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Abstract
Objective: Delusional disorder has been traditionally considered a psychotic syndrome that does not evolve to cognitive
deterioration. However, to date, very little empirical research has been done to explore cognitive executive components
and memory processes in Delusional Disorder patients. This study will investigate whether patients with delusional disorder
are intact in both executive function components (such as flexibility, impulsivity and updating components) and memory
processes (such as immediate, short term and long term recall, learning and recognition).
Methods: A large sample of patients with delusional disorder (n = 86) and a group of healthy controls (n = 343) were
compared with regard to their performance in a broad battery of neuropsychological tests including Trail Making Test,
Wisconsin Card Sorting Test, Colour-Word Stroop Test, and Complutense Verbal Learning Test (TAVEC).
Results: When compared to controls, cases of delusional disorder showed a significantly poorer performance in most
cognitive tests. Thus, we demonstrate deficits in flexibility, impulsivity and updating components of executive functions as
well as in memory processes. These findings held significant after taking into account sex, age, educational level and
premorbid IQ.
Conclusions: Our results do not support the traditional notion of patients with delusional disorder being cognitively intact.
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to date, even though neuropsychological research might provide
support to some of the current theories accounting for delusion
formation and maintenance in DD [5].
On the other hand, recent studies have demonstrated that
executive function is far from being a unitary concept [6,7]. Three
of the most postulated executive functions components proposed
in the literature are Flexibility or Shifting (Ability to shift between
different tasks or elements of the same task), Impulsivity or Inhibition
(ability to inhibit inappropriate responses) and Updating (ability to
incorporate relevant information and remove non relevant).
Although they seem to correlate with each other, it has also been
proven that they are clearly distinct components of executive
function [8–11]. We find it reasonable to hypothesize that
impairments in these components could be related with delusional
symptoms in DD. Thus, a failure in Flexibility could account for the
rigidity with which DD patients hold their delusional beliefs.
Similarly, some known cognitive biases of psychosis, such as an

Introduction
Delusional disorder (DD) is a psychotic disorder whose most
prominent symptomatology is the presence of delusional beliefs
[1]. The disorder is, thus, characterized by false beliefs that are
held with high certainty despite evidence against them and that are
typically accompanied by negative affect and exaggerated
vigilance [2]. These delusional beliefs are usually monothematic
and encapsulated, and normally lack the bizarreness of schizophrenic delusions [3].
Many authors have proposed that patients with DD are
cognitively intact, and some have even suggested that this would
be a prerequisite for diagnosis, since elaborated delusions require
an intact neurocognitive system [2]. Besides, one of the clinically
defined features of DD is precisely the lack of a marked functional
impairment [4]. However, very limited evidence on executive
functions components and memory processes in DD patients exists
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inability to ignore implausible explanations or a tendency to early
jumps to conclusions (JTC), could be based on executive function
impairments such as Impulsivity or Inhibition. Finally, malfunction at
the Updating component could cause difficulties in managing
information what, in turn, could prompt delusional explanations.
Besides, the role of memory processes in the formation and
maintenance of delusions remains unclear, although they could
also be at the basis of some of biases consistently reported to lead
to delusion formation.
Given the split nature of executive functions and memory
processes, separate neuropsychological measures are needed [12].
Only a handful of studies with limited samples sizes has
investigated complex cognitive functions such as attention, verbal
and motor skills, abstraction, cognitive flexibility, verbal and
sustained attention and verbal learning and memory in patients
with DD [13–22]. Some of these studies have shown subtle
impairments in executive functions and memory among DD
patients as compared to controls, and some others found little
differences between DD patients and patients with paranoid
schizophrenia, supporting the currently prevailing notion of a
continuum of psychotic symptoms [23].
Despite the acknowledged importance of executive and memory
processes in psychotic disorders, very little empirical research has
been done to date to clarify the neuropsychological mechanisms
underpinning DD. The present study aims to empirically explore
memory and executive components of flexibility, impulsivity and
updating in a relatively large sample of DD cases as compared
with a large group of healthy controls. We hypothesized that DD
patients will show impairments in executive function components
and memory and learning processes as compared to healthy
controls.

Table 1. Sociodemographic and clinical descriptives of
patients with delusional disorder (n = 86).

Sex

33 (38.4)

Female

53 (61.6)

Subtype of delusional disorder
Persecutory

51 (59.3)

Jealous

19 (22.1)

Somatic

3 (3.5)

Erotomaniac

4 (4.7)

Grandiose

4 (4.7)

Mixed

5 (5.8)
Mean6 SD

Age at assessment (Years)

53.9614.4

Age at onset (Years)

39.6614.3

Years since onset

14.6612.2

Psychopathology
PANSS positive scale

13.864.5

PANSS negative scale

9.962.8

PANSS general
psychopathology scale

23.864.8

Functionality
Cognitive (MMSE)

27.662.4

Social (GAF)

63.9611.3

Key: PANSS, Positive and Negative Syndrome Scale for Schizophrenia; MMSE,
Mini Mental State Examination; GAF, Global Assessment of Functioning.
doi:10.1371/journal.pone.0067341.t001

Methods
Ethics Statement

consisted of 86 DD cases. A summary of their main clinical
features is provided in Table 1.
On the other hand, a total of 352 controls volunteered to
participate in this study. They were all recruited in Granada
(Spain) while attending a training program for unemployed people
organized by the Andalusian Employment Service. Inclusion
criteria were: a) Not fulfilling diagnostic criteria for any current
psychotic, severe affective disorder (mania or severe depression) or
substance related disorder DSM-IV Axis I as identified after
administering the Mini International Neuropsychiatric Schedule (M.I.N.I.)
[26] (9 participants excluded); b) being older than 18 years of age.
Exclusion criteria were: a) scores on MEC-30 under 24; b) overt
traumatic brain injury; c) significant loss of consciousness; and d)
neurological disorder. A final sample of 343 healthy participants
took part in this study. Not all controls undertook all tests due to
the multiple assessment sessions, and Table 2 shows the groups
sizes for each measure.

All participants were provided with a complete description of
the study and returned a signed written informed consent prior to
their voluntary participation. In patients legally deemed compromised in their decision-making, we sought additional signed
agreement from those holding power of attorney. This study was
approved by the ethics committees of Sant Joan de Déu-Mental
Health Service (Barcelona) and University Hospital San Cecilio
(Granada). This study has been performed in accordance with the
ethical standards laid down in the 1964 Declaration of Helsinki.

Participants
This is a case-control study in which 429 participants were
included (86 DD cases and 343 healthy controls). DD cases
sampling is described in detail elsewhere [24]. In brief, cases were
obtained from the computerized case register of Sant Joan de DéuServeis de Salut Mental (San Joan de Déu-Mental Health Services,
SJD-SSM). Inclusion criteria were: a) fulfilling diagnostic criteria
for DD after administering the Structured Clinical Interview for DSMIV Axis I Disorders (SCID-I) [25]; b) being older than 18 years of age;
c) living in the catchment area of SJD-SSM; d) having attended the
outpatient clinic at least once over the previous six months; and e)
patient’s agreement to participate. Exclusion criteria were: a) not
completely fulfilling diagnostic criteria for DD; and b) having a
diagnosis of mental retardation. Of the total sample of patients
with a diagnosis of DD in the computerized case register, 106 were
randomly selected for this study. Of the 106 selected cases, 6
patients refused to participate in the study, 8 were not invited to
take part by their psychiatrist, and six patients did not have a
confirmed diagnosis of DD. Thus, the final sample for the study
PLOS ONE | www.plosone.org

n (%)

Male

Instruments and Measures
The interviews and neuropsychological assessment took approximately two hours in healthy controls and four hours in DD
cases. The difference in time between patients and controls was
mainly due to the clinical assessment in patients that was not
performed in healthy controls, and to the increased time taken by
patients to perform the tasks. To avoid bias related to fatigue, the
assessment was distributed in different sessions. Participants were
assessed by post-graduate psychologists who were specifically
trained to administer all used instruments.
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Table 2. Sociodemographic data and comparisons between patients with delusional disorder and healthy control groups.

Cases
(n = 86)

Control Group for
Trail Making Test
(n = 336)

Control Group for
Wisconsin Card Sorting Test
(n = 31)

Control Group for
Color-Word Stroop Test
(n = 75)

Control Group for
TAVEC Test
(n = 267)


X
(SD)


X
(SD)


X
(SD)


X
(SD)


X
(SD)

Age
(Years)

53.97
(14.43)

34.90
(11.11)

163.30 ,.05*

Educational
Level (Years)

8.77
(5.09)

12.18
(4.21)

37.50

Premorbid IQ

115.00
(14.13)

118.11
(13.10)

4.74

No.
Women
(%)

No.
Women
(%)

53
(61.6)

178
(53.0)

Sex

F

P

F

p

F

p

30.58
(10.57)

68.03

,.05*

,.05*

14.29
(4.07)

29.56

.30*

121.38
(12.59)

4.88

25.97
(3.84)

265.44

,.05*

,.05*

13.00
(4.11)

33.02

.029*

118.07
(20.28)

6.41

No. Women
(%)

.492{

F

p

37.86
(11.42)

112.99

.,.05*

,.05*

11.77
(4.38)

28.15

,.05*

.012*

117.61
(13.21)

2.85

.04*

No. Women
(%)

24
(77)

.112{

37
(49.3)

No. Women
(%)

.152{

122
(45.7)

.010*{

{
Chi-square asymptotic significance (bilateral).
doi:10.1371/journal.pone.0067341.t002

Sociodemographical and clinical assessment. The sociodemographic factors recorded for this study were: a) Sex: male/
female; b) Age: in years; c) Educational level: in years of schooling;
and d) premorbid IQ: estimated by a Spanish version of Barona,
Reynolds, & Chastians [27] formula developed by Bilbao-Bilbao
and Seisdedos [28].

Neuropsychological assessment: Memory and learning
domain. Complutense Verbal Learning Test (TAVEC) [39]. The

TAVEC is the Spanish version of the California Verbal Learning
Test (CVLT) [40,41] and is used for the assessment of different
memory and learning processes, such as immediate recall, short
and long term memory with and without semantic clues and
recognition.

Neuropsychological
assessment:
Flexibility
domain. Trail Making Test (TMT) [29]. The TMT has been

described as a visuomotor tracking task with different processing
demands for each part [30]. Some studies have shown that
particularly TMT B is an excellent measure of Shifting (flexibility)
[31,32].
Computerized version of Wisconsin Card Sorting Test (WCST)
[33]. The WCST is one of the most frequently used tests assessing
executive functioning in clinical settings [34]. WCST is generally
used to measure the capacity to deduce concepts and to apply a
strategy to adapt behaviour to changing conditions [30]. Recent
studies have shown that errors primarily tap on the Shifting/
Flexibility component of executive function [8–11].
Both TMT and WCST have recently been shown to be
independent from psychotic positive symptoms severity [35],
which makes them valuable tools when assessing both patients and
healthy controls.

Statistical Analyses
First, an analysis to check whether cases and controls were
equivalent on the main socio-demographic variables (sex distribution, age and educational level) was performed. Premorbid IQ was
also included given that it is known to be a relevant variable
regarding neuropsychological tests variance. Since not all controls
undertook the full battery of tests, these analyses were performed
on a group by group basis. Sex distribution differences were
analyzed using Chi-square tests, and the remaining demographic
factors were explored using univariate ANOVA tests. Differences
on the neuropsychological tests scores between cases and controls
were investigated via univariate ANCOVA analyses in order to
reduce the potential confounding effect of sex distribution, age,
years of schooling and premorbid IQ.
We used Bonferroni method to correct for multiple testing and
established a p-value of.002 to consider a difference as statistically
significant.

Neuropsychological
assessment:
Impulsivity
domain. Colour-Word Stroop Test (STROOP) [36]. The Colour-

Word Stroop Test measures cognitive processing and dimensions
such as cognitive flexibility, resistance to interference from outside
stimuli and creativity [30]. Colour-Word Stroop test has been
proved to tap primarily on the Inhibition/Impulsivity component of
executive functioning [11,37].

Results
The sociodemographic data for all the groups participating in
this study are shown in Table 2. DD cases showed to be older and
to have a lower educational level and a lower premorbid IQ than
controls. On the contrary, no statistically significant difference was
found between cases and controls in sex distribution except for
TAVEC test group, with a higher percentage of women among
the cases. Given that group size for WCST was the shortest,
analyses comparing WCST group versus the remaining groups in
terms of sex distribution, age, educational level and premorbid IQ
were also performed. These showed statistically significant
differences for all the studied sociodemographic variables (all
p,.05). All these results justified the use of ANCOVA analyses,

Neuropsychological assessment: Updating domain
(reasoning and working memory). This domain was assessed

using the number of categories completed in the WCST and the
score in immediate recall in trial 1 on the TAVEC test. The
former is considered to be a sensitive indicator of abstract reasoning
[38] which is a key element for the Updating component of
executive function [11].
The latter has been shown to be a sensitive indicator of working
memory span [30], hence also assessing the Updating component of
executive function.
PLOS ONE | www.plosone.org
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*Level of significance p = .002 after Bonferroni correction.
doi:10.1371/journal.pone.0067341.t003

2.34

1.80
,.002*

,.002*
52.24

17.48
3.15–4.41

51.62–63.69

3.78 (.31)

1.67–2.43

57.65 (3.04)

2.05 (.19)
,.002*
70.60

119.51

1.68 (1.4)
No. of Categories

63.23 (15.98)
26.52 (15.38)
Conceptual Level Responses

4.61 (1.85)

,.002*

29.05 (1.84)

25.39–32.71

.33

.43
.005

.022
5.43

8.18
16.45–24.08

15.75–24.19
10.97–16.08

10.80–15.42
20.26 (1.92)

19.97 (2.12)

13.11 (1.16)

13.52 (1.28)

.049*

.119
2.48

3.96
17.97 (9.25)
14.16 (8.62)

14.49 (9.04)

Perseverant Errors

Non-Perseverant Errors

19.81 (10.64)
16.63 (11.44)

17.87 (11.65)

.29

.46
.001*

.017
5.88
18.07–27.73
12.29–18.15
22.90 (2.43)
15.22 (1.47)
.194

p

Perseverant Responses

1.71

11.97

F
(n = 31)

34.24–46.23
23.01–30.27

(n = 86)
(n = 31)

26.64 (1.82)
.024*

40.23 (3.02)

(n = 86)
p

5.23

F
(n = 31)

Total Errors

35.84 (20.04)

(n = 86)

28.65 (11.17)

WCST

1.52
,.002*

p

,.002*
59.51
87.38–107.68
97.53 (5.16)
259.30 (237.89)
Part B (secs.)

87.57 (42.06)

67.09

,.002*

209.35 (12.92)

183.95–234.75

86.98

F
(n = 336)

39.07–45.78
78.04–94.32

(n = 86)
(n = 336)

42.42 (1.70)

(n = 86)

86.18 (4.14)
,.002*

p
F

105.78
38.32 (16.97)

(n = 336)
(n = 86)

105.33 (71.26)

TMT

Part A (secs.)

Controls
Cases
Controls
Cases

95% Confidence Interval
Estimated Marginal Means
and Standard Error

(by age, educational level and
premorbid IQ)
Controls

In summary, our results show empirical evidence that DD cases
performed worse than controls in both a variety of components of
executive function and in memory tasks. Thus, DD patients
showed lower levels of flexibility, slower speed processing,
restricted capacity for learning, updating and inhibiting inappropriate information and poorer memory and reasoning. Our
findings were independent of potential confounding effects of sex,
age, educational level and premorbid IQ.
Some authors have postulated that patients with DD are
cognitively intact [2] and this disorder has indeed been traditionally described as not evolving to defective states [4,42]. However,
our findings provide consistent empirical evidence demonstrating
the contrary, at least on the tested areas of executive function,
memory and learning. It must be said, though, that a few studies,
using smaller samples and without the direct objective of looking
into these specific cognitive functions, had previously provided
some similar evidence [13,14,43]. However, to the best of our
knowledge, this is the first study investigating all components of
executive function and memory processes together in a relatively
large sample of DD patients as compared to healthy controls.

Cases

Main Findings, Strengths and Limitations

Unadjusted Model

Discussion

Calculated Means
and Standard Deviations

Table 3. Descriptive scores and comparisons between patients with delusional disorder and healthy controls in the flexibility domain.

Adjusted Model

Cohens d

controlling for sex distribution (where necessary), age, educational
level and premorbid IQ.
Unadjusted and adjusted comparisons between DD cases and
controls in the four studied domains are shown in detail in Tables 3
to 6.
When the Flexibility domain was considered (Table 3), results
showed statistically significant differences both in part A and B of
the Trail Making Test, cases being slower than controls. Very
large effect sizes were found for both measures. Analyses also
showed statistically significant differences on all WCST variables
with the initial level of significance (p,0.05), but significance
disappeared for Perseverant Responses, Perseverant Errors and NonPerseverant Errors scores when the corrected level of significance was
adopted (p,0.002). Cases tended to make significantly fewer Total
Errors showing a small effect size of.46. Besides, the number of
Conceptual Level Responses and No. of categories were also significantly
smaller in cases than in healthy controls and effect sizes for both
variables were very large.
In the Impulsivity domain (Table 4), the differences between cases
and controls on the majority of scores were statistically significant
and effect sizes ranged from 1.07 to 1.63. Cases tended to name
fewer Words and fewer Colours, to show lower scores on the Word &
Colour subtest, and to have a lower PC’ index. However, scores in
Interference were not statistically different for cases and controls.
As for the Updating domain (Table 5), results showed that the
Number of Categories completed was significantly smaller in cases
than in controls and effect size was very large (Cohens d of 1.80).
Also, cases showed a significantly poorer performance on Immediate
Recall in Trial 1, with a large effect size of.82.
Finally, with regard to memory and learning processes (Table 6),
statistically significant differences were found in all the studied
variables except for Perseverations. Cases showed lower scores on
Immediate Recall at trial 1, Immediate Recall at trial 5, Total Words, Short
and Long Term Free Recall and Hits in Recognition. Additionally, cases
showed higher scores on most error variables in this test, this is:
Intrusions in Free Recall and False Positives in Recognition. Effect sizes
were large or very large for all the scores except for Intrusions in Free
Recall and False Positives in Recognition (Cohens d of.41 and.54
respectively).

1.23
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54.14 (16.86)

34.05 (12.50)

31.89 (9.30)

2.27 (8.50)

Words

Colours

Words & Colours

PC

Interference

4.18 (9.99)

42.71 (4.01)

46.91 (11.57)

75.97 (11.09)

98.63 (5.45)

(n = 75)

Controls

1.47

85.80

39.88

84.35

56.00

F

.228

,.002*

,.002*

,.002*

,.002*

p

Unadjusted Model

43.61 (1.77)

37.84 (1.97)

1.07 (1.63)

5.22 (1.47)

38.38 (.91)

67.78 (1.87)

63.58 (2.08)

36.77 (1.01)

(n = 75)
90.34 (2.24)

(n = 86)

Controls

88.01 (2.50)

Cases

Estimated Marginal Means
and Standard Error

22.16–4.30

34.77–38.77

33.93–41.75

59.46–67.70

83.06–92.96

(n = 86)

Cases

2.32–8.13

36.58–40.18

40.09–47.13

64.07–71.49

85.89–94.79

(n = 75)

Controls

95% Confidence Interval

5

1.68 (1.4)
6.47 (2.04)

4.61 (1.85)

*Level of significance p = .002 after Bonferroni correction.
doi:10.1371/journal.pone.0067341.t005

Immediate Recall Trial 4.77 (2.13)
1 (TAVEC)

No. of Categories
(WCST)
32.63

70.60
,.002*

,.002*

p

F

Cases

Controls

Unadjusted Model

Calculated Means
and Standard Deviations

3.78 (.31)
6.27 (.12)

5.49 (.25)

Controls

2.05 (.19)

Cases

Estimated Marginal Means
and Standard Error

5.00–5.99

1.67–2.43

Cases

6.03–6.51

3.15–4.41

Controls

95% Confidence Interval

Table 5. Descriptive scores and comparisons between patients with delusional disorder and healthy controls in the updating domain.

*Level of significance p = .002 AFTER Bonferroni correction.
doi:10.1371/journal.pone.0067341.t004

(n = 86)

78.46 (22.60)

STROOP TEST

Cases

Calculated Means
and Standard Deviations

p

.070

,.002*

,.002*

,.002*

,.002*

25.45

17.48

F

,.002*

,.002*

p

(by age, educational
level and premorbid IQ)

Adjusted Model

2.09

40.64

14.91

37.23

22.94

F

(by age, educational level
and premorbid IQ)

Adjusted Model

Table 4. Descriptive scores and comparisons between patients with delusional disorder and healthy controls in the inhibition/impulsivity domain.

.82

1.80

Cohens d

.21

1.63

1.07

1.56

1.44

Cohens d
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.54
*Level of significance p = .002 after Bonferroni correction.
doi:10.1371/journal.pone.0067341.t006

.91
,.002*

,.002*
25.34

18.63
14.86–15.26
13.18–14.01

1.88–3.02

15.06 (.10)

1.47 (.14)

13.59 (.21)

2.45 (.29)

As pointed out by Abdel-Hamid & Brüne [3], cognitive flexibility
in DD patients had not been previously tested. In our study, we
found that DD cases had a poorer performance in most Flexibility
tasks. For instance, cases were slower in TMT part B and effect
size for this variable was very large (Cohens d = 1.23), which is
generally interpreted as poor cognitive flexibility [44]. Furthermore, WCST has classically been one of the preferred tests to
measure cognitive flexibility. In our study, DD cases unexpectedly
showed better scores (fewer errors) on Total Errors although effect
size showed to be quite small (Cohens d = .46). Previous findings in
patients with DD [14] and other psychotic patients [45] made it
reasonable to expect the opposite finding. Nevertheless, our
findings might be explained by the hyper-attentiveness consistently
found in DD patients [46]. This high vigilance together with the
motivational need to avoid harm (errors) could be a plausible
explanation for our results, and would give support to theories
based on perceptive and motivational deficits in DD [5]. On the
other hand, patients showed a significantly lower number of
Conceptual Level Responses and Categories with very high effect sizes
(Cohens d of 2.34 and 1.80 respectively), both measures being
considered as prime elements of the flexibility component within
WCST. On the whole, our interpretation is that the Flexibility
component of executive function is impaired in patients with DD.

.059

,.002*
10.17

Flexibility

3.64

15.12 (1.16)

1.42 (3.16)

13.38 (2.67)

3.30 (3.83)
False Positives in Recognition

Hits in Recognition

The main advantage of the study is the relatively large sample of
86 rare DD cases. However, a number of limitations do exist.
Given that cases come from a clinical outpatient setting, controls
were necessarily obtained from a different source. Indeed, controls
were drawn from a selected pool of unemployed people and come
from a different geographical province in Spain and this can limit
the generalizability of our findings. Admittedly, a degree of
selection bias was present as cases and controls tended to differ
systematically in most sociodemographic variables. Nonetheless, in
an attempt to counteract such plausible biases, we performed
ANCOVA analyses adjusting for all the potential confounders,
including sociodemographic and educational variables. Additionally, a high attrition rate was observed in the control group. This
happened mainly because participants finished or quitted the
course they were attending and/or they moved to another city
trying to find a job. Lack of detailed personal information due to
confidentiality concerns and difficulties in providing participants
with appropriate incentives also contributed to this attrition rates.
However, analyses comparing those who dropped out with
participants who completed both sessions showed no significant
difference (all p..05) in most sociodemographic measures,
meaning there was no attrition bias in our control sample.
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Immediate Recall Trial 1

(by sex distribution,
age, educational level
and premorbid IQ)

95% Confidence Interval
Estimated Marginal Means
and Standard Error
Unadjusted Model
Calculated Means
and Standard Deviations

Table 6. Descriptive scores and comparisons between patients with delusional disorder and healthy controls in memory and learning.

Adjusted Model

Cohens d

Neuropsychological Deficits in Delusional Disorder

Impulsivity
Performance in the Stroop test reflects functioning on the
Inhibition/Impulsivity domain. The number of Words and of Colours
was significantly smaller among cases, which is an evidence for low
processing speed. Although Stroop tests have been traditionally
considered a measure of focused attention and processing speed,
they also assess inhibition of inappropriate responses since they
point to the ability to change attention voluntarily from one aspect
of the stimulus to another [47]. Scores in Interference showed to
be not statistically different between cases and controls in our
sample. However, cases did tend to show a smaller number of
colours named in the Word & Colour task with a very large effect
size of 1.07, which points to the existence of an impairment in
Inhibition among DD patients.
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Jumping to Conclusions (JTC) bias is not a consequence of a
memory deficit. We suggest that future research should address the
role of memory deficits in this and other cognitive biases found in
psychoses.

Reasoning and Working Memory
Cases completed a lower Number of Categories in the WCST. This
score is highly related to abstract reasoning, which is one of the most
popular factors contributing to the Updating domain. Besides, our
results showed that DD cases scored significantly below controls
on Immediate Recall in Trial 1, indicating a reduced working memory
span. Besides, effect sizes for both measures were quite large
(Cohens d of 1.80 and.82 respectively). Taking all these results
together we conclude that this impairment in the Updating domain
might make it difficult to manage information and interact with
the social environment which could, in turn, contribute to delusion
formation (47).

Conclusion
We demonstrated that executive functions components such as
Flexibility, Impulsivity, reasoning and working memory together with
memory and learning processes are clearly poorer in DD cases
than in healthy controls. This is true with the exception of some
areas on which cases seem to perform better than controls,
possibly indicating hypervigilance to some selectively abstracted
stimuli [49]. Our results are not in line with the traditional notion
of cognitive preservation in DD patients. On the contrary, if
compared with previous studies on schizophrenia, executive
function in DD could be postulated as being half-way between
that of patients with schizophrenia and controls [50]. However,
our sample of cases and controls differ in some essential
characteristics and the generalizability of our findings is limited
as our results need replication from more robust studies comparing
DD cases with matched controls from the same population pool.

Memory and Learning
In addition to lower scores in Immediate Recall in Trial 1, cases
also showed lower scores in Immediate Recall in Trial 5 and Total
Words, suggesting that DD cases have also difficulties in learning
new information. Moreover, when we compared immediate and
delayed free recall (Short Term and Long Term Free Recall) with
Recognition, we found higher scores on the latter, which is a
characteristic pattern of impairment in retrieval memory. Unexpectedly, cases and controls did not differ in Perseverations what,
again, might point to hypervigilance, a trait that can be found in
patients with DD. Furthermore, cases scored higher than controls
on False Positives in Recognition, suggesting that indeed these patients
could be highly motivated to avoid harm (i.e., errors) and
hyperattentive [3]. However, this increased number of false
positives was not associated with a higher score in Recognition Hit,
an indication of a potential general impairment in long term
memory plus a bias toward making up for their deficit via false
positives recognition. In summary, DD cases showed a poorer
performance on all memory tasks, including immediate, short and
long term memory with large to very large effect sizes, which
might be against Garety & Freemans [48] notion that DD patients
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