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schizophrenia. However, studies tended to examine only one of the flexibility constructs,
which could be related to each other, within a single group of patients. As enhancing
flexibility in thinking has become one of the psychological treatment goals across
disorders, this study aimed to examine three constructs of flexibility (cognitive flexibility,
explanatory flexibility, and belief flexibility) in two psychiatric groups.

Methods: We compared three groups of participants: () 56 outpatients with a
schizophrenia-spectrum disorder and active delusions, (i) 57 outpatients with major
depressive disorder and at least a moderate level of depression, and (i) 30 healthy
controls. Participants were assessed on symptom severity and flexibility, using the
Trail-Making Task, the Attributional Style Questionnaire, the Maudsley Assessment of
Delusions Scale (MADS) and the Bias Against Disconfirmatory Evidence (BADE) Task.

Results: Cognitive flexibility was reduced in the two clinical groups compared to
controls. Explanatory flexibility was comparable across groups. The three groups differed
in belief flexibility measured by MADS but not by the BADE task. Response to hypothetical
contradiction was reduced in the delusion group than the other two groups, and the
ability to generate alternative explanations was reduced in the delusion group than
healthy controls.

Discussion: We found an effect of diagnosis on cognitive flexibility, which might be
confounded by differences in intellectual functioning. Reduced belief flexibility tended to
be specific to delusions.
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INTRODUCTION

Cognitive approaches stress how biassed reasoning and
appraisals may explain psychopathology [e.g., (1-5)]. Some
researchers focus on maladaptive belief contents about one’s
external and internal experiences, such as attribution biases (6)
and meta-worry (7, 8). In comparison, others focus more on
how individuals formulate or maintain their thoughts. Such
dysfunctional processes tend to include dichotomous thinking
(9, 10), inadequate information gathering (11, 12), difficulty in
evidence integration (13), etc. Flexibility in reasoning is one
cognitive process that has received research attention in recent
years, which in its broadest sense refers to the cognitive capacity
to adaptively respond to changing contexts (14, 15). A failure
to sensitively respond to different circumstantial factors in
thinking, reasoning, and reflecting has been reported in various
psychiatric disorders.

Cognitive flexibility refers to the ability to selectively focus on
accessible mental sets in response to varied task requirements
(15-17). As typically measured by the Wisconsin Card Sorting
Task (WCST) (18), the Trail-Making Task (TMT) (19) and other
set-shifting tasks [e.g., intra-inter dimensional task; (20, 21)],
cognitive flexibility manifests in the faster and more accurate
grasp of the task rule when it changes, and reduced time cost in
shifting between sequences.

Recent reviews suggested a deficiency in cognitive flexibility
across diagnostic categories (22-24), including schizophrenia
(25, 26), major depressive disorder (14), autistic spectrum
disorders (27, 28), and obsessive-compulsive disorder (29).
Studies that examined cognitive flexibility between diagnostic
groups had yielded mixed results. For example, Mahurin et al.
(30) reported significantly more errors and longer completion
time in patients with schizophrenia than patients with depression
on the TMT. In contrast, Moritz et al. (31) found no
difference between their schizophrenia and depression samples
on neither TMT nor WCST, both performing worse than
non-clinical controls. As cognitive flexibility may be directly
influenced by several cognitive capacities including working
memory, inhibitory control, and digit span (30, 32, 33), a more
precise differentiation on how cognitive flexibility tends to be
compromised in light of various diagnoses may enrich process-
based research of psychopathology.

As a narrower concept than cognitive flexibility, explanatory
flexibility refers to the responsiveness to contextual features when
forming causal attributions (34-36). The underlying premise is
that individuals are able (and expected) to take into account
specific situational factors, hence leading to different ways
of explaining the causes of different situations. Explanatory
flexibility is typically measured by the standard deviation of
stability and globality of attributions for negative events on the
Attributional Style Questionnaire (35, 37), although some other
studies had also included internality of attributions (36, 38).

Most research on explanatory flexibility centres around
depression. It has been shown that reduced explanatory
flexibility interacted with adverse life events to predict
subsequent depressive symptoms (35). A higher level of
explanatory flexibility, on the contrary, was associated with

better adjustment and less relapse in patients (35, 38, 39).
Explanatory flexibility tended to decrease in response to negative
mood induction, especially in individuals with a history of major
depressive disorder (MDD) (34). A handful of studies compared
explanatory flexibility between psychiatric disorders, questioning
the specificity of compromised explanatory flexibility in MDD.
Fresco et al. (40) found reduced explanatory flexibility among
college students with a self-reported generalised anxiety
disorder than controls. Lackner et al. (41) found more reduced
explanatory flexibility in patients with MDD, generalised anxiety
disorder, and adjustment disorder than other psychiatric groups.
In the only study that investigated explanatory flexibility among
individuals with psychosis, Silverman and Peterson (38) reported
a comparable level of explanatory flexibility in patients with
schizophrenia as in patients with MDD. This result was yet to
be replicated.

Belief flexibility refers to the metacognitive capacity of
reflecting on one’s own beliefs, changing them in light
of reflection and evidence, and generating and considering
alternatives (42, 43). Belief flexibility has been commonly assessed
through a clinical interview, where an individual’s idiosyncratic
beliefs are discussed with an interviewer. There are three signs
of belief flexibility: (1) when one acknowledges the possibility
of being mistaken, (2) when one lessens their conviction in face
of hypothetical and contradictory evidence, and (3) when one
can generate new and alternative beliefs about their experience
(44, 45). So et al. (46) found that these three measures of belief
flexibility load on the same factor. Other researchers measured
belief flexibility using the Bias Against Disconfirmatory Evidence
(BADE) task (47, 48), where respondents are presented with
standardised and hypothetical scenarios and are asked to rate the
plausibility of various explanations when new evidence unfolds.
Belief flexibility is operationalised on the BADE task by the
change between initial and later plausibility ratings. Other self-
report measures have also been recently used to capture the
construct of belief flexibility, including Davos Assessment of
Cognitive Biases Scale (49), Beck Cognitive Insight Scale (50),
and Fast and Slow Thinking Questionnaire (51). As self-report
relies largely on self-awareness and retention, doubts about
the sensitivity of measuring belief flexibility using self-report
questionnaires have been raised (51).

Research on belief flexibility has taken root in psychosis,
where belief flexibility has been shown to be negatively associated
with severity and conviction of delusions (42, 52) and may
co-vary with delusions over time (46, 53). Sanford et al. (54)
and Speechley et al. (48) compared BADE performance between
individuals with high-delusional schizophrenia, individuals
with low-delusional schizophrenia, individuals with another
psychiatric disorder (obsessive-compulsive disorder and bipolar
disorder, respectively), and healthy controls. Both studies found
that BADE performance distinguishes the high delusional sample
from the other groups. To our best knowledge, there have been
no studies comparing belief flexibility between patients with
schizophrenia and patients with unipolar depression, although
Everart et al. (55) found in a community sample that those with
a higher score of depression or social anxiety tended to be less
flexible on the BADE task. In view of the specificity of belief
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flexibility to psychotic delusions, it has been argued that belief
flexibility may be a putative mechanism of change in intervention
for delusions (42, 52, 56).

In summary, at least three constructs of flexibility have been
studied in psychiatric populations. Cognitive flexibility concerns
the accuracy and speed of responding to changing task demands,
explanatory flexibility concerns taking into account contextual
factors when attributing causes to negative events, and belief
flexibility concerns reviewing one’s own beliefs. While evidence
has accumulated for explanatory flexibility in depression and
belief flexibility in psychotic delusions, it is not clear whether
the same flexibility constructs are relevant across disorders.
Development of the RDoC framework has led to an increase in
emphasis on identifying similarities and differences in etiological
factors underlying various disorders, which may inform the
transdiagnostic application of process-based intervention (57,
58). Besides, while these flexibility constructs are measured using
different tools, they represent the extent to which one’s reasoning
shifts when confronted with new information, and it remains
unclear how these flexibility constructs may be related to one
another. For example, Eifler et al. (59) and Riccaboni et al. (60)
found that belief flexibility as measured by BADE was positively
associated with cognitive flexibility, but Moritz et al. (61) found
no association between the two. There has been no investigation
of explanatory flexibility with either cognitive or belief flexibility.
Exploring the inter-relationship between flexibility constructs
will help to deepen our understanding of the cognitive structure
of inflexibility in appraisal.

This study aimed to examine three constructs of flexibility
together across two psychiatric groups. The two chosen
groups were outpatients with MDD and schizophrenia-spectrum
disorder with delusions because these two groups have been
shown to have inflexible thinking. Key hypotheses were
as follows:

1. Compared to healthy controls, there will be reduced
cognitive flexibility in both the Delusion group and the
Depression group

2. Compared to healthy controls, there will be reduced
explanatory flexibility in both the Delusion group and the
Depression group.

3. Compared to healthy controls and the Depression group,
there will be reduced belief flexibility in the Delusion group

We also explored the associations between the flexibility
constructs across groups.

MATERIALS AND METHODS

The clinical groups were drawn from a randomised-controlled
trial on the effect of metacognitive training on cognitive bias
in schizophrenia and MDD (62). Data included in this study
were collected at baseline (i.e., before training). The clinical
trial was registered with the https://clinicaltrials.gov/ Protocol
Registration and Results System (NCT03449394) by the US
National Library of Medicine (NLM). Ethics approval was
obtained from the Joint Chinese University of Hong Kong -

New Territories East Cluster Clinical Research Ethics Committee
(2014.031) and the New Territories West Cluster Research Ethics
Committee (NTWC/CREC/18040).

Participants

The sample consisted of two clinical groups and a healthy
control group. All participants were aged between 18 and 65.
Inclusion criteria for the Delusion group were (i) a diagnosis
of schizophrenia spectrum disorder, and (ii) presence of active
delusions at the time of assessment [scoring > 3 on item P1 of the
Positive and Negative Syndrome Scale (PANSS)] (63). Inclusion
criteria for the Depression group were (i) a diagnosis of MDD,
and (ii) at least a moderate level of depression [total score > 20
on the Beck Depression Inventory-II (BDI-II)] (64). Exclusion
criteria for both clinical groups were as follows: drug-induced
or organic psychosis, bipolar disorder, a primary diagnosis of
substance misuse, learning disability (FSIQ < 70), previous
participation in cognitive/reasoning training program, psychotic
depression, and depression with psychotic features. The control
group consisted of age- and education-matched individuals who
did not have any psychiatric diagnosis. Patients were recruited
from hospitals via referral from the clinical team. Healthy
controls were recruited from the community in Hong Kong
through advertisements at educational institutions, churches,
public transport stations, and vocational training centres.

Measures

Psychiatric diagnoses were ascertained by the Chinese-bilingual
Structured Clinical Interview for DSM-IV Axis I Disorders (65).
Level of depression in the Depression group was confirmed by
the BDI-II (64).

Clinical Symptoms

For the Delusion group, schizophrenia symptoms were assessed
by using the Positive and Negative Syndrome Scale (PANSS)
(63) and the Psychotic Symptoms Rating Scale (PSYRATS) (66).
PANSS consists of 30 symptoms, rated on a 1 (absent) to
7 (extreme) scale. PANSS P1 indicates the overall delusional
severity. PSYRATS consists of the auditory hallucinations
subscale and the delusions subscale, with the latter being of
interest in this study. The delusions subscale has a score range of
0-24, with items rated on a 0-4 Likert scale. Good psychometrics
have been reported for PANSS and PSYRATS, respectively
(63, 66, 67).

For the entire sample, the severity of depressive symptoms was
measured using the Calgary Depression Scale for Schizophrenia
(CDSS) (68, 69). This semi-structured interview scale has
been extensively used to assess depression in patients with
schizophrenia. It has high inter-rater reliability, sensitivity,
specificity, and discriminant and convergent validity (70, 71). The
items are rated on a 0-3 scale, and the total score ranges from
0 to 27. Across groups, the level of anxiety was measured by
Generalised Anxiety Disorder 7-item scale (GAD-7) (72), which
has good validity and reliability (73, 74).
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Flexibility Measures
All participants completed the following measures assessing three
aspects of flexibility.

Cognitive Flexibility

The Trail-making task (TMT) was developed to assess an
individual’s ability to direct thoughts and actions when
monitoring alternating tasks (19). In Part A of the TMT, 25
numbered circles (1-25) are mixed and spread about on a
white sheet of paper. Participants are asked to connect them in
numerical order. In Part B, 13 numbered circles (1-13) and 12
circles with alphabetic letters (A-L) are mixed and spread about
on a white sheet of paper of the same size. Participants are asked
to connect them alternatively and in ascending order (i.e., 1-A-2-
B...). In both parts, participants are asked to complete the task
as quickly as possible. An experimenter would time the tasks
and point out any respondent’s errors immediately. Following
the original test manual, cognitive flexibility was calculated as the
difference in the completion time for Part B and Part A. A greater
TMT difference score indicates poorer cognitive flexibility. TMT
is one of the most commonly used measures for cognitive
flexibility, and its psychometric properties have been studied
widely (75, 76).

Explanatory Flexibility

Attributional Style Questionnaire (ASQ) (6, 77) is composed
of 12 hypothetical daily events, six positive (e.g., “You get a
raise.”) and six negative (e.g., “You go out on a date and it goes
badly.”). For each event, participant first provided a perceived
cause for its occurrence. Then, they rated the cause on a 1-to-
7-Likert scale regarding whether the cause was (1) external vs.
internal, (2) temporary vs. stable, (3) context-specific vs. global.
ASQ has acceptable-to-good internal consistency and reliability
(77). Following Fresco et al. (35, 37, 40), explanatory flexibility
was calculated as the standard deviation of the stability and
globality items for negative events. A higher score indicates
better explanatory flexibility, whereas a lower score indicates
inflexibility or rigidity.

Belief Flexibility

Belief flexibility was measured by the Maudsley Assessment
of Delusions Schedule (MADS) (45) and the Bias Against
Disconfirmatory Evidence Task (BADE) (47). Following the
MADS interview protocol, a trained experimenter facilitated
a discussion about the idiosyncratic affect-laden belief with
each participant individually. For the Delusion group, the
delusional belief as identified through the PANSS and PSYRATS
interview was assessed. For the Depression group and healthy
controls, belief flexibility was assessed in the context of
explanations of negative daily-life experiences. We first invited
the participants to focus on a specific experience that had
bothered them personally over the past 2 weeks (for examples,
see Table 1). Their interpretation about the event was then
elicited. Participants were asked about how strongly they believed
in that interpretation; only affect-laden beliefs that were held
with more than 50% conviction were further assessed for belief
flexibility. The procedure of identification and selection of the

idiosyncratic beliefs was comparable across the three groups. As
reported by Colbert et al. (78), among non-psychotic individuals,
belief flexibility would be more reduced in light of personally
meaningful beliefs than standard beliefs (e.g., “The sun will
rise tomorrow”). Therefore, we adopted personally meaningful
beliefs in this study for better sensitivity. Levels of conviction,
preoccupation and distress associated with the belief were rated
individually, using the PSYRATS score ranges.

Once the idiosyncratic belief was identified for the individual
participant, the interviewer asked in a semi-structured manner
if it was at all possible for the participant to be mistaken
about the belief (PM). Then the interviewer proposed a piece of
hypothetical and contradictory evidence, which, if true, would
convincingly challenge the participant’s belief, and assessed their
response for the “reaction to hypothetical contradiction” (RTHC)
item. Lastly, the interviewer asked the participant to provide
an alternative explanation (AE) for their experience (44). The
items PM, RTHC, and AE were rated on a dichotomous scale
(i.e., flexible/inflexible).

The BADE task is a computerised task that assesses
individuals’ reappraisal of beliefs in response to disconfirmatory
information presented for standardised scenarios. For each
scenario, participants were asked to rate the likelihood of four
predetermined explanations: one true, one absurd, and two
lure explanations. Initially, the scenario appeared to indicate
lure explanations. Two new pieces of information about the
scenario were then provided one by one. With each new piece
of information, the participants could adjust the ratings they had
given. Likelihood of explanations was rated on a 0-100 scale.
Following Woodward et al. (47), belief flexibility was calculated
as the difference score between the third and the first rating
of lure explanations, with a higher difference score indicating
greater flexibility.

Other Measures

General intelligence was estimated using the 4-subtest short
form of the Wechsler Adult Intelligence Scale - Third
Edition (79). Demographic information was collected via an
unpublished questionnaire.

TABLE 1 | Examples of idiosyncratic beliefs elicited for the assessment of belief
flexibility (MADS).

Delusion group:

- People keep coming after me.

- People deliberately coughed at me and swore at me.

- A device owned by the university is controlling my thoughts.

Depression group:

- Peers in my church overlooked me as if | was not there.

- My parents did not talk to me, which suggests that | am a disappointment to them.
- | failed to take care of my mother well enough.

Control group:

- A client who complained about me made trouble out of nothing.
- The renovation worker was irresponsible.

- My heavy workload has cost my leisure time with friends.

MADS, the Maudsley Assessment of Delusions Schedule. The sentences are translated
from Cantonese to English.
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Procedure

Following informed written consent, participants completed a
clinical interview which incorporated the above measures and
tasks, as well as brief questions on demographic information.
The assessment was conducted in a quiet lab by a graduate-
level psychologist or psychiatrist under the supervision of
expert interviewers.

Data Analysis

For group comparisons of categorical variables, we used the
chi-square test, followed by post-hoc Fisher’s exact approach
wherever significant differences were identified (80), with alpha
level adjusted for Bonferroni correction. Group comparisons
of continuous variables were performed on Kruskal-Wallis
Test or ANOVA test where appropriate. Kruskal-Wallis
comparisons were followed by Dunn’s test for post-hoc
Bonferroni comparisons (81, 82). ANOVA comparisons
were followed by Dunnett-Tukey-Kramer test for post-hoc
comparisons, considering its strength in reducing error rate
when sample sizes were unequal yet homogeneous variance
was assumed (83). We reported the Pearson correlation
between continuous variables and the biserial correlation
between categorical variables and continuous variables. Logistic
regression and ANCOVA were used to control for potential
covariates, including general intelligence and gender. Data
analysis was conducted using jamovi (version 1.2) (84) and
RStudio (version 1.2.5033) (85), both of which were based on R
(version 3.6.3) (86).

RESULTS

Sample Characteristics

Demographic characteristics of the three groups are shown in
Table 2. There was a significant group difference in gender, with
more females in the Depression group than the other groups (p
< 0.001). There was a significant group difference in estimated
intelligence (p < 0.001), with the control group outperforming
the two clinical groups, and the clinical groups not being different
from each other. The three groups were comparable on age and
year of education (ps > 0.05).

Within the Delusion group, the average PANSS scores
were as follows: total score = 51.41 (SD = 9.77), Positive
subscore = 14.73 (SD = 3.45), Negative subscore = 11.13 (SD
= 4.83), General Psychopathology = 26.13 (SD = 6.42), Severity
of delusions (P1) = 4.82 (SD = 1.15). The average number of
hospitalisations was 1.32 (SD = 1.88). The average antipsychotic
dosage (in chlorpromazine equivalents) was 492.04 (SD = 415.64,
range 13.03-1,592.84). Within the Depression group, the average
BDI-II score was 33.80 (SD = 11.91). The average number of
hospitalisations was 0.42 (SD = 0.71), which was significantly
lower than the Delusion group (Mann-Whitney U = 1,082.50,
p = 0.001, Cohen’s d = 0.64). The average antidepressant dosage
(in Fluoxetine equivalents) was 37.76 (SD = 26.13, range 4.98-
97.06).

As shown in Table 2, there were significant overall group
differences on GAD-7 and CDSS (ps < 0.001). On both measures,
the Depression group was higher than the Delusion group (ps

< 0.001), which in turn was higher than healthy controls (ps
<0.001).

Group Comparisons of Cognitive Flexibility
Means and SDs of flexibility indices are shown in Table 3. There
was a significant main effect of group. Pairwise comparisons
revealed that cognitive flexibility was significantly higher in
controls than the two clinical groups (mean difference with the
Delusion group = 2.67, p = 0.011; mean difference with the
Depression group = 3.04, p = 0.004); whereas the two clinical
groups did not differ significantly (p = 0.981). In follow-up
analyses, the main effect of group disappeared when controlling
for estimated IQ [F(,,131) = 1.80, p = 0.169, partial n% = 0.027].

Group Comparisons of Explanatory
Flexibility

There was no significant difference in explanatory flexibility
across groups (Table 3).

Group Comparisons of Belief Flexibility
Dimensions of beliefs across groups are shown in Table 2. On
MADS, there was a significant main effect of group in RTHC and
AE, but not PM (Table 3). The Delusion group was significantly
less flexible on the RTHC item compared to the other groups
[Fisher’s exact test = 3.17, odds ratio = 3.21 (95% CI = 1.35-
7.63), p = 0.012 with Depression and Fisher’s exact test =
7.31, odds ratio = 7.53 (95% CI = 2.73-20.8), p < 0.001
with Controls]. There was no significant difference between
the Depression and Control groups (p = 0.073). The ability to
generate alternative explanations was significantly reduced in
the Delusion group compared to the Control group [Fisher’s
exact test = 3.93, odds ratio = 4 (95% CI = 1.53-10.4), p =
0.006], whereas no significant difference was found between the
two clinical groups (p = 0.127) or between the Depression and
Control groups (p = 0.167).

As there were significant group differences in gender,
estimated IQ and emotional states, we analysed the
significant associations again controlling for these variables.
The results on belief flexibility remained significant
(ps < 0.05).

There was no
task performance.

group difference on the BADE

Association Between Flexibility Indices
Associations between flexibility indices are shown in Table 4. In
the entire sample (N = 143), the completion time difference on
TMT was negatively correlated with BADE difference score and
AE, indicating that higher cognitive flexibility was associated with
higher belief flexibility (as measured by BADE and MADS).
Among healthy controls (N = 30), TMT difference score
was negatively correlated with BADE performance and RTHC,
which indicated that higher cognitive flexibility was associated
with higher belief flexibility (as measured by BADE and MADS).
However, similar associations were not found in the two clinical
groups. Across groups, explanatory flexibility was not correlated
with cognitive flexibility (ps > 0.05). While explanatory flexibility
was positively correlated with belief flexibility (on BADE only) in
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TABLE 2 | Demographic characteristics and emotion states.

Delusion (N = 56)

Depression (N = 57)

Control (N = 30) Group comparisons

Gender (Female/Male) 26/30 47/10
Age 41.45 (13.83) 45.70 (13.07)
Education in years 11.66 (3.35) 10.89 (3.61)
WAIS-III 26.38 (6.38) 28.55 (6.40)
Hospitalisation 1.32 (1.88) 0.42 (0.71)
GAD-7 7.65 (5.66) 12.27 (5.28)
CDSS 3.57 (3.41) 11.14 (5.30)
Belief

Conviction 3.32 (0.77) 3.30 (0.66)
Preoccupation 2.26 (1.17) 2.27 (1.04)
Distress 2.43 (1.11) 3.26 (0.65)

16/14 X143 = 16.9, p < 0.001
44.87 (14.03) Kruskal-Wallis ) = 2.88,
p=0.237,¢* = 0.02
11.80 (3.69) Kruskal-Wallis ¥z = 2.1,
p=0.351, ¢ =001
32.69 (6.46) Flora7 = 8.84, p < 0.001

/ Mann-Whitney U = 1,082.50,
p = 0.001, Cohen’s d = 0.64

1.53 (2.06) Kruskal-Wallis x* = 59.20,
p < 0.001, ¢ =0.42

0.63(1.13) Kruskal-Wallis ¥ = 81.57,
p < 0.001, ¢ =0.57

3.00 (0.53) Kruskal-Wallis x*) = 6.86,
p =0.032,¢>=0.05

1.08 (0.64) Kruskal-Wallis x?p) = 29,
p < 0.001,¢*=0.17

1.48 (1.15) Kruskal-Wallis y*@) = 43.72,

p <0.001,¢>=0.25

Standard deviations are in parentheses. WAIS-IIl, Sum of Scaled Scores from the Short Form of Wechsler Adult Intelligence Scale-Ill; GAD-7, Generalised Anxiety Disorder 7-item Scale;

CDSS, Calgary Depression Scale for Schizophrenia.

the Control group (p < 0.05), it was negatively correlated with
belief flexibility (on MADS only) in the Delusion group (ps <
0.05). All correlation coefficients between flexibility indices in the
Depression group were small-to-moderate and non-significant.

DISCUSSION

The current study compared flexibility indices in patients with
delusions, patients with depression, and healthy controls. We
found that:

1. Compared to healthy controls, cognitive flexibility was
reduced in both the Delusion group and the Depression group.

2. The three groups did not differ in explanatory flexibility.

3. Compared to controls and the Depression group, belief
flexibility as measured by interview items was reduced in the
Delusion group, but not belief flexibility as measured by the
BADE task.

Our finding that both the Delusion group and the Depression
group had reduced cognitive flexibility was consistent with
previous studies (31), and lends support to the argument
that cognitive flexibility may be generally associated with
psychopathologies regardless of the diagnostic label (22-24).
It is of note that the difference between clinical groups and
healthy controls was no longer significant after controlling for
estimated IQ. Executive functions such as updating and set-
shifting that are crucial for TMT performance were shown to
be also associated with fluid and crystallised intelligence (87,
88), suggesting a considerable shared variance between the two.
Since general intelligence is typically lower in schizophrenia and
considered a risk factor for disease (89-91), the extent to which

such shared variance also overlaps with a genuine effect of the
psychopathology remains speculative.

Our hypothesis about explanatory flexibility was partially
supported. The comparable levels of explanatory flexibility
between the Delusion group and the Depression group replicated
Silverman and Peterson (38). As patients with psychotic
depression were excluded from this study, and the Delusion
group had a low CDSS score, the compromised explanatory
flexibility in the Delusion group cannot be explained by
depressive symptoms. Therefore, our results added to the
accumulating evidence that explanatory flexibility is not unique
to MDD but can be seen in other disorders as well. However,
while the level of explanatory flexibility in our Depression group
fell within the range of other MDD samples (39, 40), our
healthy controls manifested a comparable level of explanatory
flexibility, too. This initial finding, which potentially suggests
non-specificity of explanatory flexibility, warrants further testing
using a larger sample.

With regard to belief flexibility as measured by the clinical
interview, we compared the responses based on delusions in
the Delusion group, negative thinking in the Depression group,
and a negative and personally significant belief for the healthy
controls. Results on PM and RTHC were different. This was
consistent with previous research (46, 92), suggesting that RTHC
might rely on a different, if not deeper, level of reflections than
PM. Even on such a stringent test using idiosyncratic beliefs
that are salient to the individual participants, the Delusion
group still manifested the lowest belief flexibility on two of
the three MADS variables. While inflexible thinking has been
studied in depression literature [e.g., (14, 37, 93)], to our
knowledge, this was the first study that directly compared
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TABLE 3 | Means and SDs of flexibility indices.

Delusion Depression Control Group post-hoc pairwise
Comparisons comparisons
N M SD N M SD N M SD
Cognitive flexibility
TMT B-A 54 49.64 34.59 52 48.50 29.29 30 32.30 18.86  Kruskal-Wallis y*p = Delusion less flexible
10.13, p = 0.006, than Control,
g2 =0.08 Depression less flexible
than Control
Explanatory flexibility
ASQ 55 1.45 0.50 56 1.45 0.63 29 1.44 0.54  Fpi37 =0.01,
p =0.995
Belief flexibility
PM X142 = 5.31,
p =0.070
Inflexible 32 29 9
Flexible 24 28 20
RTHC X141y = 17.14, Delusion less flexible
p < 0.001 than Depression and
Control
Inflexible 46 33 iR
Flexible 10 23 18
AE X’@,141) = 8.76, Delusion less flexible
p=0.013 than Control
Inflexible 36 27 9
Flexible 20 29 20
BADE Dif 45 23.19 23.62 55 16.39 16.95 30 22.32 17.51 Kruskal-Wallis

Xz(g) = 273,
p =0.255, ¢ = 0.02

TMT, Trail-Making Test; ASQ, standard deviation for negative events on the Attributional Style Questionnaire; PM, possibility of being mistaken; RTHC, reaction to hypothetical
contradiction; AE, alternative explanation; BADE, Bias Against Disconfirmatory Evidence Task; Dif, difference score; El, evidence integration; CV, conservatism. Pairwise comparions

were Bonferroni corrected.

TABLE 4 | Correlations between flexibility indices within each group.

All (N = 143) Delusion (N = 56) Depression (N = 57) Control (N = 30)
T™MT AsSQ T™MT ASQ T™MT ASQ T™MT AsSQ
ASQ 0 / 0.22 / —-0.13 / -0.23 /
PM -0.14 -0.21 -0.13 —0.46™* —0.01 -0.14 -0.17 0.06
RTHC -0.18 -0.13 -0.12 —0.04 0.03 -0.19 —0.50* -0.22
AE —0.30** -0.19 -0.24 -0.37* —0.30 -0.12 -0.24 -0.10
BADE Dif -0.21* 0.08 -0.24 -0.07 —0.11 0.10 -0.39" 0.37*

Pearson correlations (without Bonferroni correction) were reported among BADE, ASQ, and TMT, whereas biserial correlation among PM, RTHC, AE, ASQ, and TMT. TMT, Trail-Making
Test difference score; ASQ), standard deviation for negative events on the Attributional Style Questionnaire; PM, possibility of being mistaken; RTHC, reaction to hypothetical contradiction;
AE, alternative explanation; BADE, Bias Against Disconfirmatory Evidence Task; Dif, difference score; El, evidence integration; CV, conservatism; ', p< 0.05. **, p< 0.01.

individuals with psychotic delusions with individuals with MDD.
Our finding lends support to the specificity of belief flexibility
(measured on MADS) to patients with delusions. Our finding was
consistent with our recent treatment trial (62) where change in
belief flexibility did not moderate improvement in depression.
However, the BADE difference score appeared to be smaller
in the Depression group than the other two groups (albeit
not statistically significant), which raises the possibility that
the Depression group may be less flexible on the BADE task.

Together with Everaert et al. (55), which found a similar pattern
in a community sample, the possibility that individuals with
depression may have reduced belief flexibility (although not as
low as individuals with delusions) cannot be completely ruled out
and is worth further investigation.

We explored the associations between flexibility constructs,
which should be interpreted with caution, given the small
group sizes. We found that higher cognitive flexibility was
associated with higher belief flexibility, especially in the control
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group. Such association was consistent with Eifler et al. (59)
and Riccaboni et al. (60). Since the association was evident
for both interview and standardised task measures of belief
flexibility, it is not likely to be an artefact of the nature of
the task. As argued by Baddeley (94) and Banich (95), effortful
modulation of mental processes (as opposed to autonomous,
routine ones) may require activation of executive functioning.
Such correlation was weaker (and not significant) in the clinical
groups, which could possibly be attributed to the poorer
cognitive flexibility in these groups. The hypothesis that cognitive
flexibility might underlie other forms of flexibility was not
fully supported, as cognitive flexibility was not associated with
explanatory flexibility across groups. The association between
explanatory flexibility and belief flexibility was equivocal, with
a positive association manifested in the Control group, and a
negative association in the Delusion group. What explanatory
flexibility entails remains unclear. On the one hand, there is
preliminary evidence that explanatory flexibility decreases when
the negative mood is induced, leading to the argument that
explanatory flexibility may be a result of a negative mood state
(34, 40). On the other hand, the way explanatory flexibility
is measured (i.e., standard deviation of ASQ item responses)
may reflect participants’ extreme responding and jumping-to-
conclusions tendencies, which are particularly marked among
patients with delusions and have been shown to be associated
with lack of belief flexibility (12, 13, 42). Further research
on explanatory flexibility will enhance our understanding of
this construct and its role in making (re-)appraisals across
psychiatric groups.

There are several limitations to the study. Firstly, the sample
sizes were unequal, which might compromise the statistical
power and lead to a type II error (96). We chose tests less
impacted by unequal group sizes, but the results await replication.
Secondly, this was a cross-sectional study, leading to no causality
findings of the relationship between flexibility and diagnosis
or symptoms. Longitudinal research would further shed light
on whether flexibility, or in this case the lack thereof, leads
to, perpetuates, results from, or only co-occurs with any single
symptom or a particular diagnosis. Thirdly, we included the most
commonly used measures of flexibility, which led to an imbalance
in the number of measures across flexibility constructs. In
particular, even though the TMT task is widely used to measure
flexibility, this task is dependent upon motor speed function,
which is affected in these disorders. It is unsure whether including
another measure of cognitive flexibility, such as the Wisconsin
card sorting task, would further strengthen the investigation. Our
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