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Aberrant salience processing may underlie the link between cannabis and psychosis, as posited in individuals
with schizophrenia or high schizotypy. We investigated the relative effects of cannabis use, schizotypy status, and
self-reported aberrant salience experiences on salience processing, measured using a latent inhibition (LI) task
(Granger et al., 2016), in a non-clinical population.

A university sample of 346 participants completed the Schizotypal Personality Questionnaire (SPQ), Aberrant
Salience Inventory (ASI) the modified Cannabis Experience Questionnaire (CEQmv) and the LI task. Regression
models and parallel (Bayesian and frequentist) t-tests or ANOVA (or non-parametric equivalents) examined
differences in LI based on lifetime or current cannabis use (frequent use during previous year), as well as fre-
quency of use. Mann-Whitney U tests assessed differences in SPQ and ASI scores based on current cannabis use.

Neither lifetime nor current cannabis use was associated with significant change in LI scores. Current cannabis
use was associated with both higher ‘Disorganised’ and ‘Cognitive-perceptual’ SPQ dimension scores and higher
total and sub-scale ASI scores. No association was observed between LI score and SPQ total and dimension scores.
Higher scores on ‘Senses sharpening’ and the ‘Heightened cognition’ ASI subscales predicted decreased LI scores.
These data support previous findings of no association between cannabis use and abnormality in other asso-
ciative learning tasks in young non-clinical populations, and elaborate the previously demonstrated association
between self-reported cannabis use, schizotypy and aberrant salience. The association between dimensions of ASI
and LI performance suggests this task may have potential as an experimental measure of aberrant salience.

1. Introduction

The legalization of recreational cannabis use is associated with an
increase in both consumption as well as risk of cannabis-use disorder in
adolescents and adults (Cerda et al., 2020). Early research found
cannabis use to be an independent risk factor for the development of
schizophrenia, allowing for psychiatric and substance use comorbidity
(Andréasson et al., 1987; Zammit et al., 2002). A variety of studies have
subsequently supported an association between cannabis use and the
development of schizophrenia, with cannabis use in adolescents having
a particular impact on cortical development in males with genotypical
susceptibility to schizophrenia (French et al., 2015; Gage et al., 2017;
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Vaucher et al., 2018).

Schizotypy is a continuum of personality characteristics and expe-
riences, ranging from normal dissociative states to extreme mental states
related to psychosis that can extend to a clinical diagnosis of schizo-
phrenia. Schizotypy is useful in the study of schizophrenia spectrum
disorders as it can provide a framework upon which the etiological and
developmental pathways to schizophrenia spectrum disorders can be
tracked and dissected (Kwapil & Barrantes-Vidal, 2015; Barrantes-Vidal
et al., 2015). Both schizotypy and schizophrenia comprise a similar
multi-dimensional structure, with much evidence converging on the
presence of three dimensions: positive, negative, and disorganised
(Raine et al., 1994; Nelson et al., 2013). The cognitive deficits associated
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with schizotypy are also well-recognised, and include difficulties in se-
lective and sustained attention, incidental learning, and memory
(Ettinger et al., 2015).

An explanation for the effect of schizotypy on cognition can be
developed from the aberrant salience hypothesis of schizophrenia,
which postulates that an imbalance of dopamine levels in the dopamine
receptor-associated salience network is associated with inappropriate
allocation of salience to all stimuli. This then leads to the emergence of
psychotic symptoms, with efficiency of salience processing varying in
relation to the presence of either positive or negative schizophrenia or
schizotypy symptoms (Kapur, 2013; Wijayendran et al., 2018). To this
end, self-reported aberrant salience experiences are associated with
positive schizotypy features, with a negative association between these
experiences and negative schizotypy features (Chun et al., 2020).

Aberrant salience has been described as an inability to selectively
attend to certain environmental stimuli while ignoring others (Chun
et al., 2020), these processes can be assessed using tasks which measure
latent inhibition (LI). This is an associative learning phenomenon in
which pre-exposing a stimulus without consequence delays subsequent
learning to the same stimulus when it is subsequently established as a
predictor of an outcome. LI can reflect the ability to selectively attend to
specific stimuli over others in one's environment (Lubow & Gewirtz,
1995). Atypical LI has been shown to exist in high-schizotypy in-
dividuals, with some studies demonstrating an attenuation of LI in in-
dividuals with schizotypy, particularly those with a greater prevalence
of positive features (Evans et al., 2007; Granger et al., 2012; Schmidt-
Hansen et al., 2009; Wuthrich and Bates, 2001). Enhanced LI has also
been observed in individuals with elevated levels of schizotypy in a task
explicitly designed to test LI independently of learned irrelevance
(Granger et al., 2016).

Compared to non-users, cannabis users score higher on the Aberrant
Salience Inventory (ASI) a psychometric scale designed to measure
aberrant salience processing (Cicero et al., 2010), with length and fre-
quency of use positively correlated with ASI scores (Bernardini et al.,
2018). O'Tuathaigh et al. (2020) reported that frequent cannabis use
was associated with increased scores across selected positive and dis-
organised dimensions using the self-reported Schizotypal Personality
Questionnaire (SPQ, Raine, 1991), as well as increased ASI scores.
Despite these findings, research on cannabis use and aberrant salience is
largely limited to self-report studies, with a specific knowledge gap in
how differing levels of cannabis use affect performance-based measures
of salience processing, such as LI, and how this might relate to levels of
schizotypy in a non-clinical population.

The aim of the current study was to ascertain whether performance
on a LI task was differentially affected by frequency and magnitude of
cannabis use and self-reported aberrant salience experiences, as well as
the extent of schizotypy. It was hypothesised that performance on the LI
task would be altered in relation to frequency of cannabis use. Consistent
with the literature, it was also expected that participants with higher
levels of schizotypy symptoms (particularly those scoring highly on the
Cognitive-Perceptual dimension and related subscales) and greater
reporting of aberrant salience experiences would perform abnormally on
the LI task compared to their lower scoring counterparts. Though there
is conflicting evidence, depending on the task used, as to whether
schizotypy improves or inhibits selective attention (Granger et al.,
2016), it was hypothesised that enhanced LI would be associated with
higher SPQ scores.

2. Methods
2.1. Design and participants

Participants for this study consisted of both undergraduate and
postgraduate students from University College Cork (UCC) and Cork

Institute of Technology (CIT). Participants were recruited from both
institutions via distribution of an email containing brief details of the
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study and a link to both the questionnaire elements, hosted on www.typ
eform.com (Barcelona, Spain), and the LI task, hosted on www.pavlovia.
org (Peirce et al., 2019). All study elements were completed online.
The inclusion criteria for the study were (i) individuals aged between
18 and 55 years old and (ii) from a predominantly English-speaking
location. Participants were excluded if they reported a formal diag-
nosis with a psychiatric illness. All participants were volunteers who
provided informed consent according to procedures approved by the
Social Research Ethics Committee of UCC. All data was collected
anonymously. No incentive was provided for participation in this study.

2.2. Questionnaire measures

Study participants completed several questionnaires to assess their
schizotypy status, aberrant salience experiences and cannabis use his-
tory, in addition to a range of demographic items (age, sex, nationality,
education level).

2.2.1. Schizotypy

Participants' schizotypal symptomology was measured using the
Schizotypal Personality Questionnaire (SPQ; Raine, 1991). This 72-item
measure of the degree to which schizotypal traits are present in in-
dividuals, is for use in healthy populations and for clinical diagnosis of
schizotypal personality disorder. The SPQ identifies nine schizotypal
traits: ideas of reference, odd beliefs/magical thinking, unusual
perceptual experiences, suspiciousness/paranoid ideation, eccentric/
odd behavior and appearance, no close friends, social anxiety, odd
speech, constricted affect. These nine sub-scales load onto three separate
dimensions: Cognitive-perceptual/Positive, Interpersonal, and Dis-
organised (Raine, 1991; Raine et al., 1994).

2.2.2. Aberrant salience

The Aberrant Salience Inventory (ASI) is a 29-item self-report mea-
sure of aberrant salience experiences that generates a five-factor model:
Increased Significance, Senses Sharpening, Impending Understanding,
Heightened Emotionality, and Heightened Cognition (Cicero et al.,
2010). These five factors also make up a single second-order factor,
allowing for the summation of scores from each factor to create the
overall ASI score.

2.2.3. History of cannabis use

The Cannabis Experience Questionnaire modified version (CEQmv;
Di Forti et al., 2009) was used to gauge participants' experiences, both
past and present, with cannabis use. Inclusion of the CEQmv allowed for
the collection of data on age at first use, lifetime cannabis consumption,
current cannabis consumption (defined as frequent use of cannabis
consumption during the previous 12 months), frequency of use, and use
of other substances. Application of this instrument was modelled on that
of O'Tuathaigh et al. (2020), whereby participants were presented with
the following options: (a) lifetime use (“ever vs. never”), (b) current use
(frequent use during previous year, yes/no), or (c) cannabis use fre-
quency (5-level ordinal variable; every day, more than once a week, a
few times each month, a few times each year, only once or twice ever).

2.3. Latent inhibition task

The LI task employed in this study was as described previously by
Granger et al. (2016), specifically the replicated-task condition of
Experiment 2 with adaptation for online delivery; a detailed description
is available in the Supplemental Methods. The task had two stages:
preexposure and test. During the pre-exposure stage the pre-exposed
stimulus (the letter H or the letter S) was presented 20 times among
filler stimuli (letters T,M, D or V), each of which was presented 15 times.
At no point in the pre-exposure phase were the non-pre-exposed stim-
ulus or the target stimulus presented on screen.

The test stage of the experiment maintained the stimulus
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presentation and inter-stimulus interval times as for the pre-exposure
stage. Both the pre-exposed stimulus and the non-pre-exposed stim-
ulus were presented 20 times each, followed immediately by the target
stimulus.

Asin Granger et al. (2016), the target stimulus was the letter “X” and
upon appearance/if participants could predict its appearance they were
instructed to press the spacebar.

LI is demonstrated as slower reaction time on trials with pre-exposed
stimuli compared to trials with non-pre-exposed stimuli.

2.4. Data analysis

The 20 Pre-Exposed (PE) and 20 Non-Pre-Exposed (NPE) trials were
each collapsed into 4 five-trial blocks (i.e. PE Trial Block 1 was the
median of PE trials 1-5). The median was taken as it is more robust
against non-normality. LI was calculated by subtracting NPE scores from
PE scores. Thus, larger values represent a greater magnitude of LI. Total
PE, NPE, and LI variables were also calculated for analysis. Each of these
three variables was non-normally distributed (according to Shapiro-
Wilk tests, all p < 0.001) and was not normalised by either log trans-
formations (all p < 0.001) or removal of outliers. As a result, Mann-
Whitney U tests were used to examine the effects of current cannabis
(Yes/No) on total LI, NPE and PE scores. One-way ANOVAs also exam-
ined the effect of cannabis use frequency (“Only once or twice” to “Every
day”) in the 82 current cannabis users on these three measures. Separate
Linear Mixed-Effect (LME) models were used to examine the effects of
current cannabis use, cannabis use frequency, SPQ scores and ASI score
on the four LI, PE, and NPE trial blocks. ANOVA and LME models were
used despite the non-normality of the data, as these have all been found
to be robust against violations of normality (Schmider et al., 2010;
Schielzeth et al., 2020). Mann-Whitney U tests were also used to assess
differences in SPQ and ASI (also non-normally distributed, each Shapiro-
Wilk test p < 0.001) scores based on current cannabis use.

Due to some critical null findings in the data, a parallel analysis
strategy was applied to the data, in which both frequentist and Bayesian
methods were used. When interpreting Bayes Factors, it should be noted
that they consist of the ratio evidence for the alternative hypothesis
relative to the null hypothesis (BFy(). For example, a BF;y of 5 means
there is 5 times more evidence for the alternate hypothesis relative to the
null. This can be converted into evidence for the null by dividing 1 by the
BF;p (now the BF(;). Common cut-off criteria for BFs are as follows:
values between 3 and 0.333 can be considered to indicate a lack of
sensitivity to detect effects (requiring more data), a BF 3> or <0.333
represents moderate evidence for the alternate and null, respectively,
10> or <0.1 strong evidence, 30> or <0.033 very strong evidence, and
100> or <0.01 decisive evidence.

All data were collated and transferred into R Studio (R Studio Team,
2015). Graphs and figures were created in R Studio using ggplot2
(Wickham, 2016) and plotly (Sievert, 2020). All Bayesian analyses were
conducted in JASP (JASP Team, 2020; https://jasp-stats.org/).

3. Results
3.1. Data cleaning and study demographics

A total of 379 participants took part in this study. Participants were
removed if they failed to complete the LI task (n = 1) or simultaneously
failed to respond to the cannabis use scale, SPQ and ASI questionnaire
(n = 32). Outliers were not removed from the PE and NPE variables due
to the PE cue distribution having a large mass of responses centering
around 1.5 s; likely reflecting most participants responding to (rather
than predicting) the stimulus as expected.

After data cleaning, 346 participants remained in the final sample.
Participants in the final sample had a mean age of 23.9 years (SD = 7.8,
range: 18 to 62 years, 62.1% female), 83.8% identified as Irish/UK na-
tionals, 38.2% had at least an undergraduate level qualification, and
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23.7% (n = 82) reported to currently using cannabis.

Table 1 presents the sociodemographic and cannabis use character-
istics of the study sample. Further drug use patterns are presented in
Supplementary Table 1.

Before investigating predictors of LI performance, we first assessed
whether LI was exhibited in the sample overall. A parallel (frequentist
and Bayesian) within-samples Wilcoxon signed-rank test indicated that
response times to the PE cue (M = 1.351 s, SD = 0.297) were signifi-
cantly slower (p < 0.001, Trank-biserial = 0.641[0.564, 0.7071, BF19 > 999)
than response times to the NPE cue (M = 1.168 s, SD = 0.373), indi-
cating that LI was exhibited in the overall sample. This is corroborated
by a significant main effect of trial block number in LME analyses of LI
(see below), which suggests that levels of LI increased as the test session
progressed.

We also assessed whether sex and education level (graduate educa-
tion vs pre-graduate education) affected LI in the current sample. Results
of this analysis are presented in the Supplementary analysis.

3.2. Cannabis use and LI performance
3.2.1. Overall task performance

3.2.1.1. Current cannabis use. Participants that do not currently use
cannabis (n = 263, M = 194 ms, SD = 319 ms) did not have a signifi-
cantly different total LI score (p = 0.398, r'ank-biseriat = —0.062 [—0.202,
0.081]) than those that do currently use cannabis (n = 82, M = 145 ms,
SD = 272 ms). The Bayesian adaptation suggested there was 6.58-fold
more (‘moderate’) evidence for the null hypothesis (BF;p = 0.152).
Repeating the analysis with the PE (p = 0.099, BF;¢ = 0.266) and NPE (p

Table 1
Characteristics of the sample population (n = 346).
Characteristic n %
Sex
Female 215 (62.1%)
Male 131 (37.9%)
Nationality
Irish/British 290 (83.8%)
Other Europe 26 (7.5%)
North American 14 (4.0%)
Other/not specified 16 (4.7%)
Highest level of education
Secondary level 187 (54.0%)
Post-secondary level 25 (7.2%)
Primary degree 100 (28.9%)
Masters/Doctoral degree 32 (9.2%)
Other/not specified 2 (0.6%)
Family history of mental illness
Yes 134 (38.7%)
No 211 (61.0%)
Not specified 1 (0.3%)
Lifetime cannabis use
Yes 187 (54.0%)
No 158 (45.8%)
Not specified 1 (0.3%)
Current cannabis use
Yes 82 (23.7%)
No 263 (76.2%)
Not specified 1 (0.3%)
Age at first cannabis use
Mean age (SD) 17.6 (2.5)
Range 12-27
Frequency of cannabis use
Every day 11 (3.2%)
Greater than once a week 29 (8.4%)
A few times each month 39 (11.3%)
A few times each year 64 (18.5%)
Only once or twice 47 (13.6%)
Never 155 (44.8%)
Not specified 1 (0.3%)

Figures presented are number (%) unless stated otherwise.
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= 0.111, BFjp = 0.219) variables also suggested the null was also
moderately supported.

3.2.1.2. Frequency. Next, the analysis was repeated with cannabis-use
frequency (five levels from “only once or twice” to “every day”) as the
grouping variable in current cannabis users only (n = 82). For total LI
score, a parallel one-way ANOVA indicated that the main effect of
cannabis use frequency was non-significant at a small size (F(4,77) =
0.305, p = 0.874, nzp = 0.016) and that there was 12.09-fold more ev-
idence for the null model than the current model (BF;¢o = 0.083). This
pattern of results was replicated for the NPE cue (F(4,77) = 0.651, p =
0.628, nzp = 0.033, BFj9 = 0.117), although PE returned trend level
evidence at a medium effect size (F(4,77) = 2.163, p = 0.081, nzp =
0.101). The BF;p suggested data were insensitive to detect an effect
(BF10 = 0.439).

3.2.2. Cannabis use and trial block interaction

3.2.2.1. Cannabis by trial block. The analyses of LI score were repeated
with trial block number (one to four) from the test stage included as an
additional variable. Specifically, this assessed whether cannabis affected
LI (as in the previous analyses) or whether these effects were stronger or
potentially only exhibited at later trial blocks during the test sage, i.e. a
cannabis * trial block interaction. LME models were used rather than
ANOVAs to increase statistical power in the presence of removed data (i.
e. response times >3 s). To assess whether cannabis use affected LI
scores, and response times to the PE and NPE stimuli, increasingly
complex nested models were compared. At each comparison, a signifi-
cant y2 test suggested the more complex model was a better fit to the
data. Akaike Information Criterion (AIC) values are also reported, with
lower values indicating a more parsimonious model. Due to the aim of
this analysis being a model comparison, restricted maximum likelihood
(REML) was not used. Significant fixed effects were determined by using
the anova function from the R Ime4 package and Kenward-Roger de-
grees of freedom approximation.

The first model contained no fixed effects (independent variables)
and predicted LI from only one random effect of participant (random
intercept model). This random intercept model (AIC: 729.43) also allows
estimation of the proportion of variance in trial RTs explained by par-
ticipant's different baseline LI scores, i.e. their personal intercepts. The
analysis found that the random effect of participants explained 35.8% of
the total variance, suggesting substantial individual differences in
baseline LI. Next, this model was compared to a second model also
containing trial block number as a fixed effect (‘main effect’). This
second model was a significantly better fit to the data than the null
model (X2(3) = 13.021, p = 0.005, AIC: 722.45) and explained an
additional 0.78% of the variance (totalling 36.62%). This was supported
by a significant fixed effect of trial block (F(3,1001) = 4.355, p = 0.005)
and suggested the extent of LI differed between trial blocks. Post-hoc t-
tests using the emmeans package (Tukey correction) indicated that Trial
Block 1 was significantly different from all subsequent trial blocks (all p
< 0.042) but all other comparisons were non-significant, suggesting that
maximal levels of LI were achieved at Trial Block 2. Next, a model was
proposed that investigated the potential interaction between current
cannabis use (Yes/No) and trial block number (Fig. 1). This model was
not a significantly better fit to the data than the previous model of trial
block alone (X2(4) = 2.996, p = 0.558, AIC: 727.46) and explained an
additional 0.16% of variance (total 36.80%). Both the fixed effects of
cannabis use (p = 0.386) and the cannabis * trial block interaction were
non-significant (p = 0.526). This suggested that cannabis use did not
affect LI

The analysis was repeated in current cannabis users only (n = 82)
and assessed a potential interaction between cannabis use frequency and
trial block number. The model predicting LI from trial block number was
not significantly better than a random intercept model (y%(3) =0.369, p
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Fig. 1. Difference in mean LI score (ms) across all four trial blocks in relation to
current use (n = 82) and non-use (n = 263) of cannabis. Error bars represent
95% Confidence Intervals from the respective in-text linear mixed-
effects model.

= 0.947, AIC = 91.360) and presented a non-significant fixed effect of
trial block number (F(3,230) = 0.123, p = 0.947); suggesting LI did not
change across trial blocks in contrast to the previous analysis in the total
sample (potentially due to reduced statistical power). Two further
models compared the trial model against a model containing cannabis
use frequency (p = 0.992) and a trial block * frequency interaction (p =
0.222), which were both not a significantly better fit to the data (Fig. 2).
This suggested cannabis use frequency did not affect LI among current
users.

3.3. Schizotypy, aberrant salience and LI task performance

The effect of both schizotypy (SPQ) and aberrant salience (ASI) were
also investigated using LME models. To do so, only participants with
complete data for both these scales were included (n = 328). For LI, a
model containing either SPQ total (Xz(l) = 1.405, p = 0.236, AIC =
714.79) or a SPQ * trial block interaction (x2(4) =2.125,p =0.719, AIC
=720) was not significantly better than the null model of trial block
alone (AIC: 714.2). Further LME models also suggested the Cognitive
Perceptual (p = 0.098), Interpersonal (p = 0.640), and Disorganised
subscales (p = 0.175) presented non-significant fixed effects individu-
ally. However, a model containing ASI as a fixed effect (y>(1) = 5.055, p
= 0.025, AIC = 711.14) but not an ASI * trial block interaction(x2(4) =
5.389, p = 0.250, AIC = 716.81) was significantly better than trial block
alone (AIC: 714.2). The analysis suggested that higher total ASI levels
predicted lower LI across all four trial blocks (Fig. 3). To identify why
this relationship may exist, ASI total score was replaced individually
with each of the five ASI subscales. Of these five additional models,
Heightened Cognition (F(1,325) = 5.541, p = 0.019) and Senses
Sharpening (F(1,328) = 5.315, p = 0.022) presented significant fixed
effects. However, when both these subscales were simultaneously added
into a final model neither returned significant (both p > 0.226), sug-
gesting the predictiveness of the variables was shared.

3.4. Replication analyses

Analyses were conducted to investigate whether our previous finding
of an association between cannabis use and both schizotypy and aber-
rant salience could be replicated; these results, presented in Supple-
mentary analysis, support earlier findings of altered SPQ and ASI scores
in current cannabis users (O'Tuathaigh et al., 2020).



C. Dawes et al.

600

500

400

-100

-200

-300

-400

Schizophrenia Research: Cognition 28 (2022) 100235

Cannabis use
®  Frequency

Only once or twice
@ Afew times each year
@ A few times each month
@ More than once a week
A @ Everyday

Block 1 Block 2

Block

Block 3

Block 4

Fig. 2. Difference in mean LI score (ms) across all four trial blocks in current cannabis users (n = 82) grouped by cannabis use frequency. Error bars represent 95%

Confidence Intervals from the respective in-text linear mixed-effects model.
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Fig. 3. LI score (ms) predicted by total ASI scores across all four trial blocks in
the total sample (n = 346). Error bars represent 95% Confidence Intervals from
the respective in-text linear mixed-effects model.

4. Discussion

The results of this study revealed the presence of LI in this sample,
demonstrated through significantly slower reaction times to the non-
pre-exposed stimulus than the pre-exposed stimulus. Performance on
the LI task was not affected by self-reported lifetime or current cannabis
use, nor was cannabis-use frequency associated with variation in task
performance. Thus, no support was found for the hypothesised cannabis
effects on the constructs under study, apart from the hypothesised (and
previously shown) difference in SPQ and ASI scores between current

cannabis user and non-user participants (see Supplementary analysis).

LI scores (the difference between response times to the PE and NPE
stimuli) for cannabis users and non-users were not significantly
different. Thus, contrary to expectations, cannabis users did not show
abnormality in the LI task. These results are inconsistent with the hy-
pothesis that cannabis users may demonstrate a schizophrenia-like
profile in associative learning tasks (Skosnik et al., 2008; Nestor et al.,
2008; Carey et al., 2015). In general, cognitive deficits, including asso-
ciative learning difficulties, have been linked to specific parameters of
cannabis use, notably earlier onset of use (Ehrenreich et al., 1999; Pope
et al., 2003), longer duration of use (Solowij et al., 2002; Messinis et al.,
2006), and higher frequency of use (Becker et al., 2010). Effects of long-
term use of cannabis are less consistent; some have reported no evidence
for effects of cannabis use (e.g. Kalant, 2004), while others reported
more subtle deficits across various domains of cognition (Block et al.,
2002; Bolla et al., 2002; Eldreth et al., 2004; Grant et al., 2003; Solowij
et al., 2002).

The finding that self-reported cannabis use does not affect LI per-
formance is consistent with our previous study demonstrating no rela-
tionship between history of cannabis use and Kamin blocking (KB),
another associative learning task which measures the effects on current
learning of prior exposure to other learning contingencies (Kamin,
1968). Both phenomena have been shown to be modifiable by phar-
macological induction of hyperdopaminergic function in animals
(O'Tuathaigh et al., 2003; Bay-Richter et al., 2013), and to be disrupted
in patients with schizophrenia and their first-degree relatives (Martins
Serra et al., 2001; Moran et al., 2003, 2008). Alongside our earlier study
measuring KB performance (Dawes et al., 2021), we have now shown no
difference in the magnitude of either effect in non-clinical participants
reporting either lifetime or recent cannabis use. The absence of signifi-
cant differences across using and non-using participants in attentional
salience processing tasks has been reported previously (Kober et al.,
2014; Gruber and Yurgelun-Todd, 2005; Takagi et al., 2014), confirming
observations of selective cognitive dysfunction in long-term cannabis
users and further suggesting that associative salience may be relatively
spared in this non-clinical sample of cannabis-using individuals.
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Aberrant salience has been proposed as a key mechanism in the
emergence of psychotic symptoms and a putative marker of vulnera-
bility to psychosis (Roiser et al., 2013; Winton-Brown et al., 2014; Golay
et al., 2020). Specifically, a breakdown in the ability to detect and
disregard irrelevant stimuli and focus on perceptually and motivation-
ally salient stimuli is hypothesised to underlie the development of psy-
chotic symptoms (Kapur, 2003). Both patients with schizophrenia and
individuals at ultra-high-risk (UHR) for psychosis demonstrate deficits
in the Salience Attribution Test, which assesses behavioural responses to
task-relevant (adaptive salience) and task-irrelevant (aberrant salience)
stimuli (Schmidt et al., 2017; Wilson et al., 2019). This is accompanied
by a comparably high subjective experience of aberrant salience, as
measured using the self-report ASI, in both UHR and first-episode psy-
chosis patients (Poletti et al., 2021). In a complementary manner,
disruption of LI has also been reported in UHR individuals (Kraus et al.,
2016). However, in that study LI disruption was manifested in slower
reaction times to NPE trials in UHR individuals relative to controls,
while LI impairment in patients with psychosis and high schizotypy
individuals typically involves changes in responsivity during PE trials
(Kraus et al., 2016).

Some previous studies have failed to observe a relationship between
self-reported aberrant salience processing and LI (Chun et al., 2019),
SAT (Neumann et al., 2021), or other behavioural measures of salience
processing (Chun et al., 2019). Our observation that ASI, and specifically
the “Senses Sharpening” sub-scale, was inversely associated with LI
score is congruent with our previous observation that higher scores on
the ‘Senses Sharpening’ ASI sub-scale predicted lower KB scores only in
participants who have abstained from recent cannabis (Dawes et al.,
2021). It is also consistent with reports that ASI is strongly associated
with AS-linked constructs such as motivation and reinforcer sensitivity
(Neumann and Linscott, 2018). ASI scores are also positively correlated
with everyday psychotic- and disorganisation-like experiences in un-
dergraduate students (Chun et al., 2020). Additionally, analyses of the
psychometric properties of the ASI scale have demonstrated that scores
on the ‘Senses Sharpening’ sub-scale discriminate between psychiatric
patients (including patients with psychosis) and the general population
(Golay et al., 2020).

Previous studies have shown reduced LI in high schizotypal partici-
pants (Braunstein-Bercovitz et al., 2002; Lubow et al., 2001), with some
having identified a relationship that is limited to specific positive, not
negative, dimensions of schizotypy (Lipp et al., 1994; Evans et al., 2007;
Kumari and Ettinger, 2010). However, using the within-subjects LI
paradigm used by Granger et al. (2012), Chun et al. (2019) failed to
show any relationship between positive or negative schizotypy and LI
Here, we also failed to observe any significant relationship between any
dimension of schizotypy and LI. However, there are differences between
these studies that are important to note. Schizotypy was measured using
different instruments; in the present study we used SPQ, while Chun
et al. (2019) used brief forms of the Wisconsin schizotypy scales and
Granger et al. (2016) used the O-LIFE. These instruments are all reported
to measure “schizotypy” but can reflect quite different underlying con-
structs, SPQ and Wisconsin reflecting a more DSM-oriented clinical
derivation, while O-LIFE derives from a wider, more personality-driven
approach (Mason, 2015). Tasks also differed between these studies and
how LI is measured can be critically important, especially whether the
task is confounded by learned irrelevance (Byrom et al., 2018; Granger
et al., 2016).

Potential methodological limitations of this study include a sample
limited to university attendees, and these findings may not generalise to
community or clinical samples (Chun et al., 2019). On the other hand, it
may be argued that these students are at an important developmental
transitional period that coincides with the peak age at onset of schizo-
phrenia. As the sample was primarily composed of people from Ireland/
UK, these results may also not generalise cross-culturally, though this
does open avenues for replication of this study using more culturally
diverse samples. A recent study has indicated that in undergraduates
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that identified as black African/African-American or as second genera-
tion immigrants, the association between ASI and cannabis use is similar
to that demonstrated previously in white undergraduates (Anglin et al.,
2021). We did not conduct any biochemical verification of cannabis use,
nor did we ask cannabis users time since last intake, thereby not
excluding potential differential effects of intoxication, acute with-
drawal, protracted withdrawal, or residual effects as opposed to chronic
use. Finally, the survey and task elements were completed online, which
meant a ceding of control over the environment in which participants
carried out the LI task. Supplementary analysis of the task irrespective of
cannabis use indicates a comparable pattern of performance between
this web-based task and prior laboratory-based studies (see Supple-
mentary analysis). Repetition in a laboratory-based study may none-
theless be warranted.

Cannabis-induced changes in salience processing have been
observed across several laboratory and real-world measures, but this
may mask the use of the term ‘salience’ to describe different levels of
processing and a lack of clarity over what extent these constructs
overlap, i.e. that salience does not represent a unitary construct across
different levels of processing (Chun et al., 2019). This study showed that
self-reported cannabis use did not affect aberrant salience processing as
indexed by LI disruption, but does support the consensus that self-
reported chronic cannabis use results in an increased propensity for
psychosis proneness in users as measured using psychometric in-
struments. This study also showed for the first time that latent inhibition
performance is associated with subjective aberrant salience experiences
senses sharpening and heightened cognition. This adds to a growing
body of evidence supporting the potential for variation in LI perfor-
mance to represent a surrogate marker to detect the core psychological
disturbance that increases the risk for conversion to a full-blown psy-
chotic disorder (Granger et al., 2020). It has been suggested that mes-
olimbic dopaminergic hyperfunction drives maladaptive associative
learning across the early trajectory of the illness (Katzel et al., 2020;
Millard et al., 2021), with the limited efficacy of antipsychotics, which
act via D2 receptor blockade, relating to insufficient targeting to reverse
aberrant salience processing and the psychological impact of years of
maladaptive associate learning processes (Katzel et al., 2020). This hy-
pothesis and supporting data highlight the potential for early interven-
tion that would be tailored to modification of the mechanisms of
salience allocation. Further research should further investigate the
relationship between self-report aberrant salience measures and LI
performance in UHR and early psychosis patient populations to inves-
tigate whether it may be used to identify patients and rationalize
treatment strategies.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.sc0g.2021.100235.
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