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Abstract: The aim of this study was to investigate whether Trail Making Test (TMT) performance
is associated with the severity of psychopathological symptoms related to psychosis among young
adults with elevated level of psychotic-like experiences (PLEs), and whether this relationship is
mediated by cognitive biases and socio-occupational functioning. A total of 187 subjects from a larger
population of 6722 young adults participated in this 1-year follow-up study. The inclusion criteria
were an elevated level of PLEs (the highest score of the Prodromal Questionnaire) and a lack of
schizophrenia diagnosis. Eventually, 134 subjects (71.6%) completed the TMT, as well as the DACOBS
scale (cognitive biases), at baseline and were examined twice using the CAARMS (psychopathology)
and SOFAS (socio-occupational functioning) scales. In the first (I) and second (II) measurements, the
calculated effects indicate indirect-only mediations, which explained 35 and 38% of the variance of
the CAARMS. The TMT B execution time was positively associated with the DACOBS scale (β = 0.19,
p = 0.028), which was negatively related to the SOFAS I (β = −0.37, p < 0.001) and SOFAS II (β = −0.20,
p = 0.016) measurements. A lower score on the SOFAS I predicted a higher score on the CAARMS I
(β = −0.50, p < 0.001), and a lower SOFAS II predicted a higher score on the CAARMS II (β = −0.61,
p < 0.001). Subtle EF dysfunctions may, over time, translate into a greater severity of symptoms
related to psychosis in people with elevated PLEs, and this is mediated by a deterioration of their
metacognition and socio-occupational functioning.

Keywords: executive functions; Trail Making Test; cognitive biases; social and occupational functioning;
risk of psychosis; psychotic-like experiences

1. Introduction

Over the last few decades, the phenomena of a categorical approach and “Krae-
pelinian” dichotomy [1] toward psychosis have been systematically replaced by a dimen-
sional perspective. This new approach assumes a continuum of psychotic experiences and
that symptoms are aligned between clinical and non-clinical populations [2]. This resulted
in the examination of psychotic symptoms in subjects with schizophrenia-spectrum dis-
orders and with other mental illnesses; measuring psychotic-like experiences (PLEs) in
non-help-seeking individuals from the general population has also become popular [3].

PLEs refer to subthreshold psychotic symptoms in the general population, such as
delusion-like thoughts and perceptual aberrances, leading to distress and impairment, but
which are not synonymous with a diagnosis of schizophrenia [4]. While PLEs can manifest
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in healthy individuals, they may correlate with adverse health and social consequences (see
the systematic review of Kaymaz et al. [5]). Individuals experiencing PLEs are at an elevated
risk of developing various mental health conditions later in life, including schizophrenia
(see the meta-analysis of Healy et al. [6]). Moreover, they often require greater healthcare
support [7] and are at a high risk of engaging in suicidal behaviors (see the meta-analysis
of Yates et al. [8]). This highlights the utility of PLEs as indicators of adverse mental health
outcomes, as confirmed by the latest meta-analysis by Staines et al. [9].

Focusing on psychotic disorders, prior to their first episode, most individuals experi-
ence such subclinical symptoms like PLEs and these may be related to an ultra-high risk
(UHR) state [10] or at-risk mental state (ARMS) [11]. This “at-risk” group is defined as
meeting the criteria for one or more of three syndromes: (1) attenuated positive symptoms
(APS) syndrome, (2) brief limited intermittent psychotic symptoms (BLIPS) syndrome, or
(3) genetic risk and/or deterioration (GRD) syndrome [12]. An UHR state is linked to a
22% risk of developing a full-blown psychosis within 3 years [13]. Moreover, most of the
UHR/ARMS individuals who do not develop a psychotic disorder continue to exhibit
subthreshold symptoms or meet the criteria for other mental illnesses [14–16]. In addition,
functioning impairment is prevalent in these groups [13], as well as among individuals
with PLEs [5]. One manifestation of this functional deterioration may be cognitive decline
and its consequences, which will be discussed further.

Neurocognitive impairment, understood as a deficit in various cognitive functions
(attention, working memory, verbal and visual learning, processing speed, executive func-
tions and social cognition), is a core feature of psychosis [17]. In different meta-analyses,
prospective studies investigating individuals exhibiting clinical [18,19] and genetic [20]
risk states for psychosis consistently illustrate that cognitive decline emerges early in
the disease course. Moreover, individuals at risk of psychosis, who later transitioned to
psychosis, exhibit greater cognitive impairments at baseline compared to those who do
not develop full-blown illness [18,19]. These findings are also supported by retrospective
studies on the premorbid IQs of patients diagnosed with schizophrenia [21]. Cognitive
deficits can thus be viewed as inherent characteristics of the “at-risk” group and should be
continuously analyzed.

Executive function (EF) decline represents one of the most frequent neurocognitive
impairments in the schizophrenia spectrum [22,23]. In addition, it is identified not only in
chronic patients [24], but also prior to the onset of the disorder [25–27]. The impairment is
often described as problems with conceptualization, planning, cognitive flexibility, verbal
fluency, solving complex problems and the ability to quickly and efficiently shift back-and-
forth between mental sets [22].

Executive dysfunction is an independent predictor of both the transition to psychosis
and the functional outcomes within the UHR population [28]; however, research results are
not consistent. For instance, the study of Albert et al. [29] revealed that worse childhood
executive functions (EFs) are predictive of greater prodromal symptoms of psychosis in
young adulthood. Also, in the retrospective cohort study of Rembark et al. [30], baseline
executive function impairment was associated with a schizophrenia diagnosis and psychi-
atric treatment at follow-up. At the same time, in another study [17], executive functions
show the largest impairments in different “at-risk” groups, although they do not predict a
later transition to psychosis.

However, what is crucial is that, among subjects at risk of psychosis, executive func-
tioning deficits at a baseline assessment can serve as a significant predictor of overall social
functioning and its later decline. Work role impairment is also accounted for by deficits in
executive functioning [31]. As one can see, this domain is primarily important for the global
functioning of individuals. It may not necessarily, especially not in the first place, have
prognostic value (in terms of assessing the likelihood of developing full-blown psychosis).
For this reason, this area warrants attention (the possible consequences of EF deficits and
their effect on different aspects of personal functioning will be discussed later).
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Although executive functions are very important to patients’ mental states, they are
also challenging to assess. They are seen as separate cognitive domain, but one consisting
of different, interrelated cognitive functions. One of them is set-shifting, which refers to
the ability to move back and forward between different tasks or mental sets (which is
related to cognitive flexibility). Impairments in set-shifting are seen as core EF deficits in
psychosis [32,33]. Kumbhani et al. [34] reported the largest impairments in this domain in
patients diagnosed with schizophrenia. In general, many studies indicate that in people
with psychosis, but also with psychosis proneness, flexibility and initiation may be some
of the primary areas of EF’s deficits in daily life [35–38]. The same conclusions are drawn
from studies on subjects with psychotic-like experiences (PLEs) [38,39].

One of the most frequently used neuropsychological tests that measures the efficiency
of executive functions is the Trail Making Test—TMT (especially version B, which is an
extensively used trail for the assessment of cognitive flexibility [40]). Many studies show a
decline in the score of this test among patients with psychotic disorders [41,42], suggesting
deficits in, i.a., set-shifting. Set-shifting facilitates the development of efficient behavior
and adaptive responses to the changing circumstances of various conditions. Therefore,
this ability appears to be crucial for other aspects that may contribute to the exacerbation of
psychopathology among individuals on the psychosis spectrum.

The cognitive model of psychosis suggests that psychotic symptoms may arise because
of biased information processing [43] and metacognition deficits [44]. EFs are one of the
crucial aspects of metacognition [45], which is understood as “cognition about cognitive
phenomena” [46] (p. 906). What is important is that cognitive shifting (set-shifting) and
mental flexibility are two of the basic cognitive functions in metacognition.

A poor metacognitive self (MCS), defined as a decreased self-awareness and under-
standing of one’s own thought processes, may lead to cognitive biases [47]—systematic
patterns of deviation in judgment, in which the inferences made about other people and/or
situations can be illogical [48]. Such cognitive biases are associated with the schizophrenia
spectrum [49,50] and often manifest as jumping to conclusions (making judgments without
a sufficient amount of information) and belief inflexibility, external attribution bias, or
paying attention to threats (excessive perception of others’ behavior as threatening) [51].
They could be also social cognition problems [52]

Many studies have confirmed that exaggerated cognitive biases are observed along the
continuum of psychosis from psychotic-like experiences (PLEs) to full-blown psychosis [50].
In addition, besides being one of the characteristics of psychosis, cognitive biases play
an important role in the appearance of psychotic symptoms, e.g., hallucinations and
delusions—even among healthy individuals [53,54]. The study of Hakamata et al. [42]
also indicated that the general attentional ability (as well as working memory and set-
shifting) measured by the TMT is related to, e.g., the attentional bias in the non-clinical
population, which suggests that deteriorated executive functions may contribute to poorer
metacognitive skills. This last conclusion is the result of many studies on patients with
psychotic disorders and, among others, Davies et al. [55] suggest that “metacognition may
be critical to translating cognitive and functional skills into real-world contexts at early
stages of illness” (p. 824).

Both poor executive functions and the presence of cognitive biases are significant
predictors of the deterioration of emotional, social and professional functioning. As it was
shown in the context of EFs, set-shifting seems to be significant, as well as working memory
and processing speed. Such dysfunctions may affect the clinical course of illnesses [56–58]
and also predict social functioning difficulties not only among psychotic patients [59] but
also in the UHR group [60]. In papers by Eslami et al. [31] and Meyer et al. [61], in the
“at-risk” groups these difficulties were associated with executive dysfunction (including
set-shifting impairment).

As shown in other studies, poor EF (including poor set-shifting), manifesting as dif-
ficulties in time management and multitasking, memory and concentration deficits, or
organizational problems, may also have a crucial impact on a person’s performance at
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work [62–64]. Among patients with schizophrenia, executive dysfunction has been found to
be related to their employment status and job performance [65,66]. In the longitudinal study
of Lam et al. [67], changes in attention and executive function (like set-shifting) accounted for
the social and occupational functioning of UHR individuals. Although there are no specific
studies on employment, cognitive difficulties and the severity of psychotic-like experiences,
some developmental markers have been identified in samples of children and young adoles-
cents reporting PLEs, including language processing difficulties [68] and early speech and/or
motor delays [69], as well as EF deficits (including set-shifting impairments) [70]. These may
affect their future performance at school [71], and, consequently, at work.

Importantly, social problems and poor job performance have a negative impact on
mental health [72,73] and, as a cause of chronic stress, may result in growing psychopatho-
logical symptoms (cf. stress–vulnerability model [74–76]). As mentioned earlier, both
executive dysfunction and cognitive biases can lead to socio-occupational dysfunction as
well as to psychopathological symptoms. The question remains as to how these last two
variables are related to each other. It is assumed that, among patients diagnosed with
schizophrenia, the severity of symptoms affects functional impairment [77–79]. However,
this association may not appear universal, particularly in individuals who have not yet
developed psychosis but are experiencing PLEs. As it has not been explored in detail before
in this particular study group, it is also crucial to analyze how some executive deficits may
contribute to the worsening symptoms associated with psychosis and what role cognitive
biases play.

Given the above, the aim of this study was demonstrate the important (potentially
mediating) role of cognitive biases and social and occupational functioning in the rela-
tionship between the executive aspects of cognition and psychopathology among people
experiencing psychotic-like experiences. Hence, we tested a serial mediation model in
which a greater number of cognitive biases and poor social and occupational functioning
will mediate the relationship between impaired set-shifting (a poor TMT performance)
and the global severity, as well as frequency, of various psychopathological symptoms
(which are associated with a high risk of psychosis). Moreover, we investigated whether
this dependency would persist during a 12-month follow-up. We hypothesize that, in this
study group, poor set-shifting that leads to cognitive biases (mediator 1) may predict and
cause the continuance of decreased everyday functioning (mediator 2) and thus the increase
severity and frequency of psychopathological symptoms a year later. What is important is
that such a model allows for the investigation of the earliest cognitive factors associated
with psychosis proneness, while excluding potential confounding factors such as disease
chronicity and antipsychotic use.

2. Materials and Methods
2.1. Participants

A total sample of 134 young adults aged 18 to 35 (56.7% women) were included in
our longitudinal study (while the literature defines the at-risk group for schizophrenia as
individuals aged 15–25 years, we opted not to include individuals under the age of 18 due
to the challenge of obtaining parental consent for this study. Furthermore, the age range of
18–35 appeared to overlap with other studies conducted in the general population and even
among individuals experiencing their first episode of a psychotic disorder (see, e.g., [80,81]).
This group came from a larger population of 6264 young adults who participated in a
project on PLEs, completing the online survey of a Computer Assisted Web Interview
(CAWI) [82]. Based on their PQ-16 (Prodromal Questionnaire) value (range 0–48, with a
cutoff score of 6), 187 participants with the highest scores (with an elevated level of PLEs)
were invited to a face-to-face meeting with mental health professionals and examined using
a comprehensive set of various clinical and psychological tests (to be more clear: those who
scored within 7% of the top results on the PQ-16 (scores 6–48) and met the inclusion criteria
were approached to participate in the face-to-face assessment. We planned to recruit
approximately 200 participants from approximately 6000 subjects (3.3% of the sample
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studied) who achieved scores on the PQ-16 that were within the top 10%. We chose a wider
percentage of the highest scores to recruit from, expecting that not all participants would
meet the inclusion criteria and would be willing to take part in the second stage of the
study. Finally, we personally examined 187 people whose results on the PQ-16, with respect
to the entire sample, turned out to be the top 7%).

This research model assumed repeated measurements (at the beginning and after
1 year), but 53 people did not show up at the second meeting. Finally, 134 subjects (71.6%
from n = 187) who agreed to take part in the study and gave their informed consent
completed all scales. The exclusion criteria were a diagnosis of any psychotic or neurological
disorder, taking antipsychotic medication, or a substance use disorder in the past 6 months
(which was verified during their interview with a qualified psychiatrist). We decided to
exclude the aforementioned individuals to reduce the potential confounding effect of the
psychotic symptoms occurring in schizophrenia or resulting from conditions related to
intoxication or central nervous system damage. Including other participants (with other
mental illnesses) in the study allowed us to avoid further reduction in the sample size.

The study was approved by the Ethics Committee of the Medical University of Warsaw.
In general, the research group comprised young individuals exhibiting an elevated

level of PLEs (M = 22.9 in the Prodromal Questionnaire with a cut-off score of 6). Among
them, a portion (20.9%) had received diagnoses of conditions other than psychotic disorders
(primarily depression). These diagnoses were self-reported and subsequently confirmed by
a mental health professional during their initial meeting. A majority of participants (over
60%) expressed the necessity of seeking help from a psychologist or psychiatrist due to
the emotional distress they had experienced. Additionally, 34% of the participants had a
positive family history of mental illness, predominantly involving a parent.

Considering the correlation between PLEs and psychoactive substances (as outlined
in the meta-analysis by Matheson et al. [83]), we also gathered information regarding their
usage among the subjects. It was revealed that the most commonly used substance was
alcohol (88%), followed by marijuana or hashish (45.5%). Nearly one fifth of the participants
also reported using amphetamine.

Detailed sociodemographic and clinical data on the analyzed sample can be found in
Tables 1 and 2, along with basic information on the dropout group (n = 53).

Table 1. The study group’s sociodemographic characteristics and their comparison with dropouts.

Study Group
(n = 134)

Dropouts
(n = 53) Difference

Age 25.4 (±4.6); Me = 24 25.3 (±5.1); Me = 25 Z = −0.28, p = 0.783
Gender

Women 76 (56.7%) 30 (56.6%)
χ2 < 0.01, p = 0.989Men 58 (43.3%) 23 (43.4%)

Education
Primary 5 (3.7%) 6 (11.3%)

FET = 7.33, p = 0.099
Secondary 1 (0.7%) 0 (0%)
Vocational 58 (43.3%) 24 (45.3%)
Incomplete higher 20 (14.9%) 11 (20.8%)
Higher 50 (37.3%) 12 (22.6%)

Professional situation a

Study 67 (50%) 27 (50.9%) χ2 = 0.01, p = 0.907
Work 96 (71.6%) 31 (58.5%) χ2 = 3.01, p = 0.083
Unemployed 3 (2.2%) 3 (5.7%) p = 0.354 b

Rent 1 (0.7%) 1 (1.9%) p = 0.488 b

Note: Me—median, Z—Mann–Whitney’s U-test, p—p-value, FET—Fisher’s exact test, χ2—chi-squared test.
a: multiple choice. b: p-value for FET.
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Table 2. The study group’s clinical characteristics and their comparison with dropouts.

Study Group
(n = 134)

Dropouts
(n = 53) Difference

Psychiatric diagnosis (yes) a 28 (20.9%) 16 (30.2%) χ2 = 1.82, p = 0.177
Anxiety disorder 16 (11.9%) 5 (9.4%) χ2 = 0.24, p = 0.625
Depression 19 (14.2%) 9 (17.0%) χ2 = 0.23, p = 0.628
Bipolar disorder 1 (0.7%) 2 (3.8%) p = 0.194 b

OCD 1 (0.7%) 0 (0%) p = 1.000 b

Substance use disorder 3 (2.2%) 2 (3.8%) p = 0.623 b

Eating disorder 3 (2.2%) 1 (1.9%) p = 1.000 b

Personality disorder 2 (1.4%) 7 (13.2%) χ2 = 11.38, p < 0.001
Other 3 (2.2%) 0 (0%) p = 0.560 b

Psychotropic drugs use (yes) a 30 (22.4%) 21 (39.6%) χ2 = 5.69, p = 0.017
Antidepressive 18 (13.4%) 10 (18.9%) χ2 = 0.88, p = 0.348
Anxiolytic 17 (12.7%) 12 (22.6%) χ2 = 2.87, p = 0.090
Hypnotics 10 (7.5%) 7 (13.2%) χ2 = 1.52, p = 0.218
Other 2 (1.4%) 4 (7.6%) p = 0.055 b

Psychoactive substance use (yes) a 120 (89.6%) 47 (88.7%) χ2 = 0.03, p = 0.862
Marijuana/hashish 61 (45.5%) 35 (66%) χ2 = 6.40, p = 0.011
Alcohol 118 (88.1%) 47 (88.7%) χ2 = 0.01, p = 0.906
Amphetamine 24 (17.9%) 18 (34%) χ2 = 5.62, p = 0.018
MDMA 12 (9%) 8 (15.1%) χ2 = 1.50, p = 0.221
Cocaine 14 (10.4%) 5 (9.4%) χ2 = 0.04, p = 0.836
Heroin 1 (0.7%) 0 (0%) p = 1.000 b

LSD 9 (6.7%) 8 (15.1%) χ2 = 3.23, p = 0.072
Psylocybin 9 (6.7%) 3 (5.7%) χ2 = 0.07, p = 0.791
Designer drugs 13 (9.7%) 7 (13.2%) χ2 = 0.49, p = 0.484
Other 3 (2.2%) 3 (5.7%) p = 0.354 b

Family history of psychiatric diagnosis (yes) a 46 (34.3%) 22 (41.5%) χ2 = 0.85, p = 0.358
Parent 22 (16.4%) 9 (17%) χ2 = 0.01, p = 0.926
Siblings 10 (7.5%) 2 (3.8%) χ2 = 0.86, p = 0.354
Grandparents 9 (6.7%) 5 (9.4%) χ2 = 0.41, p = 0.525
Uncle or aunt 10 (7.5%) 4 (7.5%) χ2 = 0.00, p = 0.984

Need for psychiatric/psychological support
(up to 12 months before study)

Yes 84 (62.7%) 37 (69.8%)
χ2 = 0.84, p = 0.358No 50 (37.3%) 16 (30.2%)

Note: p—p-value, χ2—chi-squared test. a: multiple choice. b: p-value for FET (Fisher’s exact test).

As can be seen, the groups did not differ in any sociodemographic characteristics. As
for clinical data, more personality disorders and a more frequent use of psychotropic drugs,
as well as marijuana and amphetamine, were reported in the dropout group (Table 2).

2.2. Assesments

To evaluate the factors described in the introduction, we used the previously men-
tioned Trail Making Test (TMT) which enabled us (taking into account the time-consuming
nature of the face-to-face examinations) to quickly assess patients’ simple set-shifting
ability (as a measure of their executive functions). Additionally, we used the DACOBS
scale to examine cognitive biases (especially those typical of psychosis), as well as two
widely-used psychiatric scales: SOFAS, to assess social and occupational functioning, and
CAARMS, a semi-structured interview to evaluate the severity of symptoms related to the
risk of psychosis.

2.2.1. TMT—Trail Making Test

The TMT is a connect-the-dot task from the Halstead–Reitan Neuropsychological
Battery [84]. The efficacy of this test lies in its ability to distinguish brain-damaged patients
from normal control subjects with a relatively high degree of accuracy [85,86].

The TMT-A is essentially a test of processing speed and requires the connection,
in sequence, of 25 dots labeled with numbers as quickly as possible. The TMT-B is a
combination of processing speed and mental flexibility/switching ability and requires the
connection, in sequence, of 25 dots labeled with alternating numbers and letters, in which
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the tempo is also measured. The longer the time taken in part A, the lower the psychomotor
speed; the longer the time taken in part B, the weaker the mental flexibility. In the study of
Arbuthnott et al. [87], TMT-B performance was associated with set-switching. Thus, the
assumption underlying our clinical interpretation of the test appears to be valid, and the
test may be confidently used to assess executive function.

This tool was only used at the baseline measurement.

2.2.2. DACOBS—Davos Assessment of Cognitive Biases Scale

The DACOBS scale is a self-report questionnaire that allows us to measure both the
cognitive biases accompanying mental disorders (especially psychotic disorders) and cogni-
tive deficits. The subscales of the DACOBS are intercorrelated, with many validation tests
such as the beads task, Green Paranoid Thoughts Scale, or Dogmatism Scale. According to
author of the tool, it is reliable and valid for use in clinical practice and research [88].

In this study, the Polish translation prepared by Gawęda et al. [89] was used. The scale
consists of 42 items. The respondent is asked to indicate to what extent a given statement
reflects their way of thinking. The scale has seven degrees, from I strongly agree to I
strongly disagree. The results obtained constitute the total score (analyzed in this study),
which is a measure of the global severity of cognitive biases, which refer to the jumping to
conclusions bias, belief inflexibility bias, attention to threat bias, external attribution bias,
social cognition problems, subjective cognitive problems and safety behaviors. The original
validation studies indicate a high reliability of the questionnaire—Cronbach’s alpha is 0.90
for the general scale [88]. In this study, a satisfactory result of 0.88 was obtained and the
tool was only used at the baseline measurement.

2.2.3. SOFAS—Social and Occupational Functioning Scale

The SOFAS is the clinician-rated scale from 0 to 100 initially described in a paper
by Goldman et al. [90]. The tool is commonly used to assess the level of functioning in
patients with schizophrenia [91], although researchers also correlate its results with, e.g.,
PLEs [92,93]. It has been shown to have good face and construct validity [94]. The SOFAS
indicates the level of social and occupational functioning of a person over a recent period.
It refers to a continuum, ranging from a state of optimum functioning (80–100) to the state
of worst functional impairment, without taking symptoms into account and regardless of
the cause of impairments [95].

In this study, the tool was used twice (at the baseline measurement and during the
1-year follow-up).

2.2.4. CAARMS—Comprehensive Assessment of At-Risk Mental States

This is a semi-structured interview designed to identify individuals who are at clinical
ultra-high risk (UHR) of developing psychosis [96]. The CAARMS includes the following
seven subscales: 1—positive symptoms, 2—cognitive change in attention/concentration,
3—emotional disturbance, 4—negative symptoms, 5—behavioral change, 6—motor/physical
changes and 7—general psychopathology. Within each group, individual symptoms and
the questions useful for identifying them are listed. Then, the severity of the symptoms is
assessed on the following scale: 0—symptom absent, 1—doubtful, 2—mild, 3—moderate,
4—moderately severe, 5—severe and 6—depending on the symptom: extreme or psychotic.
After determining the severity of the symptom, its frequency and duration should be as-
sessed. Therefore, for all scales, an indicator of general severity and general frequency can
be calculated (the higher the measure, the more severe and more frequent the symptoms).
The CAARMS is widely used both in clinical practice and in research on psychosis risks [97].
The reliability and validity of this instrument were confirmed by Yung et al. [96]. It shows
excellent inter-rater reliability when performed by trained raters (0.85) [98].

In this study we used the Polish translation [99]. We conducted a full interview twice
and, for the purposes of this study, we focused on the global approach and used the sum of
the general severity and general frequency scales. Contrary to the recommended CAARMS
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scoring system that enables the evaluation of clinical criteria for ARMS, we were interested
in a global severity index of symptoms. Hence, according to previous work (e.g., [82]), we
combined the total scores for the frequency and intensity subscales, which resulted in a
total score of the severity of symptoms.

The tool was used twice (at the baseline measurement and during the 1-year follow-up).

2.3. Data Analyses

All statistical analyses were performed with SPSS version 25.0. First, we assessed the
distributions of the variables using a Shapiro–Wilk test and checked skewness, assuming
that values >−2 or <2 confirm a normal distribution of the quantitative data [100]. When
analyzing the differences between the study group and dropouts (see Tables 1 and 2), we
used the Mann–Whitney U-test (which was dictated by the significant difference in group
sizes) along with the chi-square test and Fisher’s exact test.

In our main analysis, we initially conducted a series of zero-order correlations to
investigate the associations between quantitative variables. In order to calculate the serial
mediation models, we used PROCESS macro ver. 4.0 for SPSS and chose model 6 [101],
following the bootstrapping procedure with 5000 resamples. Ultimately, two models were
built (A and B). In model A, we analyzed the relationship between the TMT execution time
(independent variable) and CAARMS scores (dependent variable)—both measured at the
baseline. In this analysis we also included two mediators—the total score of the baseline
DACOBS (the first mediator) and SOFAS (the second mediator). Therefore, the whole
model tested the relationship between the levels of the variables in the first measurement;
at one time point. In Model B, we wanted to look at the relationship between TMT
performance (measured at the baseline) and CAARMS scores after a one-year follow-up.
We also added two mediators to this analysis—the DACOBS results (the first mediator)
from the first measurement and the SOFAS results (the second mediator) from the follow-
up measurement. In this way, we checked how the initial level of executive function and
cognitive biases are related to the results of socio-occupational functioning and the severity
of psychopathology after a year.

3. Results
3.1. Differences between the Study Group and Dropouts

The groups did not differ in terms of any of the questionnaire variables analyzed in
this study (see Table 3).

Table 3. Questionnaire variables in study group and among dropouts.

Study Group
(n = 134)

Dropouts
(n = 53) Difference

PQ-16 (screening range 6–48) 22.9 (±4.6); Me = 22 23.2 (±4.0); Me = 23 Z = −0.64, p = 0.523
TMT A time (baseline) 30.8 (±11.4); Me = 28 33.7 (±14.2); Me = 26 Z = −0.84, p = 0.403
TMT B time (baseline) 60.2 (±22.7); Me = 56 62.4 (±27.3); Me = 57 Z = −1.58, p = 0.115
DACOBS total (baseline) 161.8 (±26.7); Me = 164 161.6 (±30.1); Me = 163 Z = −0.12, p = 0.903
SOFAS I (baseline) 80.7 (±11.7); Me = 81 77.7 (±14.5); Me = 80 Z = −1.23, p = 0.219
SOFAS II (follow-up) 80.1 (±12.8); Me = 81 --- ---
CAARMS total (baseline) 59.1 (±34.7); Me = 56.5 66.9 (±37.5); Me = 65 Z = −1.20, p = 0.231
CAARMS total (follow-up) 46.4 (±36.5); Me = 43 --- ---

Note: Me—median, Z—Mann–Whitney’s U-test, p—p-value.

3.2. Data Distributions

The Shapiro–Wilk test indicated that almost all of the variables in final study group
were not normally distributed (p < 0.05). However, due to the relatively large population
and the skewness of all study variables, which were between >−2 and <2 [100], we assumed
that the sampling distribution would not differ from a normal distribution and, therefore,
that the use of parametric tests would be allowed.



Brain Sci. 2024, 14, 256 9 of 19

3.3. Correlational Analyses

The Pearson’s correlation analysis with FDR correction for multiple comparisons
(Table 4) indicated that it was the TMT B execution time that correlated with almost all of
the other results (what is the most important is that this variable was associated with the
first mediator, DACOBS, while the TMT A execution time was not); therefore, this variable
was included in the mediation models. The table also shows that the DACOBS, as the
first potential mediator, negatively correlated with both measurements of the SOFAS scale,
which was selected as the second mediator. Moreover, almost all variables correlated with
both the CAARMS measurements (the exception was the DACOBS scale, which was only
correlated with CAARMS I (according to the new approach to mediation analysis [101,102],
the lack of a significant simple correlation of the mediator with the dependent variable does
not exclude this mediating variable from further analysis. Only the relationship between
the independent variable and the mediator is necessary to test a mediation model. This is
due to the fact that the impact of the mediator on the dependent variable is always analyzed
simultaneously with the impact of the independent variable on dependent variable, while
the relationship between the independent variable and the mediator is calculated as a
simple regression (in first step of the analysis)).

Table 4. The matrix of correlation for all quantitative variables (n = 134).

TMT A TMT B DACOBS SOFAS I SOFAS II CAARMS I CAARMS II

TMT A (time) ---
TMT B (time) 0.63 *** ---
DACOBS
(total score) 0.01 0.19 * ----

SOFAS I
(baseline) −0.07 −0.18 *a −0.39 *** ---

SOFAS II
(follow-up) −0.21 * −0.29 *** −0.25 ** 0.51 *** ---

CAARMS I
(baseline) 0.14 0.23 ** 0.34 *** −0.56 *** −0.36 *** ---

CAARMS II
(follow-up) 0.12 0.21 * 0.14 −0.42 *** −0.62 *** 0.49 *** ---

A probability note for p-values: * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001. a insignificant after the controlling for
multiple comparisons.

3.4. Mediation Models

To determine the serial mediation of cognitive biases and socio-occupational function-
ing in the relationship between TMT B execution time and the frequency and severity of
psychopathological symptoms, a regression-based approach and bootstrap method, as rec-
ommended by Hayes [101], were used. The calculated models A and B (Figure 1) represent
(according to the nomenclature provided by Zhao et al. [102]) indirect-only mediations.

In model A, the non-standardized total effect of the TMT B execution time and
CAARMS I was significant (0.35, 95% CI: 0.10–0.61, p = 0.007) and it explained 5% of
the dependent variable’s variance. After including both mediators, a significant indirect
effect (non-standardized indirect effect: 0.17, 95% CI: 0.03–0.30) and no significant direct ef-
fect (non-standardized direct effect: 0.18, 95% CI: −0.04–0.41, p = 0.099) were observed, and
the explained variance increased to 35%. Thus, the initial and direct relationship between
the independent and dependent variable was apparent and it was explained by an indirect
effect, i.e., executive dysfunction can predict an increase in the number of cognitive biases;
more cognitive biases can predict a stronger decline in socio-occupational functioning, and
this may lead to a greater number and severity of psychopathological symptoms.

Similarly, in model B, which included the SOFAS and CAARMS scores after one
year, although initially the total effect was significant (non-standardized total effect: 0.35,
95% CI: 0.07–0.62, p = 0.013; R2 = 5%), after including the mediators and revealing a
significant indirect effect (non-standardized indirect effect: 0.28, 95% CI: 0.06–0.52), the
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direct relationship between the independent and dependent variable disappeared (non-
standardized direct effect: 0.06, 95% CI: −0.17–0.29, p = 0.591), and the entire model
explained 38% of the variance observed.

Figure 1. Mediation models A and B (coefficients are standardized). A probability note for p-values:
* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001.

4. Discussion

The aim of this study was to demonstrate the mediating role of cognitive biases and the
decline in social and occupational functioning in the relationship between executive deficits
(defined as a worse set-shifting ability) and the severity of psychopathological symptoms
linked to the psychosis risk among people experiencing PLEs. This hypothesis was tested
both at the beginning of the study and during a 1-year follow-up (taking into account
potential changes in socio-occupational functioning and the severity of psychopathology).

It was found that a poor TMT B performance (suggesting set-shifting deficits) may
contribute to cognitive biases and that this result is consistent with the neurocognitive
perspective of psychosis [103]. This mechanism can likely be explained by the fact that
impaired cognitive functioning (including a decrease in cognitive flexibility and difficulties
with set-shifting) results in a deterioration of thinking ability and increased misinterpreting
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events. This may ultimately lead not only to a decrease in intellectual functioning, but also
to lower general adaptive skills.

According to the research findings of Lysaker et al. [104], disrupted metacognition and
numerous cognitive biases (arising from poor neurocognition) underlie social problems and
may also contribute to a decreased job performance in individuals with schizophrenia. Em-
pirical evidence suggests that cognitive biases affect attention, decision-making/reasoning,
memory recall, motivation and even attributional style [105,106]. The tendency to making
hasty decisions or the incapacity of modifying one’s own belief, as well as an attention to
threats can also be noticed among people experiencing PLEs [107], and such difficulties
may interfere with their everyday functioning at work or in social environments. Impor-
tantly, our study also revealed that greater cognitive biases are linked to lower levels of
social and occupational functioning. Furthermore, executive dysfunction (expressed as
poor set-shifting), together with the resulting cognitive biases, can predict these adverse
socio-occupational outcomes even after a year. Interestingly, we observed that, even after
excluding cognitive biases, TMT performance was significantly associated with socio-
occupational functioning after one year, but not at the same time point. The presence of
cross-correlation can imply a potential causal relationship and suggest that, in this group,
some subtle executive deficits may directly influence their job performance and social skills
over time (and consequently be associated with the severity of their psychopathology).
This observation is consistent with the longitudinal study conducted by Lee et al. [108].

Social and occupational functioning is often diminished shortly before the outbreak
of psychosis [109]. The present study also showed that a lower SOFAS score predicts a
higher severity and frequency of symptoms in the CAARMS, which is consistent with
the existing literature. According to the ARMS criteria defined by CAARMS [82], the
decline in overall functioning (assessed by the SOFAS) is a significant symptom indicating
a potential transition to full-blown psychosis, but it should be associated with the severity
of the symptoms of the UHR individual. In this study, it should also be emphasized
that, according to the stress–vulnerability model [74–76], worse functioning at work or
in the social environment may increase a person’s level of stress and thus create the risk
of them developing, e.g., psychosis. Such a relationship may be particularly relevant
when examining individuals who do not exhibit severe psychopathology but rather only
subtle symptoms (like PLEs). These symptoms may not necessarily indicate a future
transition to psychosis, but, assuming that individuals with PLEs also manifest cognitive
difficulties [110], e.g., poor set-shifting (which may promote cognitive biases and cause
difficulties in everyday life), this may be an important factor contributing to the occurrence
or intensification of the symptoms of any mental disorder. Therefore, the identification of
mechanisms that could result in increased psychopathology among people with PLEs seems
important and has a potential impact on improving the functioning of this population.

A novel aspect of this study was its focus on cognitive factors—particularly set-shifting
ability (as a component of executive function), which is hypothesized to be associated with
a greater tendency towards cognitive biases. This last variable was identified as the first
significant mediating variable of psychopathological symptoms. Set-shifting and cognitive
biases were also explored as predictors of a decline in socio-occupational functioning (the
second mediator), which was also expected to mediate the relationship between executive
functioning and the severity of psychopathology among individuals with elevated levels
of PLEs.

As can be seen, certain difficulties in executive functions, particularly impaired set-
shifting, may serve as predictors for the future worsening of psychopathological symptoms
related to psychosis in individuals with PLEs (the potential mechanism of this relation-
ship has been described above). Importantly, these dysfunctions, acting as precursors
to cognitive biases and deteriorating general functioning, can potentially be alleviated
through appropriate neuropsychological training, which could be considered a significant
component of early intervention (see the literature review of Miley et al. [111], which refers
to the results of studies among individuals with first-episode psychosis).
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The above results remain consistent with the concepts related to the associations be-
tween cognitive functions and the course of psychotic illness [56–58]. However, it should
be mentioned that this analysis concerns only the general population with a psychomet-
rically elevated risk of psychosis resulting from PLEs, and not patients with a diagnosis.
Nevertheless, it is crucial to pay special attention to psychotic experiences during the early
stages of mental health problems, even if PLEs are not the primary reason for seeking
help. Such a motivation may result, for example, from disturbing cognitive difficulties
and their negative impact on the individual’s well-being and symptoms. It will then be
important to take into account that cognitive biases and the individual’s level of social and
professional functioning may also be important in this relationship, as they may contribute
to the exacerbation of their psychopathology in future. Importantly, these factors also
represent areas in which early intervention could be beneficial.

Despite providing valuable longitudinal conclusions, the study has some limitations.
First is its relatively small sample size, but this was quite representative as it was taken

from a large population of subjects recruited at the screening stage. Also, we recorded a
relatively high dropout rate. While these subjects did not exhibit significant differences
in most key variables, they demonstrate specific features such as a higher frequency of
psychoactive substance use and diagnoses of personality disorders. These aspects could
potentially be related to their lower motivation to participate in the follow-up. Such
individuals may also be in a poorer mental state, which suggests we might have lost
important data.

Additionally, a rather unexpected observation was that the results of the CAARMS II
were significantly lower than the CAARMS I. One possible reason for this is that partic-
ipants who stayed in the project became more aware of their psychotic-like experiences
as well as other symptoms, and they started seeking help (which resulted in a reduction
in their CAARMS scores). However, it is also important to consider that symptoms may
spontaneously decrease in non-clinical samples, as evidenced by recent research indicating
that the majority of PLEs are transient [112]. Furthermore, the analysis of the average
SOFAS results suggests that this study may have attracted high-functioning individuals.
Ultimately, despite the changes in the CAARMS, the level of social functioning remained
stable. This indicates the presence of other factors not considered in the study that con-
tribute to symptom recovery. Hence, given the reference to the stress–vulnerability model,
a crucial aspect of future research would involve assessing the level of stress induced by
factors such as cognitive impairment or challenges in the workplace as well as in social life.
According to the meta-analysis of Muddle et al. [113], stressful daily events and patients’
emotional responses to them have a significant impact on the symptoms of those with
chronic psychosis, at early stage of disease as well as with subclinical PLEs. Therefore,
further analyses could explore variables such as resilience [114]; coping strategies [115];
or emotional regulation, like a positive affect in response to stress [116,117], as they may
play significant roles in managing and improving the symptoms in different “at-risk”
mental states.

The final limitation of this study is that the authors only investigated one domain of
executive function. This was a result of the extensive nature of the original study design and
the necessity of keeping the number of tools to the minimum. In future research, it would
be beneficial to replicate the study with a more detailed examination of the participants’
neuropsychological profiles, especially when it comes to executive functions, as the correla-
tion between set-shifting measured by the TMT B and CAARMS scores was rather weak,
which could suggest that there is a significant relationship between these general variables
that could apply to another EF domain. Such an analysis could also involve exploring
the associations between various executive deficits and specific cognitive biases, while
evaluating their precise impact on social and work performance. It seems that this kind
of research would be highly beneficial in context of coping strategies among individuals
already diagnosed with schizophrenia who, despite their condition, still try to fulfill the
above social and professional roles. According to the cited research, sustained work [118]



Brain Sci. 2024, 14, 256 13 of 19

and better social functioning [119] are associated with a better prognosis, especially in the
early years of a disorder.

Referring to the above, this study aimed to follow the current research trend, which
focuses on examining the relationship between neurocognition, metacognition, func-
tional outcomes and symptomatology. This approach is very common in studies on
schizophrenia [120–123], but is not so popular in research on non-clinical populations—and
yet self-reported PLEs, even unconfirmed or transient, warrant continuous monitoring over
time, particularly when reported by individuals with impaired psychosocial functioning
and different reported psychiatric problems [124].

Based on this study, it appears that cognitive impairment, accompanied by cognitive
biases and difficulties in social and occupational functioning, may exacerbate these afore-
mentioned problems. Hence, despite its limitations, this analysis provides a significant
foundation for further investigation into how impaired neurocognition may lead to the de-
velopment of additional challenges that could escalate into more severe psychopathological
symptoms among people with PLEs.

5. Conclusions

In this study we observed the influence of executive dysfunction on the severity of
symptoms linked to the psychosis risk among individuals experiencing PLEs. However, this
mechanism appeared to not be direct as it involved increasing cognitive biases, resulting in
diminished social and professional functioning.

Although 75–90% of psychotic-like experiences are temporary and may cause little
discomfort [15] it should be emphasized that they may be an important risk factor for a de-
crease in mental health. For part of the population, this risk relates to developing psychosis,
but not only that. PLEs are also a risk factor for different psychiatric disorders [125–131].
Therefore, it is a phenomenon worth our attention, especially in the context of potential
therapies aimed at other psychological difficulties that may contribute to the intensification
of general psychopathology [132,133]. Hence, future research and early intervention efforts
that focus on cognitive and metacognitive skills, as well as their impact on daily life, may
be particularly useful in this potentially vulnerable population.
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