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Abstract
Rationale—Marijuana is believed to increase impulsivity and risk taking, but the processes
whereby it affects such behaviors are not understood. Indeed, either the pharmacologic effect of
delta-9-tetrahydrocannabinol (THC) or the expectancy of receiving it may lead to deficits in
cognitive processing and increases in risk taking.

Objectives and methods—We examined the relative effects of expecting to receive active
marijuana and the pharmacological drug effects using a balanced placebo design. Young adult
regular marijuana users (N=136) were randomly assigned into one of four groups in a two × two
instructional set (Told THC vs. Told no THC) by drug administration (smoked marijuana with 2.8
% THC vs. placebo) design. Dependent measures included subjective intoxication, behavioral
impulsivity, and decision-making related to risky behaviors.
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Results—Active THC, regardless of expectancy, impaired inhibition on the Stop Signal and
Stroop Color-Word tasks. Expectancy of having smoked THC, regardless of active drug,
decreased impulsive decision-making on a delay discounting task among participants reporting no
deception and increased perception of sexual risk among women, consistent with a compensatory
effect. Expectancy of smoking THC in combination with active THC increased negative
perceptions from risky alcohol use. Active drug and expectancy independently increased
subjective intoxication.

Conclusions—Results highlight the importance of marijuana expectancy effects as users
believing they are smoking marijuana may compensate for expected intoxication effects when
engaged in deliberate decision-making by making less impulsive and risky decisions. Effects of
marijuana on impulsive disinhibition, by contrast, reflect direct pharmacologic effects for which
participants did not compensate.
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Introduction
Marijuana use has been associated with behavioral problems such as motor vehicle accidents
(Drummer et al. 2004; Ramaekers et al. 2004; Wadsworth et al. 2006) and risky sexual
behaviors (Costa et al. 1996; Fernandez et al. 2004; Shrier et al. 1996; Simons et al. 2010).
However, the mechanisms accounting for these associations are not fully understood. In
particular, the limited number of studies on marijuana and impulsivity or risk taking has not
separated pharmacologic from expectancy effects. It is known that expectancies can
influence responses to other drugs, such as alcohol. Alcohol expectancies can either
augment or temper the expression of disinhibited behavior in a drinking situation (Testa et
al. 2006). Thus, expectancies may also influence cognitive processing or risk taking after
marijuana. The purpose of the present study was to examine the expectancy that marijuana
was smoked independently from the pharmacologic effect of delta-9-tetrahydrocannabinol
(THC) on two behavioral domains of impulsivity: disinhibition and risky decision-making
(de Wit 2009; Meda et al. 2009; Reynolds et al. 2006a).

There is some evidence that marijuana impairs the capacity to inhibit already initiated
responses, as measured by the Stroop Color-Word (Stroop 1935) and Stop Signal tasks
(Logan et al. 1997). In one study (Hooker and Jones 1987), marijuana (1.2 % THC)
impaired the ability to inhibit inappropriate responding in light users, and in another study,
marijuana (Hart et al. 2001; 3.9 % THC) impaired reaction time in heavy users. Oral THC
(15, 17, and 35 mg) increased impulsive responding on the Stop task in recreational
marijuana users (McDonald et al. 2003; Ramaekers et al. 2006) but did not affect
performance on a Go/No-Go task, which calls for cognitive in addition to motor inhibition
(McDonald et al. 2003).

There is also evidence that marijuana increases risky decision-making or maladaptive
choices involving the evaluation of outcomes. Chronic marijuana users display impairments
in decision-making by choosing larger immediate gains despite more costly losses on the
Iowa Gambling task (Bolla et al. 2005; Whitlow et al. 2004), although these differences may
have pre-dated use of the drug. Findings with acute intoxication are mixed. Marijuana (17 or
35 mg THC) did not affect performance on the Iowa Gambling task in light marijuana users
(Ramaekers et al. 2006) or in heavy users at similar dose levels (Vadhan et al. 2007), but
performance was affected by a 17-mg THC dose in daily marijuana users (Weinstein et al.
2008). In another study (Lane et al. 2005), smoked marijuana (3.58 % THC) increased risky
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responding on a computerized risk task in recreational marijuana smokers, relative to a 1.77
% THC and placebo.

Acute doses of THC have also been tested using a measure of impulsive decision-making,
i.e., discounting of negative consequences or of delayed rewards. Delay discounting, the
tendency to choose more immediate smaller rewards over larger delayed rewards (Rachlin et
al. 1991), is quantified with either hypothetical (Richards et al. 1999) or experiential
(Reynolds and Schiffbauer 2004; Reynolds 2006) tasks. In one study (McDonald et al.
2003), oral THC (7.5 and 15 mg) did not alter discounting on a hypothetical discounting task
in recreational smokers. It remains to be determined whether THC or whole plant marijuana
affects discounting using other measures, such as the real-time measure that has been
sensitive to acute alcohol effects (Reynolds et al. 2006b) and sleep deprivation (Reynolds
and Schiffbauer 2004).

Several studies have examined the effects of marijuana on risk taking. Marijuana is known
to impair driving (Bates and Blakely 1999; Ramaekers et al. 2000, 2004; Sexton et al. 2000),
possibly due to an increase in risk taking. Its effects on other behaviors related to risk taking,
such as unsafe sexual behavior, remain to be determined, especially using reliable measures
of intention and perception of sexual risk taking that are known to be sensitive to the effects
of drugs (e.g., alcohol; Fromme et al. 1997).

There is evidence that THC contributes to the effects of marijuana, from studies where THC
content was varied under blinded conditions. However, these studies failed to take into
account the participants’ expectancies of receiving an active drug. Usually, marijuana or
THC studies use a double-blind placebo-controlled design with no clear instructional set
manipulation (i.e., subjects told they may or may not ingest THC), so that the contribution of
expectancies is unknown. The expectation of receiving a drug effect can produce subjective
and behavioral effects even in the absence of the drug itself (Marlatt and Rohsenow 1980;
Vogel-Sprott and Fillmore 1999). This expectancy, which may develop from either prior
experiences with the drug or through learned communications about the drug’s effects, can
either produce behaviors like the drug or behaviors opposite to the drug. Metrik et al. (2009,
2011a) has shown that expectancy of receiving THC produces greater THC-like subjective
effects. However, expecting to receive marijuana may increase risky behavior or it may
decrease it through compensatory behaviors to counteract the expected effect (e.g., exerting
greater care) (e.g., Bates and Blakely 1999). The present study used the balanced placebo
design (BPD) to examine marijuana’s pharmacologic and stimulus expectancy effects on
impulsive disinhibition and impulsive decision-making in experienced weekly marijuana
users. We hypothesized that both THC and instructions that THC was smoked (i.e., stimulus
expectancy) would increase impulsive disinhibition on Stop Signal and Stroop Color-Word
tasks and increase impulsive/risky decision-making on the experiential measure of delay
discounting, a measure of risk taking (the Balloon Analogue Risk task) and a measure of
cognitive appraisal of sexual and substance use-related risks. We predicted that both the
drug and the expectation of receiving the drug would increase impulsive and risky
behaviors.

Methods
Design and randomization

The study involved a two × two randomized factorial design crossing drug administration
(2.8 % THC or 0 % THC) with instructional set (Told THC or Told Placebo). Using urn
randomization (Wei 1978), the participants were randomized to one of four conditions (n=34
per condition) balancing on sex, college status, and tobacco smoking. The four groups were
Told THC/Received THC, Told THC/Received Placebo, Told Placebo/Received THC, and
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Told Placebo/Received Placebo. The participants were informed that the study evaluated the
effects of marijuana on mood and behavior,1 and that they would be randomly assigned to
smoke one marijuana cigarette that contained THC or one marijuana placebo cigarette with
THC removed.

Participants
The study was approved by the Institutional Review Board of Brown University. Marijuana
smokers (N=136) were recruited through newspaper advertisements, flyers, and social media
websites. The participants met the following inclusion criteria: native English speakers, 18
to 30 years of age, marijuana use at least once a week in the past month and at least ten
times in the past 6 months (to generalize to regular users), and self-reported ability to abstain
from marijuana for 24 h without withdrawal (to avoid confounding effects). Exclusion
criteria were: history of substance abuse treatment and intent to quit or receive treatment for
cannabis abuse; use of other illicit drugs; pregnancy; nursing; past month affective disorder
or history of panic attacks, psychotic, or suicidal state assessed by psychiatric interview;
alcohol dependence; contraindicated medical issues by physical exam; 20+ tobacco
cigarettes a day; and prior knowledge about the study procedures or contact with
participants.

Procedure
The participants completed a baseline non-smoking and an experimental smoking session on
average of 14.7 (SD=8.4) days apart. The participants were told to abstain from marijuana
and tobacco smoking for 12 h, alcohol for 24 h, and caffeine for 1 h before both sessions. An
alveolar carbon monoxide (CO) of ≤6 ppm was used to confirm no recent smoking (Cooper
and Haney 2009; Metrik et al. 2011a) with a Bedfont Scientific Smokelyzer®. Tobacco
smokers were given an opportunity to smoke a tobacco cigarette following the CO test to
prevent nicotine withdrawal at the second session. Zero breath alcohol concentration was
verified with an Alco-Sensor IV (Intoximeters, Inc., St Louis, MO., USA). Positive THC
urine screens were obtained from 84 % of participants at baseline and from 89 % at the
beginning of the smoking session.

Sessions occurred in a 75-ft2 ventilated smoking room with a one-way mirror and intercom.
At baseline, participants completed questionnaires and impulsivity and risk taking tasks to
provide within-subjects control with repeated measures. At the second session, subjective
effects and heart rate were assessed, and the participants were then instructed about which
cigarette they were assigned to smoke. Explicit instructions about THC’s psychoactive
properties were accompanied by several procedures (saliva sample post-smoking and
placebo cigarettes rolled in purple grape cigarette paper) enhancing the credibility of the
expectancy manipulation (for details, see Metrik et al. 2009). After smoking, we assessed
the heart rate, subjective effects, impulsivity tasks in a counterbalanced order, and
manipulation checks (Metrik et al. 2009). Assessments were timed to capture the peak drug
effect within 90 min after smoking. The participants in Told THC or Received THC

1Participants in the “Told THC” conditions were told, “You have been assigned to the condition to smoke an active marijuana
cigarette that contains THC. THC is the primary psychoactive cannabinoid that ‘gets people high.’ The dosage of THC contained in
each cigarette is considered to be a moderate dose for the average person. Marijuana cigarettes came from the National Institute of
Drug Abuse and marijuana was grown by the government for research purposes. In this condition, we need to test how smoking
marijuana will affect your mood, responses, and behavior. Participants in this condition will be compared to others who receive
placebo without any THC.” Participants in the “Told Placebo” conditions were told, “You have been assigned to the condition to
smoke a placebo cigarette. A marijuana placebo cigarette does not contain THC. THC, the active ingredient that gets people high,
along with other cannabinoids, was extracted from the cigarettes by the National Institute on Drug Abuse, which provides them for
research. Smoking this placebo cigarette will have no effect on your mood and behavior. In this condition, we need to test how people
operate in a normal state of consciousness while engaging in all other actions associated with smoking. Participants in this condition
will be compared to others who receive marijuana with THC.”
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conditions remained in the laboratory for 4 h after smoking, passed a field sobriety test, and
were transported home in a taxi. Participants were fully debriefed regarding the deception
following the completion of the study. All were paid $145 and an additional $10–28 per
session from certain impulsivity tasks.

Marijuana administration
Marijuana cigarettes (placebo or 2.8 % THC) were provided by the National Institute on
Drug Abuse, rolled at both ends, humidified, and smoked according to the standardized
paced puffing procedure (Foltin et al. 1987) until the ash reached a mark 10 mm from the
end. This THC dose significantly affected subjective measures and impulsivity tests (e.g.,
Lukas et al. 1995; McDonald et al. 2003) yet permitted deception when in Told Placebo
conditions (Metrik et al. 2009).

Baseline individual difference measures
The Time-Line Follow-Back (Dennis et al. 2004) assessed past 60-day number of marijuana
and tobacco cigarette use days.

Dependent measures
Drug effects Subjective effects of marijuana were assessed twice with the ARCI-Marijuana
scale (ARCI; Chait et al. 1985; Martin et al. 1971) at 12 min from the start of smoking and
after the completion of all computer tasks, at 108 min on average. Heart rate (in beats per
minute) was recorded prior to smoking and at 16 min from the start of smoking via a blood
pressure cuff attached to the non-dominant arm (Datascope Accutorr Plus NIBP).

Impulsive disinhibition
Stroop Color-Word task (Stroop 1935) presented a practice trial followed by two trial blocks
(48 stimuli per trial) in which the participants were asked to press as quickly as possible the
designated key on the keyboard first in response to the color of a symbol string (e.g.,
XXXX) in four colors and then the color of the color-incongruent word. Different task
versions were counterbalanced across the two study sessions. The primary dependent
variable was response latency in milliseconds on color-incongruent trials. The number of
correct responses was also recorded as a measure of general performance. Data for one
color-blind participant were excluded. The Stop Signal task (Logan et al. 1997) measures
inhibition of a prepotent response with two concurrent tasks: (1) the go task is a choice
reaction–time task that requires participants to rapidly discriminate two symbols (maximum
presentation 1,250 ms) and (2) the stop task involves presentation of a tone (75 ms, 1,000
Hz) that signals one to inhibit the response to the go task. The tone was presented following
the visual stimuli at different delays (initial delay at 200 ms) on a quarter of the trials (32
practice trials followed by three blocks of 64 trials). The delay time to the stop signal was
adjusted until the participant inhibited responses on approximately 50 % of trials. The time
in milliseconds required for the participant to stop the go response (stop signal reaction time,
SSRT) was calculated by subtracting the mean stop signal delay from the mean go reaction
time. Data from 14 participants (7 smoked active marijuana and 7 smoked placebo) were
excluded because they almost always (90–100 % of trials) failed to inhibit the stop signal,
possibly due to poor comprehension of instructions (Band et al. 2003; Logan 1994;
Verbruggen and Logan 2008).

Impulsive decision-making
The Experiential Discounting task (EDT; Reynolds and Schiffbauer 2004) measures
tendency to choose more immediate smaller rewards over larger delayed rewards. During a
block of trials, the participants were presented with a series of choices between a standard
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amount ($0.30) that was probabilistic (35 % chance of receiving) delivered either
immediately during one block or after a delay (28 s) during another block and an adjusting
amount of money (initially set to $0.15) that was always delivered immediately and was
certain. The participants were told that if they chose the standard 30 cents, the next adjusting
choice would increase, while choosing the immediate amount caused the next adjusting
choice to decrease. The coins earned were delivered from a coin dispenser (totaling $3–25
per session). The participants made choices during both blocks (0 and 28 s delay) until the
amount for an immediate choice was adjusted to a point of indifference (i.e., an equal
number of choices to both the standard and immediate options). The primary dependent
variable was the indifference point for the 28-s delay session adjusted by the score from the
0-s delay session (ranging from 0.0 (steepest possible discounting) to 1.0 (no discounting)).
Data for one participant were lost due to technical problems. Delay Discounting
Questionnaire (DDQ; Richards et al. 1999) uses a computerized adjusting amount procedure
to measure discounting of delayed monetary reinforcers. In a series of choice trials, the
participants were offered the hypothetical choice between $10 available after a delay (0, 2,
30, 180, and 365 days) or a smaller amount available immediately. The primary dependent
variable was area under the curve connecting indifference points and the x-axis, from 0.0
(steepest discounting) to 1.0 (no discounting) (Myerson et al. 2001). The Balloon Analogue
Risk Task, automatic response version (BART; Lejuez et al. 2002; Pleskac et al. 2008), is a
computerized behavioral measure of risk taking. Thirty balloon images were presented one
at a time with participants designating the number of pumps to have each balloon inflated.
Each pump earned 1 cent, but money was lost if the balloon exploded (at 64 pumps on
average). The primary dependent variable was the average number of pumps across trials.
The participants received cash earned (ranging from $2 to 11) after the session. The
Cognitive Appraisal of Risky Events Questionnaire-Revised (CARE-R; Fromme et al. 1997;
Katz et al. 2000) assesses perceived likelihood of negative (risks) and positive consequences
(benefits) of unsafe sexual behavior with a non-exclusive dating partner(s) (11 items) and
includes five gender-specific questions on coercive sexual behavior, four questions on illicit
drug use, and seven items on alcohol-related risky activities. All are rated on Likert scales
from 1 (not at all likely) to 7 (extremely likely). The mean composite scores for risks and
benefits of (1) alcohol-related behaviors such as heavy drinking and drunk driving, (2) illicit
drug use, (3) unsafe sexual behaviors with non-exclusive partner, and (4) coercive sex
within each gender (Cronbach’s alphas, .66–.97) were used.

Data analysis plan
Baseline differences between experimental conditions were tested with ANOVA and chi-
square tests. We examined effectiveness of instruction set manipulation in terms of percent
reporting deception per condition (Metrik et al. 2009). We then tested drug and stimulus
expectancy effects on heart rate with linear regression covarying baseline heart rate.
Subjective intoxication effects were tested with a two (times after smoking, within-groups) ×
two (drug, between-groups) × two (stimulus expectancy, between-groups) repeated
measures ANOVA covarying baseline scores. Linear regression was used to test the two
experimental effects, pharmacologic effect, and stimulus expectancy effect, on the Stroop
Color-Word, Stop Signal, the EDT, the DDQ, and the BART. In these models, the centered
baseline value of the respective dependent variable and dummy-coded task order (first task
set to a reference group) were entered on the first step, the main effects of stimulus
expectancy and drug manipulations were entered second, and the stimulus expectancy by
drug manipulation interactions were added on the third step.

Four two (drug) × two (stimulus expectancy) multivariate analyses of covariance
(MANCOVAs) were performed, one for each of the four risky activities on the CARE-R
(alcohol risks, illicit drug use, risky sex with a non-exclusive partner, and coercive sex),
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entering negative and positive outcomes into each multivariate test. Baseline CARE-R risk
and benefit values and task order were included as covariates in these models. Analyses of
the CARE-R sexual behaviors included sex as a covariate in the models (George and Stoner
2000). Sex differences on cognitive tasks following marijuana smoking were not expected
(Anderson et al. 2010) and not found when tested. Significant multivariate effects were
followed with univariate tests on individual risk and benefit scales. Drug by expectancy
interactions were not hypothesized and were nonsignificant across all measures, with the
exception of CARE-R alcohol-related risk questions. All analyses were conducted in SPSS
19.0 for Windows.

Results
The four experimental groups did not differ on any of the descriptive variables (see Table 1),
and the two experimental conditions did not differ on baseline impulsivity tasks (see Table
2).

Manipulation checks
Suspicions about THC content were reported by two participants (6 %) in the Told THC/
Received Placebo condition and by seven (21 %) in the Told Placebo/Received THC
condition. No one in other conditions endorsed any deception. Following other BPD studies
(Juliano and Brandon 2002; Kelemen and Kaighobadi 2007; Perkins et al. 2004), analyses
were conducted on all participants; analyses excluding participants for whom the deception
failed produced the same findings on all measures and are therefore not presented. The one
exception was the EDT where the effect of expectancy manipulation became significant in
the partial sample.

Heart rate and subjective intoxication effects
Table 2 lists baseline and post-smoking means (SD) for the two conditions: stimulus
expectancy (Told THC vs. Placebo) and drug (Received THC vs. Placebo) on heart rate,
subjective intoxication, and impulsivity tasks. THC significantly increased heart rate relative
to placebo at 16 min after the start of the smoking (B=39.27, SE=2.70, sr2=.54, p<.001),
with no significant main or interaction effects with stimulus expectancy. The significant
main effects of drug, F (1, 125)=77.23, p<.001, and expectancy, F (1, 125)=6.32, p=.01,
were seen for ARCI-M indicating that receiving THC vs. placebo and being told THC vs.
placebo were independently associated with greater subjective drug effects. A significant
drug by time interaction, F (1, 125)=6.67, p=.01, showed that the effects of receiving THC
were greater immediately post-smoking than at the end of the post-smoking period. The
stimulus expectancy manipulation by time interaction was nonsignificant.

Impulsive disinhibition tasks
Relative to placebo, THC significantly reduced total number of correct answers on color-
incongruent trials (B=−1.28, SE=.57, sr2=.02, p=.03) but not on color-congruent trials on the
Stroop Color-Word task, with no effect on average response latency. Relative to placebo,
THC also increased time to inhibit a prepotent response (SSRT: B= 19.76, SE=9.72, sr2=.03,
p=.04, see Fig. 1), without significantly affecting the Go task reaction time. Although the
THC effect was of small magnitude, a larger change from baseline to post-smoking occurred
in the placebo condition (see Fig. 1). Exploratory post hoc t tests to understand this large
placebo effect revealed that, compared to baseline, performance was significantly improved
in the Told THC/Received Placebo condition (paired t (df=29)=3.36, p=.002) but not in the
Told Placebo/Received Placebo condition. There was also a significant effect of task order
(B=28.88, SE=14.12, sr2=.03, p=.04) such that, relative to Stop Signal tasks completed first
after the smoking, Stop tasks completed towards the end of the session led to increased
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impulsivity. There was no main effect or interaction with stimulus expectancy manipulation
on the Stroop or the Stop Signal tasks.

Impulsive decision-making tasks
On the EDT, the main effect of the drug was nonsignificant and the main effect of stimulus
expectancy was at a trend level (B=.07, SE=.04, sr2=.02, p=.06). In the EDT analysis
without the participants for whom the deception failed (n =126), this effect of expectancy
was significant (B=.09, SE=.04, sr2=.03, p=.02) (see Fig. 2). Those in Told THC condition
discounted delayed rewards less than those in Told Placebo. On the DDQ and BART, there
were no main effects of stimulus expectancy or drug manipulation.

Substance use risk decision-making (CARE-R)
MANCOVA tests revealed a significant drug by expectancy interaction effect for alcohol-
related risk behaviors: Wilks’ Lambda=.95, F (2, 126)=3.33, p=.04. Univariate tests (B=.82,
SE=.40, sr2=.02, p=.04) indicated that among those who are in Received THC condition,
those in Told THC condition rated negative consequences of alcohol risk behaviors as more
likely than those in Told Placebo condition (sr2=.07, p=.01). Among those who are in
Received Placebo condition, there was no significant association between the expectancy
manipulation and alcohol-related risky decisions. There were no significant univariate
effects for expected benefits from alcohol and no significant multivariate effects for illicit
drug use.

Sexual risk decision-making (CARE-R)
MANCOVA tests revealed a significant drug effect for risky sex with non-exclusive partner:
Wilks’ Lambda=.93, F (2, 125)=4.60, p=.01. Univariate tests indicated that relative to the
Received Placebo condition, those in the Received THC conditions rated benefits of risky
sex with a non-exclusive partner as less likely (B=−.44, SE=.14, sr2=.04, p=.003); there
were no univariate effects on negative consequences from risky sex. There were no
experimental main or interaction effects of stimulus expectancy. Main or interaction effects
of drug were not significant in the sex-specific multivariate coercive sex models;
multivariate effects of stimulus expectancy were only at a trend level (p=.07) for both men
and women. Univariate tests indicated that women in the Told THC conditions significantly
increased perceived likelihood of risks from coercive sex relative to women in the Told
Placebo conditions (B=.79, SE=.35, sr2=.07, p=.03); there were no significant effects in the
benefits model of coercive sex among women or men, or for risks for men.

Discussion
This is the first evaluation of the independent and combined effects of smoking and
expecting to smoke active marijuana on multiple measures of risk taking and impulsivity,
using the balanced placebo design. The pharmacological effect of THC somewhat
contributed to impaired inhibition, whereas expectancy of having smoked THC affected
impulsive decision-making, with a compensatory direction of effect on some measures of
risky decision-making. Expectancy of smoking THC in combination with active THC
increased perceptions of risk from risky alcohol use. Independently from the THC
administration, expectancy also increased perceived risk from coercive sex among women.
Conversely, receiving THC independent from the instructions about the THC dose
decreased expected positive consequences from risky sex. Both THC dose and marijuana
expectancy independently increased subjective intoxication.

Although THC significantly increased impulsive responding on two behavioral tasks of
impulsive disinhibition, marijuana’s effect on these tasks was of small magnitude, and on
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the Stroop task, only accuracy but not response latency was somewhat affected. These
changes may not be clinically meaningful and are consistent with another marijuana study
(Hooker and Jones 1987). Similar findings in both light and heavy users (McDonald et al.
2003; Ramaekers et al., 2006; Ramaekers et al. 2009) indicate that THC may not reliably
decrease either motor inhibition, which requires rapid response control, as measured by the
Stop Signal task or affect cognitive inhibition, which controls processes such as sustained
attention and interference, as indexed by the Stroop task.

The absence of THC’s pharmacologic effect on delay discounting adds to the extant
empirical findings that suggest that marijuana intoxication (McDonald et al. 2003) is only
weakly associated with delay discounting in comparison to other drugs such as tobacco,
cocaine, opioids, and alcohol (Johnson et al. 2010). Because an Experiential Discounting
Task was employed in the present study, the non-significant results cannot be attributed to
the hypothetical nature of rewards, as had been suggested for other studies (McDonald et al.
2003). Results suggest that marijuana does not impair this aspect of behavior control to the
extent that alcohol or other drugs do (Fillmore 2003).

Marijuana expectancy significantly affected performance on the experiential but not on the
hypothetical delay discounting task in a subsample of participants for whom BPD deception
worked, but in the opposite direction than was hypothesized. Across measures that involved
an evaluative component, an individuals’ expectation that marijuana was used made them
more cautious in decisions and led to increased awareness of risks. This trend level effect
was evident on a delay discounting task and for women on measures of sexual risk-related
judgment, independent of the actual THC dose, and on judgments of risks from alcohol use,
when active THC was also smoked. Similarly, our exploratory analysis of the apparent
improvement in inhibitory control on the Stop Signal task in response to placebo revealed
that placebo participants that were told they were smoking marijuana may have
compensated for expected intoxication effect by increasing inhibitory control, while placebo
participants that were told they were smoking placebo did not change their performance
after the smoking. Compensatory behavior has been previously demonstrated with marijuana
users in relation to reported perception of safer driving due to reduced speed when under the
influence of marijuana (Bates and Blakely 1999). Similarly, in an alcohol study, the
participants discounted delayed rewards less steeply, and the indifference points were higher
(i.e., indicating less impulsivity) in the high-alcohol than the no-alcohol condition (Ortner et
al. 2003). Finally, the participants who were led to expect impairment from alcohol or
caffeine performed better than those led to expect enhancement of performance (Fillmore et
al. 1994; Harrell and Juliano 2009). Our findings that women expecting marijuana, relative
to those expecting placebo, rated negative consequences from coercive sex as more likely
are entirely consistent with an alcohol study in which placebo condition women who
believed they were drinking responded to a hypothetical scenario of aggressive sexual
advancement with increased vigilance and caution (Testa et al. 2006). Nevertheless,
stimulus expectancy effects were mostly at a trend level or, contrary to our expectation,
dependent on the drug effect, which warrants further replication.

A noteworthy pattern of findings emerges from this study, such that pharmacologic effects
of small magnitude were evident on inhibition tasks, and stimulus expectancy effects were
more pronounced (either in combination or independently from the drug effect) on
impulsive decision-making measures that reflect deliberate choice-making involving the
evaluation of outcomes. This pattern of findings is consistent with alcohol placebo meta-
analyses demonstrating that alcohol’s pharmacologic effects predominate over alcohol
expectancy effects in the memory or motor performance behavioral domains (Hull and Bond
1986; Testa et al. 2006). However, findings in the area of sexual risk decision-making are
mixed and studies that employed placebo are too few to draw firm conclusions (Testa et al.
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2006). In our study, marijuana did not acutely influence performance on the BART,
suggesting that this behavioral task was not a sensitive measure of acute drug effect. Indeed,
neither alcohol (Reynolds et al. 2006b) nor nicotine (Wignall and de Wit 2011) has acutely
altered BART performance.

Limitations
Because deception is increasingly hard to maintain in the Told Placebo Received Drug
condition with higher drug doses (Martin and Sayette 1993), we had tested a moderate
concentration of THC and larger doses may have produced greater effects. Results may not
generalize to less experienced users with less tolerance (Hart et al. 2001; Kirk et al. 1998;
Ramaekers et al. 2009; Vadhan et al. 2007). Our sexual risk taking findings are inherently
confined to hypothetical measures (Crowe and George 1989).

Conclusions
Our results are consistent with other studies that demonstrate mostly minimal or subtle
deficits in executive functions due to acute effects of marijuana in regular smokers (Hart et
al. 2001; Pope et al. 2001; Vadhan et al. 2007) and that show that THC can affect some
mechanisms underlying impulsive behaviors while not affecting others (McDonald et al.
2003). This study extended prior research by using the BPD to derive more precise estimates
of the pure pharmacological effect of marijuana separate from the potential confound of
marijuana expectancy. Receiving THC, and to a lesser extent expecting that one is using
marijuana, altered decision-making processes by increasing perceptions of risk, consistent
with prior research on marijuana and driving (Bates and Blakely 1999; Sexton et al. 2000).
Such alterations, which were generally of small magnitude, may counter the relatively mild
effects of THC on inhibitory control, ultimately tempering the expression of disinhibited
behaviors following marijuana use. Heightened cognitive processing of risk associated with
marijuana smoking may help explain the largely negative or equivocal findings on
marijuana’s associations with risky sex (Brodbeck et al. 2006; Leigh et al. 2008), smoking
relapse (Metrik et al. 2011b), discounting of delayed consequences (Johnson et al. 2010),
and other risk behaviors typically implicated in alcohol involvement. These conclusions
about marijuana’s effects on impulsivity and risk taking are to some extent congruent with
the public view of marijuana being less associated with harmful consequences than alcohol
and some other drugs (Nutt et al. 2007). Future studies should consider examining individual
differences (e.g., use history, executive memory, outcome expectancies, and variability in
cannabinoid-related genetics) that may moderate behavioral responses to THC or placebo.
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Fig. 1.
Mean Stop Signal Reaction Time (SSRT) difference scores (baseline subtracted from post-
smoking values) by two experimental factors: stimulus expectancy (Told) and drug
(Received). Relative to placebo, THC significantly increased SSRT (time to inhibit a
prepotent response). Effect of stimulus expectancy manipulation (Told THC vs. Told
Placebo) was nonsignificant
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Fig. 2.
Mean adjusted indifference point difference scores (baseline subtracted from post-smoking
values) on the EDT task (ranging from 0.0 (steepest possible discounting) to 1.0 (no
discounting)) by two experimental factors: stimulus expectancy (Told) and drug (Received).
Relative to placebo, THC did not significantly change delayed discounting. Those in Told
THC condition discounted delayed rewards less than those in Told Placebo condition
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