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Cannabis and cognition: short- and
long-term effects
Nadia Solowij and Nicole Pesa

Twenty years ago cannabis was generally perceived to
be a benign drug with few significant adverse effects.
As outlined elsewhere in this book, evidence has since
mounted in the scientific literature for a range of harms
associated with the use of cannabis, including the
development of dependence and health-related harms
(see also Hall and Solowij, 1998; Hall and Degenhardt,
2009). As the overall theme of this book indicates, an
association between cannabis use and the development
of psychotic symptoms or overt psychosis has grown
to be recognized as a significant potential harm, and
investigating the mechanisms by which cannabis may
trigger psychosis is a priority. This includes understanding the effects of cannabis on brain structure,
biology and function. We recently highlighted a similarity between the cognitive impairment that has been
reported in cannabis users and the deficits observed
in schizophrenia (Solowij and Michie, 2007), suggesting common underlying neuropathology. Few would
argue that cognition is not impaired to some degree
during acute intoxication with cannabis. That impaired
cognition persists beyond the period of acute intoxication is more contentious. Despite objective appraisals
of the literature in interpreting the evidence, it is inevitable that researchers will be influenced by the weight
of their own data in formulating scientific opinion.
Accordingly, and on the basis of the accumulating evidence, this review will come to some rather different
conclusions from those made in the first edition of this
book (Pope and Yurgelun-Todd, 2004).
The goal of this chapter is to update our knowledge of the short- and long-term effects of cannabis
on cognition based on integrating evidence from the
most recent literature on this topic. We acknowledge
the weight of evidence from our own studies that must
inevitably guide us to the conclusions that we draw,
while also aiming objectively to assess the evidence
from multiple sources. We consider evidence from

preclinical research, studies of acute administration
of cannabinoids to humans, studies of long-term or
heavy cannabis users tested in the unintoxicated state,
including adults and adolescents and patients with
schizophrenia, and we evaluate the evidence for recovery of function after prolonged abstinence.

Animal studies
A wealth of preclinical research shows an unequivocal
role for the endogenous cannabinoid system in attention, memory, inhibitory control and multiple other
cognitive processes, and that these are impaired
following both acute and chronic cannabinoid administration (Egerton et al., 2006; Solowij and Michie,
2007; Pattij et al., 2008; Solowij and Battisti, 2008).
Even a single administration of an ultra-low dose of
Δ9-tetrahydrocannabinol (THC) (0.001–0.002 mg/
kg) has been shown to result in long-term cognitive
impairments in mice (3 weeks to 4 months post-injection) (Tselnicker et al., 2007; Amal et al., 2010).
Recent animal research supports the notion that the
developing brain is more susceptible to the acute and
chronic effects of exogenous cannabinoids, particularly the hippocampus. As outlined in Chapter 7, evidence is building from studies in which animals have
been exposed to cannabinoids prenatally or during the
pubertal/adolescent period, with greater immediate
adverse effects on cognition and behavior observed in
comparison to animals exposed during adulthood, as
well as such effects persisting into adulthood with no
further cannabinoid exposure (Kang-Park et al., 2007;
Schneider, 2008; Realini et al., 2009; Rubino et al.,
2009).
A recent study reported that the endocannabinoid system is significantly altered by exposure to
THC during early, middle and late adolescence in rats
(Ellgren et al., 2008). The normal proportional ratio of
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anandamide and 2-arachidonoyl glycerol (2-AG) in the
prefrontal cortex (PFC) and the nucleus accumbens
was reversed by exposure to THC, and anandamide
levels were increased in the nucleus accumbens. These
dynamic changes in the mesocorticolimbic endocannibinoid (eCB) system (ECS) were induced by intermittent exposure to THC, which emulates the pattern
of use among teenagers.

Short-term effects in humans
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Numerous studies have examined the acute effects of
cannabis on human cognition. That cannabis induces
perceptual distortions and impairs memory and concentration during acute intoxication is generally well
accepted. However, a recent systematic review of the
literature to 2007 identified considerable inconsistency across findings. Zuurman et al. (2009) examined
the effects of acute administration of cannabis or THC
to healthy volunteers from 165 studies utilizing 318
measures with the goal of identifying specific biomarkers of cannabis intoxication and central nervous
system effects, and considering dose of THC administered. While functional impairment was observed
across an extensive range of measures, few met the criteria for biomarkers in terms of consistency of effect.
This may have been somewhat obscured by variability
across multiple factors in the studies reviewed, including the nature of the subjects (varying in degree of
experience with cannabis and hence tolerance) and
the wide range of test measures. The most reliable
biomarkers were increased heart rate and subjective
effects. Dose-related decrements were observed in
some domains (e.g. auditory/verbal delayed recall and
recognition), less clear effects in others (e.g. immediate recall) and reverse effects (decreased decrements with higher doses) in yet others (e.g. working
memory, digit-symbol substitution, focused selective
attention, visuomotor control). Inhibition, reasoning/association and reaction time, while impaired,
showed no consistent dose–response effect. Biphasic
effects of lower versus higher doses were also observed
and the authors highlighted that the pattern of effects
supported a relaxing, sedating and reduced attention
effect of THC at lower doses, and greater stimulatory
and aggressive effects at higher doses. They further
commented on the potential for additional reliable
biomarkers within the domains of memory and motor
functions if the wide range of tests and measures were
standardized.
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Despite a degree of inconsistency and complexity
associated with biphasic dose effects and tolerance,
cannabis has been shown in many studies to acutely
impair attention, learning, short-term memory, working memory, executive function, abstract ability and
decision making (Hall and Solowij, 1998; Solowij, 1998;
Iversen, 2003; Fletcher and Honey, 2006; Ranganathan
and D’Souza, 2006; Solowij and Michie, 2007; Hall and
Degenhardt, 2009; Zuurman et al., 2009; Sewell et al.,
2010; Solowij and Pesa, 2010). A revival of interest in
examining the acute effects of cannabinoids on cognition in humans has been evident in recent years,
with greater application of prospective, double-blind,
placebo-controlled, cross-over designs, and with particular interest in understanding the psychotomimetic
effects of cannabis. Here we summarize key findings,
focusing predominantly on these most recent studies.
There have been growing concerns regarding the
increasing potency of cannabis preparations (see
Chapter 4). Many studies of acute administration
have demonstrated dose–response effects whereby
the greater the dose of THC, the greater the impairment. One recent study examined a range of doses of
THC relevant to designer-grade cannabis in common
use in Europe and the UK (eg. sinsemilla, nederweed),
administered to regular but not daily users in the form
of joints mixed with tobacco. There were linear decrements with increasing dose in reaction time and
errors in attention, and short-term memory tasks and
impaired motor control (Hunault et al., 2009).
A range of attentional processes is impaired by
cannabis acutely. Impaired performance on sustained attention (eg. on continuous performance
tasks), selective, focused and divided attention tasks,
as well as in preattentive sensory memory have been
demonstrated after acute administration of cannabis
or THC to humans (Ilan et al., 2004; O’Leary et al.,
2007; Hunault et al., 2009; Ramaekers et al., 2009).
Accuracy, increased error rates and slowed reaction
times were shown in some studies to be dose-related.
Ramaekers and colleagues (2009) found impaired
performance on a divided attention task following
high-dose (500 μg/kg) THC only in occasional, but
not heavy users, suggesting tolerance. In contrast,
both occasional and heavy users exhibited inhibitory
control deficits in a “Stop Signal” task. Altered inhibitory processing is evident following acute intoxication, in particular through impulsive responding
(Hart et al., 2001; McDonald et al., 2003). Imaging
studies have found that THC-attenuated activation in
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the right inferior frontal and anterior cingulate cortex
(ACC) (Borgwardt et al., 2008) and opposing effects
of THC and cannabidiol (CBD) in the hippocampus
were found during a “Go/NoGo” task (Bhattacharyya
et al., 2009). A study of decision making, as assessed by
the Iowa Gambling Task, found no disruption to risky
behavior, only a slowing of performance in daily cannabis users during acute intoxication (Vadhan et al.,
2007), while another found increased risky decision
making and altered sensitivity to consequences after
a higher dose of THC was given to occasional users
(Lane et al., 2005b).
D’Souza and colleagues (2004) conducted a rigorous investigation of the effects of intravenous THC
administered to healthy volunteers who had experience with cannabis use, but who were not heavy
users. Δ9-Tetrahydrocannabinol induced transient
positive and negative schizophrenia-like symptoms
and impaired working memory, verbal memory, distractibility and verbal fluency. Similarly, Morrison
et al. (2009) reported induction of positive psychotic
symptoms and deficits in verbal episodic memory and
executive function following administration of intravenous THC. Deficits in verbal learning and memory
are perhaps the most robust impairments associated
with acute cannabis use (Curran et al., 2002; D’Souza
et al., 2004; Ilan et al., 2004; Morrison et al., 2009),
with evidence of impaired immediate and delayed free
recall of information, and difficulties in manipulating
the contents of working memory, along with failure to
use semantic processing and organization to optimize
episodic memory encoding and impaired retrieval
performance (Fletcher and Honey, 2006; Ranganathan
and D’Souza, 2006).
Bhattacharyya and colleagues have reported a series
of neuroimaging studies of the effects of orally administered THC or CBD (Bhattacharyya et al., 2009a; 2009b).
They found that the effects of cannabis on verbal learning were mediated through its influence on left temporal activity (particularly parahippocampal), with
modulation also of medial PFC and ACC activity during
encoding or retrieval of information. Δ9-THC and CBD
showed opposing effects in the striatum during verbal
recall. These studies also elucidated the neural basis of
the anxiogenic or anxiolytic effects of THC and CBD,
respectively, as pertinent to understanding the propensity for cannabis to induce psychotic symptoms. Other
recent neuroimaging studies of acute administration
of cannabinoids have been reviewed by Martin-Santos
et al. (2010) (see also Chapter 14).

Working memory is disrupted by acute cannabis use, with impaired performance, electroencephalogram (EEG) and event-related potential (ERP)
measures (Ilan et al., 2004; D’Souza et al., 2004; Lane
et al., 2005a). Regular but infrequent cannabis users
showed dose-dependently impaired performance
(greater errors) on a Sternberg memory task following
acute administration of THC (O’Leary et al., 2007),
and these have been associated with reduced frontal-midline EEG theta power (Bocker et al., 2007).
Acute effects of cannabinoids on electrophysiology
have also been demonstrated in infrequent cannabis
users for the mismatch negativity (MMN) component of the ERP (MMN being an index of preattentive
sensory memory) (Juckel et al., 2007) and the P300
component (an index of the allocation of attentional
resources and updating of memory traces) (Roser
et al., 2008).
Thus, further evidence has accumulated for a disruption of attention, memory and inhibitory control following acute administration of cannabis to
humans, with some elucidation of the neural substrates of these effects, including evidence of differential effects of different cannabinoids (such as THC
and CBD). It appears also that the response to acute
cannabinoid administration is mediated by cannabis-use history and the development of tolerance to
the acute effects in some cognitive tasks. However,
more research is required to determine systematically the parameters of cannabis use that lead to the
development of tolerance, the doses that may or may
not elicit impaired performance in regular users and
the cognitive tasks that are amenable to tolerance.
For example, Boucher and colleagues (2009) showed
that impairments in spatial working memory in rats
are resistant to tolerance after extended administration of THC. We also do not know whether, or how,
regular users may develop compensatory strategies
during acute intoxication to facilitate performance
that might otherwise be impaired. For example, in
a risky decision-making task, Rogers et al. (2007)
showed a reduction of risky behavior following lowdose sublingual administration of THC to healthy
young adults (not regular cannabis users), with an
adoption of more cautious cognitive strategies to
compensate for the perceived disruption of effective decision making by cannabis. Thus regular users,
due to their greater experience with cannabis, might
be more likely to develop alternate compensatory
strategies.
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Long-term effects

© Castle, David; Murray, Robin M.; D'Souza, Deepak Cyril, Oct 31, 2011, Marijuana and Madness
Cambridge University Press, Cambridge, ISBN: 9781139159241

Studies of long-term and heavy cannabis users have
continued to investigate residual or persistent effects
of cannabis on cognitive function. Most studies have
assessed cannabis users within 12–48 hours of last
use of cannabis and cognitive impairment during this
phase informs the functioning of regular users in the
course of their daily lives when not acutely intoxicated. An increasing number of studies are applying
longer periods of abstention, from 1 week through to
1 month or more. Some years ago, we postulated that
the consequences of cannabis use may differ across the
lifespan, with greater psychosocial, educational, maturational and mental health issues for adolescents and
young adults, and cognitive deficits manifesting only
after years of heavy cannabis use (Solowij and Grenyer,
2002). However, much evidence has now emerged for
cognitive deficits to exist in younger cannabis users
and interest has focused on the impact of cannabis use
on the adolescent brain (see Chapter 7). Accordingly,
we have structured this section to consider studies of
adult cannabis users separately to those of cannabisusing adolescents and young adults who commenced
cannabis use during early adolescence. We also consider briefly the growing literature on cognitive functioning in patients with schizophrenia who also use
cannabis.

Adult Studies
Attention
Sustained attention, most often measured by continuous performance tasks (CPTs), is inconsistently
impaired in chronic cannabis users (Pope et al., 2001;
Indlekofer et al., 2009). However, even in the absence
of overt performance deficits, lower glucose metabolism in orbitofrontal, temporal, hippocampal and parahippocampal regions has been observed during CPT
performance in regular cannabis users (Voytek et al.,
2005). Tonic alertness was impaired in moderate users
(Indlekofer et al., 2009). A study of preattentive prepulse inhibition (PPI) attributed poor performance by
chronic cannabis users to deficits in sustained attention, which were associated with greater frequency
cannabis use (Scholes et al., 2009).
Selective and divided attention deficits in chronic
cannabis users have been shown to be related to frequency and duration of long-term use, with only partial recovery after a mean of two years of abstinence
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(Solowij, 1998). But even relatively light use (once a
week) was related to some attentional dysfunction in
young adults (Skosnik et al., 2001). The evidence suggests differential deficits associated with frequency versus duration of cannabis use, reflecting shorter- versus
longer-lasting effects.

Inhibition
Impaired inhibitory processing, assessed through
behavioral tasks such as the “Stroop, Go/NoGo” and
a variety of decision-making and gambling tasks, is
also impaired in long-term cannabis users (Bolla et al.,
2002; Solowij et al., 2002; Solowij and Michie, 2007;
Hester et al., 2009). Such tasks require the selection of
an appropriate response while simultaneously inhibiting the inappropriate response. It has been suggested
that the eCB system may modulate dopaminergic PFC
and accumbal activity and contribute to inappropriate
incentive salience to irrelevant stimuli; this may underlie attentional and inhibitory processing and decisionmaking deficits (Melis et al., 2004; Solowij and Michie,
2007; Pattij et al., 2008). Imaging studies show altered
dorsolateral prefrontal cortical (DLPFC) and ACC
activation during the interference condition of the
Stroop task, despite reasonable task performance, in
current cannabis users (Gruber and Yurgelun-Todd,
2005) and 1-month abstinent users (Eldreth et al.,
2004). Performance on the Stroop task is inconsistently impaired in chronic cannabis users, but poorer
performance has been associated with duration and
dose, possibly interacting with low IQ and with altered
electrophysiology (Bolla et al., 2002; Solowij et al.,
2002; Battisti et al., 2010a). In chronic adult users with
adequate inhibitory control performance, commission
errors increased and a diminished capacity for behavior monitoring and error-awareness was associated
with hypoactivity in the ACC and right insula (Hester
et al., 2009).

Working memory and other executive functions
Working memory is the temporary encoding and
manipulation of information that is a core component
of executive functions of cognition. The involvement
of the endogenous cannabinoid system in working memory has been well documented (Solowij and
Michie, 2007; Pattij et al., 2008). A range of executive
function tasks have been found to be impaired in both
acute and chronic cannabis use (e.g. verbal fluency,
Wisconsin Card Sorting Task, Ravens Progressive
Matrices, Tower of London) (see Solowij and Michie,
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2007) but few studies have addressed working memory directly in cannabis users and this is an area that
is receiving increasing interest. We have shown that
chronic cannabis users are impaired on several measures from the Cambridge Neuropsychological Test
Automated Battery (CANTAB), including Rapid
Visual Information Processing, Pattern Recognition
Memory, Spatial Recognition Memory, Spatial Span,
Spatial Working Memory and Visuospatial Paired
Associate Learning (Solowij et al., 2008). Abstinent
cannabis users showed no performance deficits, but
did demonstrate altered parietal brain activation in a
Sternberg working memory task (Jager et al., 2006).
Further neuroimaging studies indicate that cannabis
users recruit additional brain regions in a compensatory manner in order to achieve adequate performance on working memory tasks (Kanayama et al., 2004;
Martin-Santos et al., 2010).
In a recent study of verbal fluency, visual memory and short- and long-interval prospective memory
thought to rely on executive functions, McHale and colleagues (2008) found that young adult cannabis users
with recent use (past week) showed impaired memory
function and generated fewer words than those abstinent longer than a week; both groups generated fewer
words than non-user controls. The authors showed
that these deficits were specific to cannabis use despite
the fact that cannabis is often mixed with tobacco, as
the deficits were not apparent in a tobacco-user control
group. They suggested some recovery of cognitive ability with abstinence, but this may have been confounded
by frequency of use as the “abstinent” group comprised
twice-weekly users, whereas the “recent-use” group
smoked five to six times per week.

Verbal memory and other memory processes
Verbal memory is consistently impaired in chronic
cannabis users, with impaired performance on word
list learning tasks (e.g. Rey Auditory Verbal Learning
Task [RAVLT], the California Verbal Learning Task
[CVLT] and Buschke’s Selective Reminding Task).
These studies have been extensively reviewed elsewhere, together with some early neuroimaging studies of verbal memory in cannabis users (Solowij and
Michie, 2007; Solowij and Battisti, 2008). Overall, the
evidence suggests that long-term or heavy cannabis
users show impaired encoding, storage, manipulation
and retrieval mechanisms. Users learn fewer words
across trials and recall fewer words, particularly after
interference or delay. Several studies have shown that

these deficits are variously attributed to duration of
cannabis use (Solowij et al., 2002; Messinis et al., 2006),
frequency of use (Pope et al., 2001) or cumulative dosage effects (Bolla et al., 2002).
Recent neuroimaging studies have sought to elucidate the acute effects of THC and other cannabinoids
(e.g. CBD) on neural substrates subserving verbal
memory, as discussed above (Bhattacharyya et al.,
2009; Martin-Santos et al., 2010), or attempted to relate
brain structural changes in cannabis users to verbal
memory deficits. For example, Yücel et al. (2008) found
significantly reduced hippocampal volumes in longterm heavy cannabis users, who were also significantly
impaired on the RAVLT, but memory performance
was unrelated to hippocampal volumes. Such complex
verbal learning tasks likely involve functional connectivity across a wide range of brain regions, and impaired
performance is likely to be associated more with the
functional activation of those regions, rather than
their structure. A recent electrophysiological study in
chronic users found poor word recall and alteration of
the ERP-subsequent memory effect during encoding,
a component thought to originate in the hippocampal
region; this alteration was associated with a longer duration and an earlier onset of cannabis use (Battisti et al.,
2010b).
More specific hippocampal-dependent tasks, such
as pictorial-associative memory tasks, have also been
investigated in 1-week abstinent cannabis users (Jager
et al., 2007; Luijten et al., 2007). Task performance
did not differ between moderately using young adults
and non-user controls, but recall accuracy decreased
as a function of exposure to cannabis and decreased
activation was observed in users in bilateral parahippocampal regions and in the right DLPFC during
learning (Jager et al., 2007). A study of hippocampaldependent face-name learning in young adult frequent
users found impaired learning, short- and long-term
memory and hypoactivation of frontal and temporal
regions, with concomitant hyperactivation of parahippocampal regions during learning, reflective of
both functional deficits and compensatory processes
(Nestor et al., 2008). Similarly, Becker et al. (2010)
found greater activation of the left parahippocampal
gyrus during encoding in a face-profession associative-learning task in high- compared with low-frequency users; however, there were no apparent effects
associated with duration of use, or age of onset of use.
This too was interpreted as functional compensation
to maintain performance.
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Other cognitive functions
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Indlekofer et al. (2009), in a population-based study of
moderate cannabis users, found deficits in prose recall
(logical memory test) in association with lifetime cannabis use, and significantly increased self-reported
cognitive failures (of memory, attention, perception
and motor function) with more extensive cannabis
use. Time estimation has been found to be altered
during both acute intoxication and in some studies of
chronic users (Solowij and Michie, 2007; Pattij et al.,
2008). Typically, time is underestimated – the subjective experience is of time passing more slowly. Time
estimation is thought to involve the cerebellum and
chronic cannabis users have been shown to be impaired
in a classical delayed eye-blink conditioning task that
reflects cerebellar functional integrity (cerebellardependent associative learning) (Skosnik et al., 2008).
Recent data suggest cerebellar structural alterations in
chronic cannabis users (Solowij et al., 2011b).
Since cannabis alters mood during acute intoxication, interest has grown in exploring emotion and affect
processing in chronic users. Gruber and colleagues
(2009) examined regional brain activation to masked
affective stimuli in heavy cannabis users and found
altered frontal and limbic activity, with decreased
activation of ACC and amygdala regions compared
with controls, as well as differential effects for masked
happy versus angry faces. Three studies of acute cannabis administration also found modulation of amygdala activity during processing of fearful faces, with
opposing effects of THC and CBD (Phan et al., 2008;
Bhattacharyya et al., 2009b; Fusar-Poli et al., 2009).
We reported significantly reduced amygdala volumes
in long-term heavy cannabis users (Yücel et al., 2008)
but it is not yet known whether this is associated with
emotional or affect processing deficits. Other recent
neuroimaging research has examined reward processing mechanisms in chronic users, showing increased
cerebellar and ventrostriatal activation during reward
anticipation; the latter was correlated with the duration
of cannabis use and lifetime dose of exposure (Nestor
et al., 2010).

Adolescent and early-onset
young-adult studies
Adolescence is the prime period for initiation of cannabis use and a significant proportion of adolescents
use cannabis regularly. Adolescence is also a period of
significant neural development, with resculpting of the
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brain in terms of pruning, apoptosis and myelination
(Schneider, 2008). This suggests that substance use
during this crucial neurodevelopmental period may
impact brain maturation and plasticity, and an increasing body of evidence from animal research indicates
that the adolescent brain is more vulnerable to some
of the adverse effects of cannabis (Schneider, 2008; see
also Chapter 7).
Two recent reviews have examined the literature
on cognitive functioning specifically in adolescent
cannabis users (Schweinsburg et al., 2008a; Jacobus
et al., 2009). The primary findings from these reviews
indicated evidence for impaired attention, processing
speed, learning and memory, functional and subtle
structural brain alterations and sleep disturbances in
adolescents who use cannabis heavily. Further, it was
suggested that cognitive deficits may persist for longer
in adolescent users (6 weeks to 3 months) than has
been shown in adult users, and particularly so in the
domains of learning, memory and working memory.
Here we highlight some of the recent findings in adolescent users.

Attention
Jacobsen and colleagues (2004) found that adolescent
cannabis users made significantly more errors on a
CPT task than non-using controls. Increased errors
trended toward an association with greater exposure to
cannabis. Early onset of cannabis use (i.e. before age 15
or 16 years) was found to be a strong predictor of attentional deficits during adulthood (Ehrenreich et al.,
1999; Novaes et al., 2008). P300 amplitude, thought to
reflect the allocation of attentional resources, has been
found to be reduced in early-onset users (Kempel et al.,
2003).

Inhibition
Poor performance on the Stroop task has been associated with early-onset cannabis use (Novaes et al.,
2008; Battisti et al., 2010a). In a “Go/NoGo task,” adolescent cannabis users’ performance was adequate
following 1 month abstinence, but altered activation
was observed in frontal and parietal brain regions,
with users requiring increased neural effort during the
inhibition condition to maintain performance levels
(Tapert et al., 2007). We found that adolescent cannabis
use, but not alcohol use, was associated with increased
risky and impulsive decision making, with users adopting strategies with higher levels of uncertainty and not
utilising information effectively; also performance
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was related to an earlier onset of regular cannabis use
(Solowij et al., in press).
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Working memory and executive functions
Executive functions have been shown to be impaired in
early-onset cannabis users (Pope et al., 2003), and adolescent users show a range of attention, working memory and executive function deficits on the CANTAB
(Harvey et al., 2007). Performance on an n-back auditory working-memory task was shown to be impaired,
as memory load increased in abstinent adolescent cannabis users, with some evidence of altered regional
brain activation emerging during nicotine withdrawal
(Jacobsen et al., 2007). Abstinent adolescent male cannabis users showed overactivity in prefrontal regions
but no performance deficits in a Sternberg working
memory task, and no alterations in an associative
memory task (Jager et al., 2010). The authors suggested
that their results supported the vulnerability of the
developing frontal lobes to early-onset cannabis use.
Two neuroimaging studies reported functional brain
activation abnormalities in 28-day abstinent adolescents in a spatial working memory task and provide
further evidence in these young users of the application of alternate strategies, and recruitment of additional brain regions in a compensatory manner in
order to achieve adequate performance (Padula et al.,
2007; Schweinsburg et al., 2008b).

Verbal memory and other memory processes
Verbal memory was found to be impaired in adolescent cannabis users (Harvey et al., 2007) and minimum 23-day abstinent adolescents, and associated
with lifetime episodes of use (Medina et al., 2007).
We have recently reported impaired verbal learning
and memory in adolescent cannabis users compared
with matched adolescent alcohol users and non-user
controls and this was shown to increase with duration, quantity, frequency and age of onset of cannabis use and was unrelated to alcohol use (Solowij et al.,
2011a). Importantly, an effect of earlier age of onset
of cannabis use was retained after controlling for the
extent of exposure to cannabis. This young sample had
only moderate exposure to cannabis over 2–3 years,
yet showed impairment relative to their age-matched
counterparts similar to that seen in adults with greater
than 20 years of heavy use; we previously reported no
such impairment in heavy adult users with 10 years
use (Solowij et al., 2002). These robust findings indicate that cannabis adversely affects the developing

brain and reinforce concerns regarding the impact
of early exposure and the greater vulnerability of the
adolescent brain.
Prospective memory has also been demonstrated
to be impaired in adolescent and young adult users
(Bartholomew et al., 2008; McHale et al., 2008). Altered
electrophysiology during encoding of words was associated with an earlier onset of use in an adult sample
(Battisti et al., 2010b). In contrast to decreased parahippocampal and DLPFC activation during learning
in adult cannabis users, a study of adolescents found
increased activation in the fusiform/parahippocampal
area, inferior frontal gyrus, DLPFC, superior parietal
cortex and the ACC (Luijten et al., 2007) suggestive of
increased neural effort.

Recovery of function with abstinence
While an increasing number of studies have now
assessed adult and adolescent cannabis users following
abstinence of several weeks, very few have been specifically designed to determine whether functioning
recovers. The study frequently cited as being definitive
was that by Pope and colleagues (2001) that showed
impaired memory function at baseline and after 7 days
abstinence, but an apparent full recovery after 28 days
abstinence (Pope et al., 2001). Delayed recall was still
impaired relative to controls in analyses that did not
adjust for verbal IQ differences, and in a reanalysis of
their data, these authors found that those participants
with an earlier onset of cannabis use were less likely to
show full recovery (Pope et al., 2002). The participants
in Pope et al.’s (2001) study remained in the general
community for the course of the study, with abstinence
monitored by the provision of urine samples. In another
study using a similar verbal learning and memory test,
participants were not assessed at baseline, but were
admitted to an inpatient unit for supervised abstinence
of 28 days before neuropsychological assessment (Bolla
et al., 2002). This study found that memory deficits persisted and were dose-related, and similar decrements
were also observed on tests of executive function, psychomotor speed and manual dexterity. Our own data
from cannabis users engaged in a 4-month treatment
program not aimed at abstinence (Solowij et al., 2002)
suggest partial recovery with cessation or reduction of
use (unpublished data). Adolescent cannabis users were
also shown to be impaired in memory, attention, psychomotor speed and planning ability after 23 or more
days of urine monitored abstinence; poor performance
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was shown to be a function of lifetime episodes of cannabis use after controlling for lifetime alcohol use (Medina
et al., 2007). These findings suggest that cognitive deficits may indeed persist for a significant period beyond
last use of cannabis and it is not known how long it may
take before deficits recover and whether this may differ
between adult and adolescent users.
A subset of participants from Pope et al.’s (2001)
study were also found to show diminished activation
in motor cortical circuits (Pillay et al., 2008) and persistent alterations of cerebral blood flow in the temporal lobe and cerebellum after 28 days abstinence
(Sneider et al., 2008). Altered flow in frontal regions
was apparent after 7 days abstinence but not 28 days,
suggesting gradual normalization of neural activity
in some regions but not others. Other neuroimaging
studies have also reported functional activation differences in cannabis users after 7 days (Jager et al., 2006;
2007), 25 days (Eldreth et al., 2004; Bolla et al., 2005) or
> 2 months abstinence (Chang et al., 2006). We found
impaired electrophysiological measures of selective
attention in users who had been abstinent for an average of 2 years (Solowij, 1998). Clearly, further research
is required to clarify the extent and time course of
recovery of function after cessation of cannabis use.

Patients with schizophrenia
As discussed elsewhere in this book (Chapters 19,
20) cannabis exerts greater adverse effects on cognition when administered to patients with schizophrenia than it does in healthy individuals (D’Souza et al.,
2008). This section will briefly review the evidence
from the growing body of studies that have examined
long-term effects on cognition in patients with schizophrenia who also use cannabis.
Since long-term or heavy cannabis use generally
impairs cognition in otherwise healthy users, it might
be expected that people with schizophrenia who are
already cognitively impaired may be even more vulnerable to the adverse effects of cannabis on cognition. Surprisingly, the evidence to date has suggested
the reverse (Potvin et al., 2008). Løberg and Hugdahl
(2009) reviewed 23 recent studies that included a range
of samples with psychosis and substance use (primarily cannabis) and found that 14 of these reported better
cognition in the cannabis-using patient groups than in
their non-using counterparts. More recently, we conducted a meta-analysis of 10 studies of cognition comprising 572 patients with established schizophrenia
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with and without cannabis use and found that patients
with a history of cannabis use had superior neuropsychological functioning (Yücel et al., 2010). However,
we observed that these findings were driven more so by
those studies that included patients with any history of
cannabis use, than by studies of patients with current or
recent use. We also reported data from a first-episode
sample and found that, relative to healthy controls,
patients who used cannabis showed only selective
neuropsychological impairment, while those without
cannabis use had generalized deficits. Previous conjecturing of better premorbid functioning in cannabisusing patients has not been borne out in most studies
that have considered this, but current explanations
for better functioning in cannabis-using patients suggest that these findings may be driven by a subgroup
of neurocognitively less-impaired patients who only
developed psychosis after a relatively early initiation
into cannabis use. Thus cannabis may cause a transient
cognitive breakdown associated with the development
of psychosis among less cognitively vulnerable individuals who might, in the absence of cannabis use, never
have developed schizophrenia (Løberg and Hugdahl,
2009; Schnell et al., 2009; Yücel et al., 2010).
Not all studies report better cognition in clinical samples. For example, Ringen and colleagues (2009) found
some evidence of better cognition in cannabis-using
patients with bipolar disorder, but significantly worse
cognition in cannabis-using patients with schizophrenia, with relatively low-level cannabis use. Our own data
in a small sample of chronic schizophrenia patients with
extensive cannabis use (22 years, near daily, 5 joints/day)
found little difference in neuropsychological functioning compared with non-using counterparts, although
performance on some measures appeared to worsen
with the extent of exposure to cannabis (Grenyer et al.,
2010). However, the patients with extensive cannabisuse histories showed significant alterations in cerebellar
white matter (Solowij et al., 2010b) and in hippocampal shape (Solowij et al., 2010). Clearly, the impact of
cannabis use on brain function and structure in schizophrenia warrants further investigation.

Conclusions
A range of cognitive functions, encompassing attentional, memory, executive and inhibitory processes, are
impaired during both the acute intoxication period and
following long-term use of cannabis. There has been
some elucidation of the neural substrates underlying
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these cognitive impairments. Cannabis users, and in particular regular users, may employ compensatory strategies to aid performance or require increased neural
effort to maintain performance on certain tasks that may
otherwise have been impaired. Cannabis-use history and
the development of tolerance may mediate these effects.
Cognitive dysfunction in long-term or heavy cannabis users has been shown to increase as a function of
frequency, duration, dose and age of onset of cannabis
use. Recent interest has been directed toward cannabis use during adolescence, and evidence from animal
and human studies suggests that the adolescent brain
is more susceptible to the adverse effects of cannabis.
Adolescent cannabis users show similar deficits to those
observed in adult users, but greater cognitive impairment is evident the earlier that cannabis use commences.
Cognitive dysfunction in long-term users tends to persist for at least one month following the cessation of
cannabis use, and may persist for longer in adolescents,
but the literature in both populations regarding extent
of persistence is not definitive, although it is likely that
deficits recover following prolonged abstinence.
Similarities between cognitive deficits in cannabis
users and in people with schizophrenia, together with
an overlap in brain morphological changes observed
in each population (see Chapter 10), suggest that further research into the cognitive effects of cannabis
may inform the mechanisms by which cannabis triggers symptoms of psychosis. The endogenous cannabinoid system modulates cognition and is altered in
schizophrenia. Individual differences and variability
in response to cannabis, during both acute intoxication and in the long-term, dictates a need to understand the mechanisms that constitute increased risk
or susceptibility to both the adverse effects of cannabis on cognition and the development of psychosis.
Further attention should be given to genetic variation,
neurodevelopmental processes, and to the differential opposing or interactive effects of cannabinoids.
When humans consume cannabis, they expose themselves not only to THC but also CBD and multiple
other compounds that may exacerbate or diminish
the effects of THC on the brain (See Chapters 1, 2).
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