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Abstract

Background. Psychosis is associated with a reasoning bias, which manifests as a tendency to
‘jump to conclusions’. We examined this bias in people at clinical high-risk for psychosis
(CHR) and investigated its relationship with their clinical outcomes.
Methods. In total, 303 CHR subjects and 57 healthy controls (HC) were included. Both
groups were assessed at baseline, and after 1 and 2 years. A ‘beads’ task was used to assess
reasoning bias. Symptoms and level of functioning were assessed using the Comprehensive
Assessment of At-Risk Mental States scale (CAARMS) and the Global Assessment of
Functioning (GAF), respectively. During follow up, 58 (16.1%) of the CHR group developed
psychosis (CHR-T), and 245 did not (CHR-NT). Logistic regressions, multilevel mixed
models, and Cox regression were used to analyse the relationship between reasoning bias
and transition to psychosis and level of functioning, at each time point.
Results. There was no association between reasoning bias at baseline and the subsequent onset
of psychosis. However, when assessed after the transition to psychosis, CHR-T participants
showed a greater tendency to jump to conclusions than CHR-NT and HC participants (55,
17, 17%; χ2 = 8.13, p = 0.012). There was a significant association between jumping to conclu-
sions (JTC) at baseline and a reduced level of functioning at 2-year follow-up in the CHR
group after adjusting for transition, gender, ethnicity, age, and IQ.
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Conclusions. In CHR participants, JTC at baseline was associated with adverse functioning at
the follow-up. Interventions designed to improve JTC could be beneficial in the CHR
population.

Introduction

Jumping to conclusions (JTC) is a reasoning bias characterised by
a tendency to seek less information before making a decision
(Fine, Gardner, Craigie, & Gold, 2007). It has been reported in
patients with a first episode of psychosis (FEP) (Langdon, Still,
Connors, Ward, & Catts, 2014), in chronic psychosis (Moritz,
Van Quaquebeke, & Lincoln, 2012), in relatives of patients with
psychosis (Van Dael et al., 2006), in people at clinical high-risk
for psychosis (CHR) (Rausch et al., 2016), and in healthy volun-
teers with delusional beliefs (Linney, Peters, & Ayton, 1998).
Some studies have found JTC to be particularly associated with
delusions (Freeman, Pugh, & Garety, 2008; Jolley et al., 2014)
or proneness to delusions (Broome et al., 2007), but this has
not been reported consistently in all studies (Catalan et al.,
2015; So et al., 2012). Among people at CHR, there is a diversity
of potential clinical outcomes. While a minority of individuals
will go on to transition to psychosis, among those that do not,
the severity of psychotic symptoms may either increase or
decrease, and level of functioning may worsen or improve
(Fusar-Poli et al., 2012; Michel, Ruhrmann, Schimmelmann,
Klosterkötter, & Schultze-Lutter, 2018). The presence of a reason-
ing bias in CHR participants is of particular interest because it
might influenceany of these outcomes that may occur. In particu-
lar, because JTC has been associated with psychosis and delusions
(So, Siu, Wong, Chan, and Garety, 2016), JTC might increase the
likelihood of attenuated psychotic symptoms persisting or pro-
gressing into a psychotic disorder. Only one previous study has
investigated the relationship between JTC and clinical outcomes
in CHR participants. Winton-Brown et al. (2015) followed up a
relatively small CHR sample (N = 23) and did not find a relation-
ship between JTC and later transition to psychosis. However, JTC
has been associated with adverse clinical outcomes in patients
with psychosis. Rodriguez et al. (2018) reported that JTC at base-
line was associated with a higher risk of compulsory admissions to
hospital and police interventions at follow-up.

The present study aimed to examine the JTC bias at baseline
in a large CHR sample, and to investigate its relationship with
clinical outcomes. JTC was assessed in CHR participants and con-
trols at baseline and after 1 and 2 years. Outcomes were assessed
in terms of transition to psychosis, the severity of psychotic symp-
toms, and level of functioning. We tested the hypothesis that
within the CHR sample, the presence of a JTC bias would be asso-
ciated with adverse clinical outcomes.

Methods

Sample

Participants were recruited from 11 centers from July 2010 to
August 2015, as part of the European Union Gene–Environment
Interactions (EU–GEI) study (European Network of National
Networks studying Gene-Environment Interactions in et al.,
2014). The overall design of the study was naturalistic, longitudinal,
and prospective, consisting of a baseline and two follow-up time
points. CHR participants (N = 303) were recruited from local clin-
ical early detection services, while healthy controls (HC; N = 57)

were recruited from the same geographical areas. Inclusion criteria
for all participants were: being aged 15–35; being able to consent,
and having adequate language skills local to each center. In add-
ition, CHR participants had to meet high risk for psychosis criteria
defined according to the Comprehensive Assessment of At-Risk
Mental States scale (CAARMS) (Yung et al., 2005). The exclusion
criteria for CHR participants were: having had prior experience
of a psychotic episode of more than 1-week as determined by the
CAARMS (Yung et al., 2005) and Structural Clinical Interview
for DSM Disorders (SCID) (Wittchen, Zauding, & Fydrich,
1997); previous treatment with an antipsychotic for a psychotic
episode; and IQ < 60. Exclusion criteria for HC included meeting
criteria for CHR, and report a personal or (first-degree) family
history of psychosis.

Procedures

All procedures contributing to this work comply with the ethical
standards of the relevant national and institutional committees
on human experimentation and with the Helsinki Declaration of
1975, as revised in 2008. Medical Ethics Committees approved all
procedures involving human subjects at each participating site
and approved the study protocol. Written informed consent was
obtained from all participants. All participants were assessed at
baseline and after 12 and 24 months. If a CHR subject transitioned
to psychosis, a follow-up assessment was made as soon as possible
after transition, 1 year after transition, and 2-years after transition.

Instruments

Detailed socio-demographic characteristics were assessed using
the modified Medical Research Council socio-demographic
Schedule (European Network of National Networks studying
Gene-Environment Interactions in et al., 2014; Mallett, 1997).

The CAARMS was used to measure subclinical psychotic symp-
toms (Yung et al., 2005). CAARMS is a semi-structured interview
that assesses psychotic symptoms and a range of other psycho-
pathological symptoms occurring in emerging psychotic disorder.
Individuals were classified as CHR for psychosis if they met at
least one of the following risk criteria: (i) Vulnerability Group (a
first-degree relative with a psychotic disorder or personal diagnosis
of schizotypal personality disorder, in combination with a signifi-
cant drop in functioning); (ii) Attenuated Psychotic Symptoms
(psychotic symptoms sub-threshold either in intensity or fre-
quency); (iii) Brief Limited Psychotic Symptoms (a recent brief
psychotic episode that resolved spontaneously within 1 week).

The Scale for Assessment of Negative Symptoms (SANS)
(Andreasen, 1982), the Montgomery-Asberg Depression Scale
(MADRS) (Montgomery & Asberg, 1979), and the Young
Mania Rating Scale (Young, Biggs, Ziegler, & Meyer, 1978) were
used to assess negative and affective symptoms.

The Structured Clinical Interview for DSM-IV Disorders
(SCID) (First, Spitzer, Gibbon, & Williams, 1995) was used to
establish the presence of other psychiatric disorders and to
exclude the presence of current psychotic disorders.
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The disability subscale of the Global Assessment of
Functioning (GAF disability) scale (APA, 2000) was used to assess
functional outcome. The GAF scoring system is based on the
severity of symptoms and level of functioning for individuals
under mental health care. As the GAF score decreases, symptoms
and the severity of a mental health illness are more severe. The
total GAF score was not used because it can reflect symptom
severity as well as the level of functioning.

CAARMS, SCID, and GAF measures were repeated at each
follow-up time point. Transition to psychosis was defined accord-
ing to the CAARMS criteria (Yung et al., 2005). A short version of
the WAIS-III test (Velthorst et al., 2013) was used to assess IQ.

A computerised version of the ‘beads’ task (Garety, Hemsley,
& Wessely, 1991) was used to assess probabilistic reasoning.
Participants were shown two jars of coloured beads in equal but
opposite ratios (60 red: 40 blue; 60 blue: 40 red). The jars were
hidden and, at the start of the task, a sequence of beads from
one of the two jars was displayed to the participants. After each
bead, participants were asked if they were ready to decide which
jar the beads were being drawn from or if they would like to
see another bead before making a decision. In the present
study, we examined two variables: (i) ‘Draws to decision’
(DTD), the number of draws made before making a decision;
and (ii) ‘JTC/no JTC’, where JTC is operationally defined as
reaching a decision after two or fewer beads (Garety et al.,
2005; Rodriguez et al., 2018; So et al., 2012; So & Kwok, 2015).
This threshold is thought to reflect a clear expression of a reason-
ing bias and is useful in discriminating between clinical and non-
clinical groups (Garety et al., 2005; Van Dael et al., 2006). We
used the most difficult version of the task (60:40), as this has
been found to be sensitive to detecting effects in relation to vari-
ation in levels of psychotic symptoms (Lincoln, Ziegler, Mehl, &
W, 2010; So et al., 2012).

Statistical analyses

One-way analyses of variance (ANOVA) were used to examine
differences in continuous variables at baseline, 1-year, and
2-year follow up. For categorical variables, chi-square tests and
Fisher´s exact test, when indicated, were performed. To analyse
the stability of JTC rates across follow-ups, we performed a
McNemar´s test.

Cross-sectional associations between JTC and the psychotic
symptoms at baseline were analysed using hierarchical logistic
regression models. The number of beads requested by a partici-
pant yielded a continuous outcome variable with a range of 0–
20. This variable was positively skewed, and we followed standard
procedure to categorize JTC reasoning bias in a binary category
requesting two or fewer beads before making a decision or
more than two (JTC/no JTC). In order to assess whether any asso-
ciation with delusional symptoms was independent of other posi-
tive, negative or affective symptoms, subsequent analyses were
performed in which all symptom domains assessed with the
CAARMS were entered simultaneously in the model.

The relationship between JTC and transition to psychosis
within 2 years was analysed using the Cox regression method
adjusting by gender, age, ethnicity (White, Black, Asian, Mixed,
North African, and others), site, and IQ.

Examining the relationship between JTC at baseline and func-
tional outcome, at follow-up in the CHR group involved data with
a multilevel structure because multiple observations were nested
within participants (level 2), and participants were nested within

sites (level 3). Consequently, we used a three-level mixed model
with fixed and random effects to analyse and control for the
within-subject level of clustering and clustering within-sites. An
unstructured covariance pattern model was used to model the
dependency of the repeated observations of the same subject
while study site was included as a random factor to account for
the dependency of the subjects within site (Brown & Prescott,
2015). The GAF disability scale at follow-up was used as the
dependent variable while the JTC (as categorical variable yes/
no) was used as independent variable. Subsequently, we estimated
the effect of JTC on the GAF scale. The following a priori-selected
confounders were included in the model: transition, age, gender,
IQ, and ethnicity. The model included the interaction between
JTC at baseline and its evolution across different time points.

Finally, we assessed the accuracy of the model to predict unseen
cases of the same underlying population (internal validation) using
repeated 10-fold cross-validation (Hastie, Tibshirani, & Friedman,
2009). In 10-fold cross-validation, the single available dataset is
randomly divided into 10 folds of equal size. In turn, each fold is
used as the unseen data (test set) with the remaining n-1 folds
pooled together as the training set (Stahl & Pickles, 2018).
Prediction accuracy is estimated by comparing observed and pre-
cited GAF scores and quantified as explained variance (r2). We
repeated this procedure 200 times to get a stable estimate and
report the average over the 200 10-folds runs.

Because mixed-effects models with incomplete cases are diffi-
cult to assess in repeated cross-validation, we estimated the pre-
diction accuracy for time 2 and 3 separately and included study
site as a categorical factor. Because the number of missing predic-
tors was relatively small (N = 11 out of 201 available observations
for each time point), a complete case analysis was performed.
Because of the large number of study sites relative to sample
size, we rerun the cross-validation without study site.

All the analyses were performed with STATA 15 package
(StataCorp., 2017). Except for the cross-validation, which was per-
formed in R using the package glmnet (Friedman, Hastie, &
Tibshirani, 2010).

Results

In total, 411 individuals were assessed at baseline (i.e. 344 CHR
and 67 HC). A total of 10 HC and 41 CHR participants were
excluded, as they did not complete the ‘beads’ task at baseline.
The non-included sample did not differ significantly from the
included sample in terms of gender, age, IQ, ethnicity, or GAF
scores (online Supplementary Table S1). The demographic and
clinical features of the groups are shown in Table 1. At baseline,
IQ and GAF disability scores were higher in the HC than the
CHR group. Relative to the total sample at baseline (N = 360),
173 participants (45.3%) completed the task at 1-year follow-up,
and 134 (37.2%) did so at 2-year follow-up. At follow up, there
were no significant differences between the remaining partici-
pants and drop-outs in terms of ethnicity, gender, IQ, or GAF dis-
ability score. However, they differed in age at both, 1 year
[non-missing 23.8 (S.D. = 4.8) v. missing 21.8 (S.D. = 4.7), p <
0.05], and 2 years [non-missing 23.2 (S.D. = 4.6), and missing
21.7 (S.D. = 4.8), p < 0.05].

In total, 8 CHR participants (5.9%) were taking antipsychotic
medication at baseline, 69 were taking antidepressants (22.8%)
and 17 sedatives (5.6%, including benzodiazepines). Only one
HC (1.7%) used antidepressants and another one (1.7%) used
sedatives.
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To analyse longitudinal changes in JTC status within the CHR
group subsequent to baseline, we used the last available ‘JTC/no
JTC’ measure for the dropouts cases [average follow-up time =
21.2 months (S.D. = 0.5)]. A total of 15 CHR (23.4%) who were
classified as ‘JTC’ at baseline changed to ‘no-JTC’, at 1-year
follow-up, while 4 (1.7%) classified as ‘no-JTC’ at baseline were
classed as ‘JTC’ at 1-year follow up ( p = 0.02). There were no sig-
nificant changes in ‘JTC/no JTC’ status between 1-year and 2-year
follow-up ( p = 0.14). There were no significant changes in ‘JTC/
no JTC’ status in HC group.

Relationship between JTC and transition to psychosis

After 2-years, 58 CHR individuals (16.1%) had made a transition
to psychosis (CHR-T), while 245 had not (CHR-NT). There were
no statistically significant differences between CHR-T and
CHR-NT or between these subgroups and HC in the percentage
of JTC rates at baseline, or 1-year follow-up. However, the rate
of JTC in the CHR-T group was significantly higher than in the
other groups at 2-year follow-up (χ2 = 8.13, df = 2; p = 0.012)
(Fig. 1). At this time point, the CHR-T participants had already
developed psychosis; the mean days between the transition and
the last ‘beads’ task assessment was 795 days (S.D. = 85.3). The
number of DTD by the group is detailed in online
Supplementary Table S2.

The Cox regression revealed no significant association between
JTC and transition to psychosis in the CHR group (all p’s > 0.05).
Within the CHR group, there were no significant or trend-level
associations between ‘beads’ task performance and scores on the
CAARMS subscales (positive, negative and general psychopath-
ology), the SANS, the Young Rating Mania score or the
MADRS. A descriptive summary of the symptoms, according to
JTC group, is detailed in online Supplementary Table S3.

Relationship between JTC and functional outcome

Within the CHR group, there was a significant difference in GAF
disability scores at both 1-year (Z =−2.3, p = 0.02), and 2-year (Z
=−2.0, p = 0.04) follow-up between the ‘JTC’ group and ‘no-JTC’

group. This difference was not present at baseline. At both time
points, the tendency to JTC was associated with a lower level of
functioning (Fig. 2).

There was a significant association between JTC and IQ in the
whole sample ( p < 0.001); however, the effect size of this associ-
ation was small (R2 = 0.06).

In the CHR group, there was an association between JTC at
baseline and the GAF disability score at follow-up. At 2-year
follow-up, the CHR sub-group with ‘JTC’ reasoning bias at base-
line scored 5.3 points less [95% CI (−8.5 to −2.1), p = 0.001,
adjusted] than the CHR sub-group with ‘no-JTC’ at baseline
(Table 2).

Repeated 10-fold cross-validation of two linear regressions pre-
dicting GAF disability, including site as a fixed factor, showed that
the ‘JTC’ at baseline model predicted 26% of the variance of GAF
score at time 2 and 24.7% at time 3. Removing site as predictor
further increased the prediction accuracy to 30.5% (1-year
follow-up) and 30.6% (2-years follow-up).

Discussion

This study sought to examine reasoning bias in the CHR popula-
tion and its relationship with clinical outcomes. To our knowl-
edge, this is the largest study of JTC in a CHR sample to date.
We found that there were no differences between CHR and HC
at baseline, but that a significant reasoning bias emerged in
CHR-T participants when they were reassessed 2 years after tran-
sition. Within the CHR sample, there were no differences at base-
line between participants who did or did not transition to
psychosis, but those who developed psychosis showed a greater
reasoning bias at 2-year follow-up. Similarly, within the CHR
sample, the tendency to JTC was not associated with the level
of functioning at baseline, but it was significantly associated
with lower functioning at 1-year and 2-year follow-up.
However, we did not find a significant relationship between JTC
and positive psychotic symptomatology in the CHR sample.

Previous studies have reported a higher prevalence of JTC in
CHR participants than in HC (Broome et al., 2007; Rausch
et al., 2016). However, in the present study, this difference was

Table 1. Socio-demographic and clinical characteristics of the sample

HC (N = 57) CHR (N = 303)

Mean age in years (S.D.) 23.0 (3.9) 22.5 (4.6)

Gender male, N (%) 30 (52.6%) 157 (51.8%)

Mean IQ (S.D.) 112.2 (18.4)** 98.5 (16.8)

Ethnicity

White, N (%) 36 (63.2%)* 218 (72.2%)

Ever employed, N (%) 53 (93%)* 222 (73.3%)

CHR group, N (%) Vulnerability group 49 (16.2%)

APS 252 (83.2%)

BLIPS 21 (6.9%)

GAF disability mean (S.D.) 85.6 (9.1)** 55.2 (12.4)

THC dependence (last 12 months), N (%) 3 (5.3%) 31 (10.2%)

HC, healthly controls; CHR, clinical high-risk for psychosis; IQ, intelligence quotient; THC cannabis.
*p < 0.05;**p < 0.001.
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Fig. 1. Level of JTC bias at baseline and 1- and 2-year
follow-up. *significant level p < 0.05. JTC, jumping to conclu-
sions; HC, healthy controls; CHR-T, clinical high-risk subjects
who made a transition to psychosis; CHR-NT, clinical high-
risk subjects who did not make transition to psychosis.

Fig. 2. Relationship between JTC and level of functioning in
CHR subjects. GAF means during the follow-up period. JTC,
jumping to conclusions; GAF, Global Assessment of
Functioning.

Table 2. Relation between JTC at baseline and GAF disability evolution at follow-up after adjusting by other variables in CHR population

GAF disability
N = 275 ß S.E. z p 95% CI

JTC baselinea −5.3 1.6 −3.3 0.001 (−8.5 to −2.1)

Gendera 0.05 1.2 0.04 1.0 (−2.4 to 2.5)

Ethnicity a 1.6 2.1 0.7 0.4 (−3.0 to 5.8)

Age −0.3 0.1 −2.3 0.03 (−0.6 to −0.05)

IQ 0.03 0.04 0.9 0.4 (−0.04 to 0.1)

CHR-T −6.7 1.5 −4.5 <0.001 (−9.6 to −3.7)

_cons 61.2 5.5 11.2 <0.001 (50.4–71.9)

IQ, intelligence quotient; CHR-T, CHR subjects who made a transition to psychosis; S.E., standard error; 95% CI, 95% confidence interval of Beta.
aReference group: ‘no JTC’ at baseline. White ethnicity. Male gender.
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only present at 2-year follow-up and only in those who made
transition to psychosis. Methodological differences can partially
explain this discrepancy. Rausch et al. (2016) used the SIPS and
SPI-A to define the CHR state in a sample of 188 subjects, analys-
ing the differences between CHR subgroups (basic symptoms v.
at-risk mental state status). The SIPS semi-structured interview
(McGlashan, Walsh, & Woods, 2010) and the CAARMS (Yung
et al., 2005) present some differences in the measures of frequency
and severity of the psychotic symptoms. The SIP-A (Schultze-
Lutter, Addington, Ruhrmann, & Klosterkötter, 2007) specifically
focuses on the detection of basic symptoms. We cannot exclude
that these differences might have an impact on the comparability
of the results. In addition, although Broome et al. (2007)
used the CAARMS to define CHR status, the sample analysed
was smaller (N = 35) compared to the present one. The larger
sample in the current study might have increased the statistical
power to detect the possible existing differences. None of these
studies analysed the relation between JTC and the transition to
psychosis.

In the present study, the presence of a reasoning bias in
CHR-T participants at follow up but not at baseline (prior tran-
sition to psychosis), suggests that JTC may be linked to change in
clinical status subsequent to baseline. This would be consistent
with our finding that within the CHR sample, JTC was associated
with a low level of functioning at follow up, and with the onset of
psychosis. We did not find evidence that JTC was linked to the
severity of psychotic symptoms, as has been reported in some pre-
vious studies in the CHR population (Winton-Brown et al., 2015)
and schizophrenia (Dudley, Taylor, Wickham, & Hutton, 2016).
However, in a recent meta-analysis, a link between JTC and the
psychotic symptom was not found (So et al., 2016).

To the best of our knowledge, only one previous study has
examined whether, in CHR individuals, JTC is associated with
subsequent transition to psychosis (Winton-Brown et al., 2015).
This study reported no relationship between JTC at baseline
and subsequent transition to psychosis. While this negative result
might have been related to the small CHR sample in that study
(n = 23), this is much less likely to have been a factor in the pre-
sent study, which had a large CHR sample at baseline, of whom
58 CHR made a subsequent transition to psychosis. In the current
work, the presence of a reasoning bias after the onset of psychosis
suggests that this may be specific to the emergence of frank psych-
osis, as opposed to the CHR state. However, we also found an
association with poor functioning, a measure that is independent
of transition status. An association with transition might also
reflect a relationship with the severity of psychotic symptoms.
However, our analyses found no evidence that JTC was linked
to symptom severity. Finally, because the final follow-up assess-
ment in the CHR-T participants was performed after they had
transitioned to psychosis, it is possible that the findings were
related to the effects of treatment initiated after psychosis onset.
However, So et al. (So, Garety, Peters, & Kapur, 2010) did not
find that antipsychotic treatment influences JTC bias.

In our sample, the proportion of the CHR participants for
whom the status changed from `JTC´ to `no-JTC´ after 1-year
follow-up was 23.4%. This suggests that this group is prone to
change. Ormrod et al. (2012) investigated the progression of
JTC in FEP patients. When tested over two-time points around
8 months apart from baseline, there was a degree of instability
in JTC over time. However, in people with more long-standing
psychosis, the decision-making style, in terms of JTC rates, does
not seem to change (Peters & Garety, 2006; So et al., 2012). It

is possible that people in the early stages of psychosis are more
likely to improve this trait (Catalan et al., 2015).

CHR participants with a JTC bias failed to show an improve-
ment in the level of functioning over the 2 years subsequent to
baseline that was evident in the subgroup who did not have a
JTC bias at baseline (Fig. 2). This suggests that in this population,
the presence of a reasoning bias is associated with a relatively poor
prognosis, in terms of functional outcome. Moreover, the cross-
validation demonstrated that baseline JTC reasoning bias pre-
dicted GAF disability (30.6% explained variance) at 2-year
follow-up (predicted values correlate by 0.55). Although the pre-
diction finding is modest for it to be used in a prediction tool, the
internal validation shows that the model is useful for understand-
ing the factors that influence the evolution of the GAF disability
scale. This finding could be used in future research to develop a
productive tool.

Previous studies described a link between JTC and functional
outcomes. For example, Rodriguez et al. (2018) showed that, in a
FEP sample, JTC was related to a higher risk of subsequent com-
pulsory admission and police intervention, both related to a worse
social functioning. Dudley et al. (2013) found that patients with
psychosis whose JTC bias improved over 2-year follow up had a
better clinical outcome than patients with a persistent JTC bias.
Accordingly, a prospective study in a general population sample
with affective dysregulation reported that the subsequent onset
of psychosis was more likely when a JTC bias was present
(Rauschenberg et al., 2020).

It has been suggested that JTC bias is related to the decision-
making process (Turner et al., 2018), and the decision-making
process based on weak evidence might be linked with a worse
functioning outcome in the long term. However, the formation
of delusions needs other concurrent factors, such as the necessity
of closure (McKay, Langdon, & Coltheart, 2007) and overconfi-
dence in errors (Moritz et al., 2017).

In our sample, the level of positive psychotic symptoms was
not associated with the rate of JTC reasoning bias, suggesting
that JTC could reflect a more general vulnerability to disorders
with psychosis proneness rather than to specific psychotic symp-
toms. The low psychotic symptoms level in our sample could, at
least in part, explain the lack of association between JTC and
psychotic symptoms. Similarly, in a recent meta-analysis So
et al. (2016) could not demonstrate a definitive relationship
between JTC and psychotic symptoms. Nevertheless, as Bentall
(1999) stated, the assumption behind the dichotomous trait-state
distinction is that abnormalities are either present before the
emergence of symptoms (in which case they might play a causal
role) or covary with symptoms (in which case they may be either
part of the symptom picture or epiphenomena). Thus, this is not
the only possible relationship between JTC and psychotic symp-
toms. It might be that cognitive performance underpinning JTC
in psychotic patients and in psychosis-proneness populations
can be normal under optimal environmental circumstances
and become pathological if these circumstances become
unfavourable.

Our data highlight the relationship between the presence of
JTC and worse functioning outcomes. Since some therapeutic
strategies have demonstrated to be useful in the treatment of
JTC (Moritz et al., 2014; Roberts et al., 2014; Waller, Freeman,
Jolley, Dunn, & Garety, 2011), it would be recommendable
incorporating these strategies in the early treatment of CHR
population. For example, recently Turner et al. (2018) reported
the benefits of a specific intervention derived from the meta-
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cognitive treatment manual developed by Moritz et al. (Moritz,
Woodward, & Burlon, 2007) in reducing JTC bias.

Strengths and limitations

Strengths of the present study include the large size of the CHR
sample and the availability of data from repeated assessments at
1 and 2 years from baseline. Although there was substantial attri-
tion over the follow-up period, having a large sample at baseline
ensured that there were still sufficient subjects to detect significant
longitudinal effects. Because at baseline most of the CHR sample
was either antipsychotic naïve or had been minimally treated, the
results are unlikely to be related to the effects of antipsychotic treat-
ment. Because of evidence that the association between psychotic
symptoms and JTC might no longer be significant when general
intelligence is taken into account (European Network of National
Networks studying Gene-Environment Interactions in et al.,
2014; So et al., 2012; Tripoli et al., 2020), we included a measure
of IQ in our analyses. This indicated that the associations between
JTC and transition and a poor level of functioning at follow-up
were not attributable to an effect of IQ, or other potentially con-
founding variables such as age, gender, and ethnicity.

This study presents also some limitations. The size of the HC
group did not match that of the CHR sample, which might have
reduced our power to detect statistically significant associations
within the HC group. In addition, the follow-up dropout rate
could have influenced the strength of the conclusions, since
patients that chose to participate in the study might have pre-
sented with a less severe psychotic symptomatology.

Conclusions

This study suggests that the presence of a reasoning bias in people
at CHR for psychosis is associated with adverse clinical outcomes,
such as a low level of functioning. This finding together with find-
ings around the efficacy of treatment approaches targeting JTC
(Garety et al., 2015; So et al., 2015) may show promise in enhan-
cing treatment responses in CHR population.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291720003396
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