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Abstract

Background—Cannabis is the most widely used illicit substance and has been associated with
cognitive impairment. It is unclear whether such impairment can occur in the absence of potential
confounding influences of co-morbid axis-I disorders and use of other illicit substances.

Method—Young adult volunteers (18-29 years) were recruited from the general community on
the basis of having no axis-I disorders or history of illicit substance use other than cannabis use.
Subjects were then grouped according to presence or absence of cannabis use (>1 time/week over
past 12 months). Cognition was compared between groups using selected paradigms from the
CANTAB.

Results—Cannabis users (n=16) and controls (n=214) did not differ significantly on salient
demographic characteristics. Compared to controls, cannabis users showed significant
impairments on quality of decision-making (Cambridge Gamble task), and executive planning
(One Touch Stockings of Cambridge task). Response inhibition, spatial working memory, and
sustained attention were intact.

Conclusions—This study identified cognitive deficits in cannabis users even in the absence of
axis-1 disorders and a history of using other illicit drugs. Future work should use longitudinal
designs to track whether these deficits predate cannabis use or are due to its consumption.
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1. INTRODUCTION

Cannabis is the most widely used illicit substance (Substance Abuse and Mental Health
Services Administration, 2010), and has been associated with poor academic achievement,
unemployment, legal problems, and heightened risk of developing a psychotic disorder (Hall
and Degenhardt, 2009). Despite considerable research, there are conflicting opinions
regarding cannabis use and its association with cognitive dysfunction (Iversen, 2003; Hart et
al., 2010).

There is broad consensus that cannabis intoxication often results in short-term dysfunction
across a range of cognitive domains in healthy volunteers (Makela et al., 2006; Almeida et
al., 2008; Hunault et al., 2009), though not all studies have been consistent in this regard
(Heishman et al., 1997; Almeida et al., 2008; Hart et al., 2010). The extent to which chronic
cannabis use is also associated with cognitive impairments remains less clear. Early cross-
sectional studies reported associations between heavy chronic cannabis use and impaired
verbal fluency and word recognition memory; some studies reported that these deficits
persisted for just a few days following cessation of cannabis intake (Pope et al., 2001), while
others suggested that these deficits persisted for a month or longer (Bolla et al., 2002; Pope
et al., 2003). Research using various neuropsychological tests has confirmed that chronic
cannabis use can be associated with dysfunction across a range of functions including
aspects of memory, attention, inhibitory control, and executive planning (Almeida et al.,
2008; Solowij and Pesa, 2010).

Limitations afflicting this extant literature, which may have contributed to the findings,
include: use of different cognitive paradigms, some of which were not well-validated,;
recruitment of cannabis users with potentially confounding axis-I disorders; and the
recruitment of cannabis users with a history of using other illicit drugs (Hart et al., 2010;
Solowij and Pesa, 2010).

We recruited a cohort of young adults without potential confounders and investigated
cognitive function in cannabis users using a range of well-validated translational paradigms
(Owen et al., 1990; Coull et al., 1995; Rogers et al., 1999; Aron et al., 2003). Potential
advantages of these paradigms include their validation in animal and human studies
involving focal lesions and neuroimaging (Chamberlain et al., 2007; Robbins and Arnsten,
2009; Clark, 2010; Chamberlain et al., 2011). We hypothesized that cannabis users would
exhibit deficits across a range of cognitive domains, consistent with the notion that cannabis
use in young people is associated with deleterious effects on cortico-sub-cortical circuitry.

2. METHOD

2.1 Subjects

Participants comprised non-treatment-seeking adults aged 18-29 years who were recruited
via media advertisements for a study examining impulsivity. Exclusion criteria included
presence of axis-I disorders (besides cannabis dependence/abuse), history of any non-
cannabis illicit drug use, and inability to understand/undertake the procedures and provide
written consent.

The study procedures were carried out in accordance with the Declaration of Helsinki. The
Institutional Review Board of the University of Minnesota approved the study and the
consent. After all procedures were explained, subjects provided voluntary written informed
consent.
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2.2 Assessments

Raters assessed each subject using the Mini-International Neuropsychiatric Interview
(Sheehan et al., 1998) and a semi-structured instrument examining a range of behaviors
(e.g., nicotine, alcohol and illicit substance use). Subjects were asked about frequency of
cannabis use during the last 12 months (average frequency of use per typical week), and
about any lifetime use of cannabis (yes/no).

Cognitive functions were assessed using well-validated computerized paradigms from the
Cambridge Neuropsychological Test Automated Battery (CANTAB). We did not ask
cannabis users to abstain from smoking or change their habits prior to participation, as we
wished to evaluate cognition under normal circumstances in day-to-day life. Domains of
interest were selected on the basis of their dissociable nature and the existing literature on
effects of cannabis on cognition in healthy volunteers (tests comprised: Cambridge Gamble,
One Touch Stockings of Cambridge, Stop-Signal, Spatial Working Memory, and Rapid
Visual Information Processing tasks) (www.camcog.com provides citations to full task
descriptions and previous validations).

2.3 Data Analysis

All subjects meeting inclusion criteria were grouped based on whether they used cannabis
one or more times per week during the last 12 months (“‘cannabis users”) or had no use over
the past 12 months (“controls”). The two groups were recruited from the same background
population, using identical recruitment and screening, in order to avoid differential
recruitment bias and to minimize confounds.

Group demographic and clinical characteristics, along with singular-type cognitive outcome
variables where compared using t-tests and chi-squared tests. For the Cambridge Gamble
and One-touch Stockings of Cambridge tasks, results were analyzed using analysis of
variance (ANOVA) using task-appropriate within-subject factors and between-subject factor
of group. This being an exploratory study using selected tests tapping orthogonal domains,
significance was defined as p<0.05 uncorrected.

3. RESULTS

The group sizes were n=16 cannabis users and n=214 controls. None of the controls reported
any lifetime cannabis use. Groups did not differ significantly on demographic characteristics
(Table 1).

For those reporting cannabis use within the past 12 months, the mean frequency of use was

3.1 £ 2.2 times per week (range 1-7). Three users met criteria for cannabis dependence and

two for cannabis abuse. None of the cannabis users and controls reported past substance use
disorder otherwise.

On the Cambridge Gamble Task (Figure 1), there was a main effect of group on the
proportion of rational decisions made (F=6.139, p=0.014), due to cannabis users making
significantly fewer rational decisions overall. There was no significant group by level
interaction (F=0.409, p=0.747) or group by condition interaction (F=2.314, p=0.130). There
was a significant main effect of level on the proportion of rational decisions (F=9.659,
p<0.001), and of condition (ascend / descend, F=17.616, p<0.001), but there was no
significant interaction (F=1.623, p=0.183). There was no significant effect of group on the
proportion of points gambled (F=0.839, p=0.361), a significant group by level interaction
(F=1.495, p=0.215), or group by condition interaction (F=0.142, p=0.706). There was a
significant effect of level (F=145.45, p<0.001) and a significant effect of condition
(F=105.78, p<0.001), but no significant interaction between the two (F=1.807, p=0.145).
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On the One-touch Stockings of Cambridge task (Figure 1), there was a main effect of group
on choices to correct solution (F=6.711, p=0.010) and a significant group by difficulty
interaction (F=3.332, p=0.005). This finding was attributable to cannabis users requiring
more attempts to obtain correct solutions, especially at the harder levels of difficulty (3-6).
There was a significant effect of difficulty overall (F=62.092, p<0.001). There was no main
effect of group on latency to correct solution (F=0.782, p=0.378) or a significant group by
difficulty interaction (F=0.915, p=0.470). There was a main effect of difficulty (F=78.355,
p<0.001).

Groups did not differ significantly on Stop-Signal Reaction Time (SSRT) (171.25 + 66.92,
170.39 +43.45msec; t=0.074, p=0.941), on SSRT reaction times for go trials (407.16 +
91.39, 439.10 + 124.25msec; t=1.007, p=0.315), in terms of total errors (19.75 + 18.95,
14.07 + 13.32; t=1.591, p=0.113), or strategy scores on the Spatial Working Memory task
(31.00 £ 6.49, 28.54 £ 6.09; t=1.550, p=0.123), or on target detection or false alarms on the
Rapid Visual Information Processing task (0.743 + 0.169, 0.743 £ 0.173; t=0.002, p=0.998;
0.011 £ 0.022, 0.007 + 0.015; t=0.872, p=0.384, respectively).

4. DISCUSSION

This is the first study to explore associations between cannabis use and CANTAB cognitive
performance in a sample of young people free from axis-1 disorders (besides cannabis
dependence/abuse) and free from a history of other illicit substance use. Though cannabis
use has been associated with deficits across an array of domains in the literature, some of
these findings may have been attributable to these confounds. The key finding was that
cannabis use was associated with elevated risky decision-making on the Cambridge Gamble
task and impaired executive planning on the Stockings of Cambridge task. These significant
deficits occurred alongside relative sparing on measures of general motor performance,
sustained attention, spatial working memory, and response inhibition. While this study
highlights selective dysfunction in a relatively pure sample of cannabis users, it should be
noted that many cannabis users have co-morbidities and use other substances, and that these
users would be expected to manifest a broader range of executive dysfunction than found
herein. Discrepancies between the current cognitive findings and those reported previously
could also reflect other factors including differences in the nature of the samples (we studied
young people and a relatively small proportion of cannabis users met criteria for
dependence/abuse).

Cannabis users showed less rational decision-making on the Cambridge Gamble task than
controls; they were more likely to make risky judgments and to select statistically unlikely,
i.e., irrational, outcomes, despite resulting in punishment (negative feedback / loss of
points). This impairment occurred across risk ratios, in the absence of more generalized
problems with response speed or decisions regarding what proportion of points to gamble.
We are unaware of any previous studies examining effects of cannabis or THC on this
specific paradigm. Using the lowa Gambling task, which bears parallels to the CGT,
decision-making deficits have previously been reported in association with cannabis use
(Whitlow et al., 2004; Hermann et al., 2009). These findings suggest that cannabis users are
relatively insensitive to negative punishment. Interestingly, imaging research has
demonstrated under-responsiveness of various neural regions (e.g., anterior cingulate,
medial prefrontal, and superior parietal cortices) during decision-making in cannabis users
(Wesley et al., 2011).

The ability to plan ahead is typically assessed in the laboratory using executive planning

paradigms, such as the One-Touch Stockings of Cambridge task. Executive planning is
dependent upon distributed neural circuitry including the dorsolateral prefrontal cortices
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(Owen et al., 1990; Williams-Gray et al., 2007). We found that cannabis users were less able
to plan successfully, particularly at more challenging levels.

These findings draw parallels with those of previous research conducted in adolescent
cannabis users, which reported significant impairment on the Delis—Kaplan Executive
Function System planning test (Medina et al., 2007). These findings may explain the
association between cannabis use in adolescents and young adults and a range of
problematic behaviors. Cannabis use has been associated with driving under the influence
(Alvarez et al., 2007), high-risk sexual behavior (Hendershot et al., 2010), and poor school
performance and school drop-out (Cox et al., 2007). It is likely that risky decision-making
and impaired ability to plan, mediated by underlying dysregulation of fronto-striatal
circuitry, may mediate such deleterious behaviors.

Several limitations of the current study should be noted. This was a cross-sectional study
with the inherent limitations thereof; the cognitive findings may have been driven by
unmeasured factors associated with cannabis use rather than by cannabis use itself. We did
not ask cannabis users time since last intake and this clearly would have been useful in
retrospect, as would more information about quantity of use. This study cannot clarify
whether cognitive problems predate cannabis use, or are due to it, nor potential differential
effects of intoxication, acute withdrawal, protracted withdrawal or residual effects as
opposed to chronic use. Lifetime use estimates were also not recorded. In a post-hoc
secondary analysis, however, we found no significant correlations between cognitive
performance on deficient measures in the cannabis users and average weekly cannabis
intake (all p>0.10, Spearman s r). The study was likely underpowered to detect such
correlations. The selective nature of the cognitive deficits that were identified suggests that
results are not simply attributable to more general problems e.g. relating to 1Q. The group
sizes were unmatched with a relatively small sample size in the cannabis group, and this
may have reduced statistical power, though the study was sufficiently powered to identify
core deficits versus controls. The sample size differences were an inevitable consequence of
our strategy to recruit all people from the same underlying population using identical
screening criteria, to avoid introducing differential recruitment bias. Other non-significant
tasks on the CANTAB, however, may be less sensitive than the Cambridge Gamble task and
Stockings of Cambridge task, and significant differences could possibly be obtained with
larger sample sizes.

In summary, our results suggest that young adults who use cannabis demonstrate selective
cognitive dysfunction in terms of decision-making and executive planning. The question
remains whether such dysfunction predates the use of cannabis or rather may be due to it.
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Figure 1.

Performance on the Cambridge Gamble Task (CGT) and One-Touch Stockings of
Cambridge Task (OTS). Shown in white bars, mean +/— SD controls, in grey mean +/—SD
cannabis users. Group differences: t=trend (0.05<p<0.10), * p<0.05, ** p<0.01.
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Table 1

Comparison of demographic and clinical characteristics between cannabis users and controls

Variables Cannabis users (N=16)  Controls (N=214) F/ chi-s p
Age (years), mean + SD 21.75+2091 21.19+321 0.453 0.501
Gender, male, N (%) 10 (62.5%) 153 (72.2%) 0583  0.445
Annual income, USD, mean + SD 17206 + 19623 15351 + 16319 0.187 0.666
Educational achievement, N (%)

High School or below 4 (25.0%) 19 (9%) 2514# 0.285

College 11 (68.8%) 170 (80.2%)

Beyond College 1(6.3%) 23 (10.8%)
Nicotine users, N (%) 5 (31.3%) 36 (17%) 1.245# 0.265
Current Alcohol Use, N (%) 14 (87.5%) 141 (66.9%) 2057# 0133
Substance Use Disorder in First-Degree Family Member, N (%) 5 (31.3%) 50 (23.4%) 0.168# 0.682

#Yates' corrected

Subjects with current Axis | disorders, including substance use disorders (other than cannabis use) were excluded from the study
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