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Abstract: 

Objectives: Not all individuals who smoke cannabis report psychotic-like experiences. Given 

that risk factors for psychotic disorders are multifaceted, precipitating factors to psychotic-

like experiences after cannabis are likely to be equally complex. Reduced neurocognitive 

performance is associated with both psychosis risk and cannabis use. Therefore it is possible 

cognitive performance may differentiate those who report psychotic-like experiences after 

cannabis from those who do not. We determined whether those reporting psychotic/dysphoric 

experiences after cannabis had reduced neurocognitive performance compared to those 

reporting primarily euphoric experiences.  

Methods: Participants were recruited on the basis of responses to the cannabis high captured 

by the Psychosis-Dysphoric and Euphoric experiences subscales from the Cannabis 

Experiences Questionnaire (CEQ).  

Results: Compared to participants reporting primarily euphoric cannabis experiences (n=36; 

44% male; mean age (SD)=28 (9) years), those who reported psychotic/dysphoric 

experiences (n=40; 45% male; mean age (SD)=26 (5) years) demonstrated significantly faster 

responses to a trial and error learning task. In the presence of distracters, those with 

psychotic/dysphoric experiences after cannabis made more errors on a Continuous 

Performance Task. 
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Conclusions: Those who report psychotic/dysphoric experiences after cannabis have subtle 

inefficiencies in their cognitive processes. The multiple factors which predict vulnerability to 

psychotic-like experiences after cannabis require further investigation.  

 

(200 words) 
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Introduction: 

Schizotypal traits (or schizotypy) are reported in excess in those at risk for developing 

psychosis and in relatives of patients with psychotic disorders (e.g. Keshavan et al 2008; 

Woods et al 2009). Furthermore, factors which exacerbate psychotic symptoms in patients 

with psychosis also increase the likelihood that those who score highly on schizotypy will 

report psychotic-like experiences (e.g. Mackie et al 2011; Rössler et al 2007; Stefanis et al 

2004). One factor that exacerbates psychotic symptoms is cannabis use (e.g. van Os et al 

2002). The nature of the relationship between cannabis and psychotic experiences is still a 

matter of debate. It has been hypothesized that the relationship could be based on recency of 

use (e.g. Hides et al 2009), dose-response (e.g. Ruiz-Veguilla et al 2013), or against a 

backdrop of other psychosis risk factors such as childhood trauma (e.g. Alemany et al 2014). 

Given that the factors which lead to psychotic disorders are complex, the likelihood is 

multiple biological and environmental factors also interact with cannabis use to lead to 

psychotic-like experiences.  

 

There is growing interest in the experiences people have after using cannabis (e.g. Mason et 

al 2008; Davidson and Schenk 1994). In particular, it has been reported that those who score 

highly on schizotypy are more likely to report psychotic-like experiences as well as increased 

after (or persisting) effects once the cannabis high has abated (Barkus and Lewis 2008; 

Stirling et al 2008; Verdoux et al 2003). Schizotypal traits and a gene coding for an enzyme 

involved in the breakdown of dopamine, are both reported to mediate experiences after delta-

9-tetrahydrocannabinol (∆-9-THC; the psychomimetic compound in cannabis) administration 
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of  (Henquet et al 2006). However, these factors do not fully explain the variability in the 

experiences people report after cannabis use. This suggests other factors are involved in 

determining whether people have psychotic-like experiences after cannabis. 

 

High schizotypes have similar cognitive deficits to those reported in patients with 

schizophrenia, although to a lesser degree (e.g. Brown and Cohen 2010; Johnson et al 2003; 

Suhr and Spitznagel 2001; Lenzenweger and Gold 2000). Additionally, schizotypal traits in 

relatives of patients with schizophrenia (aged during the risk period for developing psychosis) 

are related to cognitive deficits (Diwadkar et al 2006). Cognitive deficits are also associated 

with continued cannabis use in recreational and heavy users (e.g. Solowij et al 2002; 

Indlekofer et al 2009; McHale and Hunt 2008). Some authors have even suggested that the 

cognitive deficits in long term heavy cannabis users are an endophenotype for the deficits in 

patients with schizophrenia (Solowij and Michie 2007). Taken together these data suggest 

inefficient information processing is associated with both schizotypy and cannabis use (also 

see Mass et al 2001). Therefore, it may be that cognitive performance represents an additional 

factor involved in elevating the likelihood of psychotic experiences after cannabis. 

 

In the current study, we recruited participants on the basis that they scored above the mean on 

the Psychosis-Dysphoric immediate subscale from the Cannabis Experiences Questionnaire 

(CEQ; Barkus et al 2006; Barkus and Lewis 2008; Stirling et al 2008). This measure was 

developed to systematically record the experiences people have had after smoking cannabis 

recreationally. We hypothesized that:-  
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1) Those who reported more frequent psychotic/dysphoric experiences after cannabis 

would score higher on schizotypy and the after effects from cannabis when compared 

to those who have primarily euphoric experiences.  

2) Those with psychotic/dysphoric experiences after cannabis will perform worse on 

measures of memory, learning and attention than those who have primarily euphoric 

experiences.   

 

Method: 

Participants 

On the basis of the scores provided on the Euphoric and Psychosis-Dysphoric immediate 

experiences subscales from the CEQ (Barkus and Lewis 2008) participants were contacted 

for further testing. Participants were then selected into the Psychosis-Dysphoric group (High 

PD from here on) if they scored above the mean of 41. Participants were included in the 

Euphoric group (Control Group from here on) if they scored above the mean of 35 on the 

Euphoric experiences subscale and below 41 on the Psychosis-Dysphoric subscale. This 

method of group selection meant that the two groups only differed in whether they had 

psychosis/dysphoric experiences after cannabis (rather than having a control group who 

simply reported few to no subjective changes after cannabis). 

 

In total 76 participants completed the neurocognitive assessment. There were 40 participants 

in the High PD group (45% male; mean age (SD)=26 (5) years) and 36 in the Control group 

(44% male; mean age (SD)=28 (9) years).  
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Materials 

Questionnaires 

 

1. The development and properties of the CEQ have been described in detail elsewhere 

(e.g. Barkus et al 2006; Barkus and Lewis 2008). In brief, the CEQ captures both the 

immediate experiences which people have had with cannabis as well as the persisting 

after effects. The immediate experiences are considered those associated with the 

‘high’ of cannabis. The Barkus and Lewis (2008) subscales for the CEQ produced two 

immediate experiences subscales of Psychosis-Dysphoric (e.g. Auditory 

hallucinations, Depressed, Disturbed in your thinking) and Euphoric (e.g. Being 

relaxed,  Energized, Laid Back) experiences. The CEQ defines after effects as those 

subjective experiences attributed to cannabis use that occur once the high has abated 

and can last up to three days after having smoked cannabis. The after effects are 

separated into Amotivational (e.g. Have reduced attention, Slowing of time) and 

Psychosis-like After Effects (e.g. Paranoid without reason; Cannot remember events). 

Participants respond on a likert scale according to the frequency with which they have 

had the experiences listed. The CEQ also captures substance use in a structured 

format asking about current/past status, age of first use, frequency of use, and time of 

day used. 

2. The Schizotypal Personality Questionnaire (SPQ; Raine 1991) is a standard measure 

of schizotypy containing 74-items based on the DSM-III-R criteria for schizotypal 
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personality disorder (Raine, 1991). Participants respond Yes or No according to 

whether they endorse a behaviour or experience described. Items are summed into a 

total score and three dimensions: Cognitive Perceptual, Interpersonal and 

Disorganisation.  

 

Neurocognitive Testing 

1) Participants completed a number of neurocognitive tasks: National Adult Reading 

Test (NART; Nelson, 1982) was used to determine verbal intelligence. Participants 

read aloud the standardized list of atypically spelt words. The outcome variables were 

the number of errors made. 

2) Trails A and B were used to capture basic processing speed. In Trails A participants 

used a pen to join dots which had been labelled in number order. Whilst for Trails B 

the dots were labelled with both numbers and letters, and participants needed to 

alternate between a letter and a number whilst maintaining sequential order. The time 

taken to complete each trail was taken as the outcome variable.   

3) Verbal Fluency was assessed using letter fluency (with the letters F, A, and S), 

category verbal fluency and then a category switching task. In all instances 

participants were asked to verbalise as many words they could come up with in one 

minute for the relevant letter or category. 

4) nback (e.g. Callicot et al 1998) was used as a measure of working memory. Outcome 

variables were correct responses, reaction time, errors and reaction time errors over 

the three levels of difficulty.  
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5) Treasure Chests Spatial Working Memory (SWM; Smallman et al 2009) captured 

spatial working memory. An overall error score, number of choices and completion 

time were the main outcome variables for the three levels of difficulty of the task 

(four chests, six chests, eight chests). 

6) AX-BY Continuous Performance Task (CPT; e.g. Frank et al 2007) was used as a 

measure of attention, the task was designed with sufficient difficulty that healthy 

volunteers would make errors on this task. The main outcome variables were correct 

responses to the four types of stimuli (AX, AY, BX, BY) and correct answer response 

time. In this task, letters appear one at a time in the middle of the screen. The letters 

are capitalised A’s, X’s, B’s and Y’s. Participants were told to respond to letters with 

a right mouse click, except when a letter X had been preceded by a letter A and then 

the response was a left mouse click. To increase the difficulty of the task on some 

trials lower case letters appeared in between the upper case letters, participants were 

asked to ignore these and make no response. 

7) Spatial Trial and Error Learning Task (T&E; e.g. Mehta et al 2005) was used to 

measure non-verbal learning. The number of correct responses and response time for 

correct answers of the two types of stimuli (Pairs and Non-Pairs) were used as the 

main outcomes over five sections of the timeline of the task. 

 

Procedure 

The project had ethical approval through South London and Maudsley NHS Ethics 

Committee as part of a larger project exploring neurocognitive, neurological, psychological 
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and genetic factors associated with schizophrenia. Participants were compensated for their 

time. 

 

Participants were initially contacted using email. Once they indicated an interest in taking 

part, participants were sent the initial questionnaires either electronically or in pen-and-paper 

format. Participants’ scores on the Euphoric and Psychosis-Dysphoric subscales from the 

CEQ were examined to determine eligibility.  

 

Suitable participants were emailed and a time was arranged for them to come into the Centre 

for Neuroimaging Sciences, Institute of Psychiatry to complete the neurocognitive testing in a 

quiet environment. Participants were screened using the Mini International Neuropsychiatric 

Interview (MINI; Sheehan et al 1997) to ensure they were not currently being treated for or 

displaying psychiatric symptoms.  Task order was randomised across all participants.  

 

Statistical Analysis 

All statistical analysis was performed in Statistical Package for Social Sciences (SPSS) 

version 15. Many of the variables did not conform to a normal distribution. Therefore they 

were transformed using either a log or square root transformation. Untransformed and 

transformed data skewness and kurtosis values were then compared to determine whether 

there was a significant improvement in the data. If no improvement was achieved for ease of 

interpretation, untransformed data were used in the analysis, since parametric analyses are 

sufficiently robust to cope with minor violations of normality. Independent t-tests and 
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ANOVAs were used to compare the groups of participants on their patterns of cannabis use 

and experiences after cannabis. Given that many of the tasks had multiple levels of 

difficulties, repeated measures ANOVAs were primarily used. Independent t-tests were used 

post hoc to determine where significant differences lay and also when the dependent variable 

only contained a single level. For all ANOVA results Greenhouse-Geisser corrected F values 

and degrees of freedom were used to correct for violations of sphericity. Data was not 

available for all participants on all tasks therefore sample sizes are given for each analysis. 

 

Results: 

In the interests of space descriptive statistics will only be presented for significant results.  

 

1. Participants 

The demographic characteristics and the questionnaire scores for the two groups of 

participants are displayed in Table 1. 

 

INSERT TABLE 1 ABOUT HERE. 

 

The two groups of participants did not differ on demographic variables, NART errors, 

processing speed, or verbal fluency. 

 

i. Patterns of Substance use 
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There was no association between CEQ group and the patterns of cannabis use; this meant 

the groups were matched on the basis of frequency of use, past/current cannabis users, time 

of day used and age of first use. There was a trend for participants in the High PD group not 

to have drunk alcohol (χ2=3.08, df=1, Fisher’s exact correction p=0.07). The four people who 

had not used alcohol were all in the High PD group. There were no significant differences 

between the two groups in terms of their exposure to recreational drugs. Given the trends on 

alcohol use we examined whether there was any association between the groups and current 

or past alcohol use; there was none. Since there were no group differences on recreational 

drug exposure Table 2 present this data for the sample as a whole. 

 

INSERT TABLE 2 ABOUT HERE. 

2. Questionnaires 

 

i. SPQ Scores 

There were no differences between the High PD group and controls on the SPQ dimensions 

or total score.  

 

ii. CEQ Subscales 

Next the group differences on the CEQ dimensions were examined. The two groups did not 

differ for Euphoric experiences (p=0.115). The High PD group had significantly higher 

scores on the immediate Paranoid-Dysphoric Experiences (t(66.88)=9.89, p<0.001), 

Amotivational After Effects (t(74)=3.86, p<0.001) and Psychosis After Effects 
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(t(60.31)=5.49, p<0.001) when compared to the Controls. Therefore the two groups were 

equally likely to have euphoric experiences after cannabis but the High PD group were 

significantly more sensitive to the immediate psychotogenic effects of cannabis and after 

effects from cannabis use.   

 

3. Neurocognition 

i. Treasure Chests SWM  

Error Rates 

Main Effects of Task 

An overall error score was calculated, combining both within and between search errors. 

There was no main effect of group on the number of errors. There was a significant effect of 

level of difficulty (F(1.19, 86.97)=32.25, p<0.001), with the most errors being recorded on 

the eight treasure chests (mean=2.58, SD=3.52), fewest in the four chests (mean=0.11, 

SD=0.36) and six chests was an intermediary condition (mean=0.79, SD=1.39).  

 

Effects of Participant Group 

There was no significant interaction between participant group and level of difficulty for the 

errors participants made.   

 

Completion Times 

Main Effect of Task 
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For completion time there was a significant main effect of the levels of difficulty of the task 

(F(1.37, 100.04)=448.62, p<0.001; means (SD) Four chests: 1.21 (0.16) mins; Six chests: 

1.47 (0.08) mins; Eight chests: 1.68 (0.09) mins).  

 

Effects of Participant Groups 

There were no main effects or interactions with participant group. 

 

Number of Choices 

Main Effect of Task 

The number of ‘clicks’ or choices participants made when searching for the coins are shown 

in Table 3. There was a main effect of difficulty (F(1.21, 88.15)=227.79, p<0.001), with the 

number of choices increasing in a linear fashion with task difficulty.  

 

Effects of Participant Groups 

There was also an interaction between participant group and level of difficulty (F(1.21, 

88.15)=2.91, p=0.04). At the Six Treasure Chests level the High PD group reported 

significantly fewer choices compared to the Controls (t(73)=3.28, p=0.002). 

 

INSERT TABLE 3 ABOUT HERE. 

ii. Nback 
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The descriptive statistics for significant analyses are displayed in Table 3.  There were no 

group differences on the correct responses for the attention level, therefore this was not 

included as a covariate in subsequent analysis.  

 

Main Effect of Task 

The significant effects were for level of task difficulty with fewer correct responses (F(1.71, 

121.52)=70.36, p<0.001), increasing reaction times (F(1.81, 128.70)=69.44, p<0.001) and 

increasing errors (F(1.67, 118.75)=84.15, p<0.001) related to increasing task difficulty. 

 

Effects of Participant Group 

 

There were no significant main effects or interactions with participant group. However, there 

was a trend for the High PD group (mean=459.29, sd=91.40) to have longer reaction times 

than Controls (mean=425.02, sd=69.05) on the attention block of the task (t(71)=1.79, 

p=0.078). 

 

iii. AX-BY CPT Task  

A multiple level repeated measures ANOVA was used to examine the effects of group on the 

AX-BY CPT (n=57). There were two within subject variables, four levels of stimuli (AX, 

AY, BX and BY) and two levels of distracter (Present and absent), the participant group was 

the between subject variable for both the accuracy and reaction time data.  
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Accuracy 

The estimated marginal means (and standard errors) for the number of correct responses are 

presented in Figure 1. 

 

Main Effect of Task 

There was a significant effect of stimuli but this is driven by the number of each type of 

stimuli (F(3,165)=172.25, p<0.001; means not reported).  The task altered participants’ 

responding with distracters significantly decreasing accuracy (Distracters: 10.90 (0.35); Non-

distracters: 11.14 (0.33); F(1,55)=28.82, p<0.001), and the distracters had a more significant 

effect on the AX and BX stimuli (F(3, 63.61)=11.13, p=0.001).  

 

Effects of Participant Groups 

There was no main effect of participant group; nor was the interaction between participant 

group and stimuli significant. There was an interaction between participant group and 

distracter (F(1,55)=4.70, p=0.034, Figure 1A), whereby the distracters have a more 

detrimental effect on performance in the High PD group.  

 

There was also a three way interaction between participant group, Stimuli and Group (F(1.16, 

63.61)=4.76, p=0.028, Figure 1B). There was a greater effect of distracters on the AX stimuli 

in the High PD group.  

 

INSERT FIGURE 1 ABOUT HERE. 
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Reaction Time 

In Table 4 the estimated marginal means (standard errors) are shown for the reaction time 

data from the AX-BY CPT. 

 

Main effects of Task 

There were significant effects of stimuli being longest for BX stimuli and shortest for the BY 

stimuli (F(2.44, 134.40)=47.96, p<0.001; AX: 539.02 (15.95); BY: 508.77 (15.84); BX: 

685.48 (23.71); AY: 586.43 (18.80)). The presence of distracters led to significantly longer 

reaction times than when they were not present (F(1, 55)=5.45, p=0.023; Distracter: 591.87 

(14.11); No Distracter: 567.99 (17.03)). 

 

Effects of Participant Groups 

There was no main effect or interactions with participant group on reaction time.  

 

iv. Trial and Error Task 

For the trial and error task, a repeated measures ANOVA was used with two within subject 

variables: 5 levels of task block (to examine effects of learning) and two levels of stimuli 

type, either pair or non-pair. Estimated marginal means and standard errors are reported.  

 

Accuracy 

Main Effect of Task 

This article is protected by copyright. All rights reserved.



Cannabis experiences and cognition. 

There were significant effects of the task with participants learning over the course of the five 

blocks (Block1: 0.54 (0.01); Block 2: 0.58 (0.01); 0.61 (0.02); Block 4: 0.65 (0.02); Block 5: 

0.64 (0.02); F(3.48, 257.69)=14.81, p<0.001), overall participants learnt to identify the pairs 

(0.66 (0.01)) better than the non-pairs (0.55 (0.02); F(1.00, 74.00)=44.45, p<0.001) and an 

interaction between learning over the five blocks and the type of stimuli (F(2.62, 

195.23)=14.95, p<0.001), the rate of learning for the non-pairs (Block1: 0.42 (0.02); Block 2: 

0.50 (0.02); 0.56 (0.03); Block 4: 0.69 (0.02); Block 5: 0.58 (0.03)) appears to be more 

consistent than the pairs (Block1: 0.68 (0.02); Block 2: 0.65 (0.02); 0.67 (0.02); Block 4: 0.60 

(0.03); Block 5: 0.71 (0.02)).  

 

Effects of Participant Group 

For the total number correct there were no effects or interactions with participant group.  

 

Response Time 

Main Effect of Task 

For the reaction time similarly, there were significant effects of task block (F(1.27, 

93.84)=22.89), type of stimuli (F(1.00, 74.00)=5.60, p=0.012 and an interaction between 

learning over the five blocks and the type of stimuli (F(1.29, 95.09)=15.47, p<0.001).  

 

Effects of Participant Groups 

However, there were also significant effects of the participant group (F(1,74)=7.56, p=0.035) 

and an interaction between task block and group (F(1.27, 93.84)=2.92, p=0.012) (see Figures 
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2a and 2b). Follow up t-tests demonstrated that there were significant differences between the 

two groups at all and between blocks (p values between 0.029 and 0.05) with the exception of 

Blocks 3 and 5 for Pairs and Block 5 for Non-Pairs. The High PD group were consistently 

faster at responding to the task. 

 

INSERT FIGURES 2 A AND B ABOUT HERE. 

 

Discussion: 

This paper asks whether cognitive factors differentiate between people who have psychotic-

like experiences after cannabis compared from those who have primarily euphoric 

experiences. We hypothesised that those who reported psychotic-like experiences after 

cannabis would have reduced cognitive performance. However, the results were much more 

subtle than we first supposed. Indeed on the measure of spatial working memory, those with 

psychotic-like experiences appeared to have a more efficient way of completing the medium 

difficulty level of the task; although on examination of the means, despite not being 

significant, they required more selections for the easiest and most challenging levels. On 

response times those with psychosis/dysphoric experiences after cannabis had shorter 

response times on the trial and error learning task. Further, on the CPT, those with 

psychosis/dysphoric experiences were significantly more perturbed by the presence of the 

distracters in regards to their accuracy.  
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There were no significant differences between the two groups on the schizotypy measure 

included. This may seem surprising, however, previous studies (e.g. Barkus and Lewis 2008) 

report that higher schizotypy scores are associated with elevated scores on both Euphoric and 

Psychosis-Dysphoric subscales from the CEQ. This would point to those scoring higher on 

schizotypy as being more sensitive to cannabis rather than necessarily just prone to the 

psychotogenic effects of the drug. Consequently, participant selection which emphasized 

reporting euphoric experiences for the control group may have led to some individuals who 

score higher on schizotypy in the controls. By contrast had we selected control participants 

who reported few subjective effects after cannabis, there may have been greater separation on 

schizotypy scores. However, it does appear that those who experience Psychosis-Dysphoric 

immediate effects also report more after effects from cannabis use; not just a persistence in 

the psychosis-like experiences but also the reduced motivation and lack of attention typically 

characterising the amotivational state. The significance of after effects from cannabis use is 

worthy of further investigation. The groups also did not differ significantly on demographic, 

verbal intelligence, verbal fluency or processing speed. This suggests deficits in these basic 

cognitive capacities cannot explain the other cognitive differences reported.  

 

This paper demonstrates that it is possible to specifically select a group of people who display 

a propensity towards psychosis/dysphoric experiences after cannabis and differentiate them 

from those who experience primarily euphoric effects on aspects of cognitive performance. 

There were no differences between our two groups in exposure to other recreational drugs, 

intelligence or processing speed. Using the CEQ, we ask participants to report the 
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experiences they specifically attribute to their cannabis use. Of course it is not possible to rule 

out multiple recreational drugs being consumed in one session. However, the questionnaire 

asks how frequently they have the experiences when using cannabis specifically. Therefore 

high scores reflect experiences which occur regularly when using cannabis. Those who had 

the psychosis/dysphoric experiences after cannabis reported poorer performance when faced 

with additional cognitive load and faster response times during trial and error learning. The 

shorter response times in the trial and error task may be related to the ambiguous nature of 

the task. It has been demonstrated that under conditions of uncertainty, otherwise healthy 

individuals with a propensity for unusual thoughts and beliefs demonstrate data gathering 

biases which mean they make decisions more rapidly (Menon et al 2013; Zawadzki et al 

2012; Freeman et al 2008). 

 

Previous research has reported that regular cannabis users activate brain regions used for 

attentional or executive control even whilst completing only a relatively simple visuomotor 

task (King et al 2011).  This suggests relative inefficiency in the processing of visual 

information. Those who report the psychosis/dysphoric experiences seem to display a 

hypersensitivity to the effects of cannabis. Consequently they may be more sensitive to the 

detrimental effects of cannabis use on cognitive performance. A complementary hypothesis, 

and that postulated here, is that inefficient cognitive processes are part of the phenotype 

which predisposes people to psychosis/dysphoric experiences after cannabis. The cannabis 

use therefore perturbs an already inefficient system reducing performance further.  The 

primary psychoactive ingredient in cannabis ∆-9-THC has been associated with reduced 
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cognitive performance in healthy volunteers when administered acutely (Englund et al 2013; 

Morrison et al 2009; D’Souza et al 2008; Ranganathan and D'Souza 2006; D'Souza et al 

2004). The reduced cognitive performance has been reported to be further exacerbated by 

pre-treatment with haloperidol, a potent dopamine antagonist (D’Souza et al 2008). The role 

of dopamine receptor 1 (DR1) in working memory has been well documented (e.g. 

Sawaguchi and Goldman-Rakic 1991) and holds relevance for the continuous performance 

task performance here. In humans, administration of ∆-9-THC has been shown to lead to 

increased dopamine release in some (e.g. Bossong et al 2009) but not all studies (Barkus et al 

2011; Stokes et al 2009). Additionally, many of the ∆-9-THC studies cited report no 

relationship between the psychotomimetic effects of ∆-9-THC and reduced cognition 

performance, nor consistently report links between dopamine release and psychotic 

experiences. Therefore the relationship between ∆-9-THC and dopamine does not appear to 

be straight forward, making it difficult to draw conclusions concerning the neuromodulator 

vulnerabilities in those who report psychosis/dysphoric experiences after cannabis. Dopamine 

pathways do look like an attractive mechanism. However, to date the evidence for a 

relationship between ∆-9-THC and dopamine release, and their subsequent relationship to 

cognitive deficits, are poorly understood.  

 

That we can move from these differences in cognitive performance to experiences reported 

after cannabis does have some precedent in the literature. Recently, Atakan et al (2013) 

reported that healthy volunteers who reported psychotic-like experiences after ∆-9-THC 

administration, demonstrated reduced performance on an inhibition task as well as a 
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differential functional imaging signature in the parahippocampal gyrus, left and right middle 

temporal gyri and right cerebellum. From a neuroanatomical perspective, methamphetamine 

sensitisation in rodents has been reported to increase the number of high affinity DR1 and 

DR2 (Shuto et al 2008). Therefore, it is possible that repeated use of cannabis in humans may 

lead to similar neuroanatomical changes (although see Albrecht et al 2013). Given the 

complex interactions between the cannabinoid and dopamine systems, where modulation of 

one can take place through activation of the other (Rodríguez De Fonseca et al 2001), 

whether sensitising effects of cannabis are on the dopamine or cannabinoid system may 

become a moot point (see Gorriti et al 1999). However, the identification of the beginning of 

the cascade of neurobiological events which underpin cannabis-induced psychosis would 

assist in determining targeted pharmacological treatments as well as, perhaps, differentiate 

these patients from others who carry the label of a psychotic disorder.  

 

There are a number of limitations to the current study. The sample size is relatively small 

given that we would not expect effect sizes to be large within this area. This could have 

accounted for the lack of significant differences between the two groups. Although there were 

no significant differences between the two groups for demographic variables such as sex and 

age, we know that these can have effects on cognitive performance. To date we have not 

found biological reasons why sex would lead to differences in the experiences people report 

after cannabis. However, it is possible that sex may still have been a confounding variable 

which we need to consider as a covariate in future studies. The links between cannabis 

experiences and the neurobiological underpinnings presented in the discussion are purely 
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speculative. Whilst there are documented links between certain neurocognitive processes and 

neurotransmission, the neurobiological effects of cannabis are still a matter of debate. 

Consequently we can only surmise on the basis of existing evidence what the mechanism 

may be which underpins individual differences in the subjective experiences after cannabis.  

 

This paper presented data which suggests that individual variation in responses after cannabis 

may be mediated by both cognitive, and ultimately, biologically meaningful individual 

differences. Particularly in the domains of sustained attention, under conditions where the 

cognitive load is increased. The measurement of individual differences in responses to 

cannabis provides a window into other subtle differences in cognitive performance which, in 

turn, are linked to neurobiological systems implicated in schizophrenia. The results presented 

here require replication in a larger sample. However, there is an accumulation of evidence 

that individual responses to cannabis are informative. Future studies should also consider 

using an additional group of participants who report few if any subjective effects after 

smoking cannabis to determine whether these individuals are a distinct cluster.  
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Table 1: Descriptive characteristics for participants groups (%, means (SDs)). 
 High PD (n=40) Controls (n=36) 
Demographics 
Age (years) 
Sex 
Age of first cannabis use (years) 

 
26.25 (5.21) 
55% female 
16.05 (2.88) 

 
28.08 (8.62) 
56% female 
16.08 (2.03) 

Relationship Status 
Single 
Steady Relationship 
Married/living with someone 
Widowed 

 
45% 
45% 
10% 

- 

 
61% 
22% 
14% 
3% 

Employment 
Student 
Part time employed 
Full time employed 
Self employed 
Unemployed 

 
23% 
8% 

48% 
8% 
15% 

 
33% 
8% 

36% 
7% 
17% 

Cannabis Use Status 
Current user 
Past user 

 
43% 
58% 

 
54% 
46% 

Frequency of Cannabis use 
Everyday 
More than once a week 
About once a week 
About once or twice a month 
A few times a year 
About once a year 
Only once or twice 

 
31% 
17% 
6% 

17% 
17% 
7% 
3% 

 
24% 
33% 
9% 

15% 
9% 
6% 
3% 

Social Context of most use 
Socially 
On own 
Other 

 
85% 
15% 

- 

 
81% 
14% 
6% 

Time of day of use 
During the day 
During the evening 
Frequently during the day and evening 

 
- 

85% 
15% 

 
6% 

86% 
8% 

Amount spent on cannabis per week 
Less than £2.50 
£2.50-£5 
£5-£10 
£10-£15 
£15-£20 
Above £20 

 
48% 
10% 
15% 
5% 

10% 
13% 

 
42% 
11% 
19% 
3% 

19% 
7% 

Cannabis Experiences Questionnaire (CEQ) 
Euphoric 
Paranoid-Dysphoric*** 
Amotivational After Effects*** 
Psychosis-like After Effects*** 

 
42.63(9.78) 

59.08 (12.12) 
19.60 (6.13) 
8.98 (3.11) 

 
39.25 (8.56) 
36.25 (7.71) 
14.36 (5.63) 
5.89 (1.63) 
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Schizotypal Personality Questionnaire (SPQ) 
Cognitive Perceptual 
Interpersonal 
Disorganisation 
Total 

 
11.15 (8.27) 
11.68 (8.22) 

6 (3.90) 
26.10 (14.84) 

 
10.50 (11.74) 
10.94 (9.79) 
6.11 (4.83) 

22.11(22.54) 
***p<0.001 
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Table 2: The use of other recreational drugs, alcohol and nicotine in the whole sample 
(N=76). 
 

 
Drug 

 
Age first 

used 
mean 
(SD) 

 

 
Ever 

used (%) 

 
Current 

users (%) 

 
Frequency of use (%) 

 
When used (%) 

Alcohol 14 (2) 
years 

95 94 Everyday 
More than once a week 
Few times each week 

7 
63 
31 

Evening 
Day&Evening 

61 
39 

Mushrooms 19 (3) 
years 

32 17 Few times each week 
Few times each year 
Only once or twice 

4 
21 
75 

Daytime 
Evening 

Day&Evening 
 

18 
50 
31 

Nicotine 16 (3) 
years 

71 43 Everyday 
More than once a week 
Few times each week 
Few times each year 
Only once or twice 

52 
19 
11 
11 
7 

 
Evening 

Day&Evening 

 
33 
65 

Cocaine 21(5) 
years 

50 24 More than once a week 
Few times each week 
Few times each year 
Only once or twice 
 

3 
16 
55 
26 

 
Daytime 
Evening 

Day&Evening 
 

 
30 
44 
12 

Ecstasy 21 (6) 
years 

41 38 More than once a week 
Few times each week 
Few times each year 
Only once or twice 
 

3 
10 
66 
21 

 
Evening 

Day&Evening 

 
82 
18 

Amphetamine 18 (3) 
years 

20 0 Few times each week 
Few times each year 
Only once or twice 

8 
15 
77 

 
Evening 

Day&Evening 
 

 
69 
31 

MDMA 17 (7) 
years 

15 64 More than once a week 
Few times each week 
Few times each year 
Only once or twice 
 

9 
27 
46 
18 

 
Evening 

Day&Evening 

 
60 
40 

Ketamine 20 (3) 
years 

15 18 Few times each year 
Only once or twice 
 

18 
82 

Daytime 
Evening 

Day&Evening 
 

9 
72 
18 

LSD 18 (3) 
years 

13 21 Few times each week 
Few times each year 
Only once or twice 
 

7 
43 
50 

 
Evening 

Day&Evening 

 
36 
64 

Opium 24 (11) 
years 

4 33 More than once a week 
Only once or twice 
 

33 
67 

Daytime 
Day&Evening 

 

33 
67 
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Table 3: The significant effects for the number of choices the participants made on the SWM 
task and outcomes for nback. 
 
SWM - Choices Four Chests mean 

(standard deviation) 
Six Chests* mean 

(standard deviation) 
Eight Chests mean 

(standard deviation) 
High PD (n=40) 7.29 (1.05) 14.24 (1.89) 17.78 (5.53) 
Controls (n=35) 7.15 (0.66) 15.50 (1.35) 16.69 (4.31) 
Total Sample** 7.23 (0.89) 14.83 (1.77) 17.27 (5.00) 
    
Nback One back Two back Three back 
Correct response** 8.84 (0.53) 8.33 (1.01) 7.07 (1.44) 
Correct response RT 
(ms)** 

499.34 (86.61) 595.74 (134.16) 676.17 (157.24) 

Number of Errors** 0.29 (0.79) 1.03 (1.63) 2.88 (2.10) 
Key: RT: Reaction time; * High PD and Controls differ significant at p<0.05;** Main effect 
of task difficulty p<0.001. 
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Figure 2a: The response time for High PDs and Controls for the Correctly identified Pairs.  
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Figure 2b: The response time for High PDs and Controls for the Correctly identified Non-
Pairs.  
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