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Abstract: Recent research suggests that cognitive deficits in individuals with psychotic disorders
could be overestimated because poor cognitive test performance is partly attributable to non-cognitive
factors. To further test this, we included non-hospitalized individuals with psychotic disorders (PSY,
n = 38), individuals with attenuated psychotic symptoms (n = 40), individuals with obsessive-
compulsive disorders (n = 39), and healthy controls (n = 38). Relevant cognitive domains were
assessed using the MATRICS Consensus Cognitive Battery. Putative confounding non-cognitive
factors—heart rate, self-reported stress, negative affect, performance-related beliefs, and actigraphy-
derived sleep—were assessed before cognitive testing. A multivariate analysis of covariance was
calculated to examine group differences in cognitive performance while controlling for non-cognitive
factors. PSY showed decreased test performance in graphomotor speed, attention, and verbal tasks
compared to the other groups, whereas non-verbal/visual-spatial tasks were unimpaired. After
accounting for non-cognitive factors, group differences diminished in verbal learning, whereas
differences in the other domains remained significant. Against our hypotheses, the present findings
indicate that some cognitive deficits in PSY cannot be attributed to momentary confounding factors.

Keywords: delusions; sleep; defeatist-beliefs; actigraphy; verbal learning

1. Introduction

Deficits in cognitive functioning are well documented and considered to be one of
the core features of psychosis [1]. Cognitive deficits are present in first-degree relatives of
individuals with psychotic disorders [2], as well as in individuals at-risk for psychosis [3],
and are therefore considered to be a central vulnerability factor for psychotic disorders,
as emphasized in vulnerability-stress models [4]. Notably, cognitive deficits are also
considered to be the leading cause of persisting functional and related disabilities in
patients with psychotic disorders [5]. This highlights the need to further investigate and
understand the determinants of cognitive impairments in these individuals.

Although decades of research suggest that cognitive deficits in individuals with
psychotic disorders are both generalized and stable [6], there is great heterogeneity between
studies [1], and a variety of non-cognitive factors such as stress, negative affect, and
motivation, can affect cognitive performance [7]. In line with this, some researchers have
speculated that cognitive deficits in psychosis may be partly explicable by confounding
non-cognitive factors, and thus may be overestimated [8,9]. To confidently exclude an
overestimation of cognitive deficits in psychotic disorders, it is necessary to examine
cognitive test performance in individuals with psychotic disorders and community samples
while taking into account putative confounding factors.
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A first group of factors that have been shown to potentially compromise cognitive per-
formance are stress-related arousal [10] and negative affect [11]. Although moderate arousal
can have advantageous effects on cognitive performance [12], high levels of stress-induced
arousal adversely affect memory [13] and executive functions [14]. Likewise, negative
affective states (e.g., anxiety, sadness) during cognitive testing can have detrimental effects
on performance [15]. Elevated levels of stress and negative affect are well documented in
psychotic disorders [16,17], and first research already indicates that cognitive deficits in
individuals with psychotic disorders could be partly attributed to levels of stress [18] and
negative affect [19].

A further confounding factor could be maladaptive beliefs about one’s ability to
perform (i.e., self-efficacy expectancy/performance beliefs, defeatist beliefs), as these have
been found to affect cognitive performance in previous studies [20,21] and are prevalent in
many individuals with psychotic disorders [22,23]. Indeed, Ventura et al. (2014) [24] found
lower self-efficacy in patients with psychotic disorders to be related to cognitive deficits.
In another study, Moritz et al. (2017) [25] even found performance-related fear to explain
differences in cognitive performance between patients diagnosed with psychotic disorders
and healthy individuals. Hence, these findings give rise to reasonable doubt about the
inherence of cognitive deficits in psychosis.

Another major factor that influences cognitive performance is disrupted sleep. Studies
in community samples have repeatedly shown that cognitive performance and associated
cortical networks are highly susceptible to sleep disruption [26,27]. One study that has
addressed this topic in psychosis found circadian rhythm disruption to predict cognitive
performance in individuals with psychotic disorders [28]. Another recent study found
self-reported sleep disturbances (i.e., insomnia, hypersomnia) to be related to cognitive
impairments in individuals with psychotic disorders [29]. However, although the majority
of individuals with psychotic disorders exhibit sleep and circadian rhythm disruption [30],
sleep deficits have been neglected in studies that examined differences in cognitive perfor-
mance between individuals with psychotic disorders and other groups.

Taken together, various non-cognitive factors could potentially affect cognitive per-
formance in individuals with psychotic disorders. Until now, only a few studies have
accounted for these factors while examining group differences in cognitive performance
and have mostly focused on one or a few isolated factors. Considering the lack of research
and the fact that most putative confounding factors are likely to interact with each other,
it would be of importance to replicate previous findings while accounting for different
factors concurrently. Therefore, this study investigated performance in different cognitive
domains using a standardized cognitive test battery while accounting for stress, negative
affect, performance-related beliefs, and actigraphy-derived sleep. To extend our knowledge
about whether the proposed confounding effects are specific to psychosis, we assessed
individuals with psychotic disorders and current persecutory delusions (PSY), those with
attenuated psychotic symptoms (AS), clinical controls with obsessive-compulsive disorders
(OCD), which are also known to exhibit impairments in various cognitive domains [31]
and can show symptomatic overlap with psychotic disorders [32]) and healthy controls
(HC). We expected (1) groups to differ in cognitive performance, with PSY showing the
lowest test scores. We further expected (2) cognitive performance to be associated with the
tested non-cognitive factors. Finally, we expected that (3) group differences in cognitive
performance would diminish after accounting for non-cognitive factors.

2. Methods

This study was part of a larger randomized, repeated-measures trial on stress and flex-
ible learning. Sample size was calculated a priori using G*Power (Version 3.1.5), expecting
a small to medium effect (f = 0.175) and a drop-out rate of 10%. The study protocol was
approved by the local ethics committee (date of ethical approval was the 13 February 2018;
approval code of the ethics committee: 2017_142).
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2.1. Participants

Participants were recruited using leaflets distributed at outpatient health facilities.
Furthermore, we recruited participants through websites and forums. The recruitment took
place between April 2018 and March 2020. The sample consisted of 155 participants who
were assigned to one of four groups according to their diagnostic status: 38 participants
to PSY, 40 to AS, 39 to OCD, and 38 to HC. General eligibility criteria were: (1) an age
between 18 and 55 years; (2) informed consent; (3) being fluent in German; and (4) a
verbal intelligence quotient of at least 85 in the Multiple-Choice Word Test, version B
(MWT-B, German version; [33]). General exclusion criteria were: (1) dementia or any
other neurological illness; (2) pregnancy; (3) a diagnosis of a bipolar disorder, social
phobia, or a substance use disorder during the previous six months; and (4) acute suicidal
tendency. Inclusion criteria for the PSY group were: (1) a diagnosis of a psychotic disorder
(including F20, F22, F23, F25, F28, and F29 diagnoses according to ICD-10; determined
via the Structured Clinical Interview for Mental Disorders, SCID, German version; [34])
adhering to the Diagnostic and Statistical Manual of Mental Disorder, 5th edition (DSM-
5; [35]); and (2) the presence of delusions to at least a mild degree (items P1 or P6 ≥ 3) on
the Positive and Negative Syndrome Scale (PANSS; [36]). Inclusion criteria for the AS group
were: (1) an elevated frequency of positive psychotic symptoms in the subscale for positive
symptoms (scores > 8; which is above the average of a community sample, based on [37])
of the Community Assessment of Psychic Experiences (CAPE; [38]); and (2) no current or
lifetime diagnosis of a psychotic disorder. The inclusion criteria for the OCD group were:
(1) a current diagnosis of obsessive-compulsive disorder (according to SCID adhering to
DSM-5) and (2) no comorbid or lifetime diagnosis of psychotic disorder. The inclusion
criteria for the HC group were: (1) no present or past diagnosis of any mental disorder
according to DSM-5; (2) scores lower than 8 in positive psychotic symptoms on the CAPE
positive symptoms subscale; and (3) no first-degree relatives with psychotic disorders.

2.2. Procedure

All participants attended three appointments at the laboratories of the Universität
Hamburg (Germany). The first two appointments took place on consecutive days, and
the third appointment took place seven days after the first appointment. At appoint-
ment one, general eligibility and exclusion criteria were assessed, and clinical interviews
and self-report questionnaires were administered. Between appointments one and three,
actigraphy-derived sleep was assessed. At appointment two, levels of momentary stress
(physiological and self-reported), negative affect, and performance-related beliefs, as well
as cognitive performance, were assessed in a quiet room. Subsequently, participants were
exposed to either stress or a control condition (for further details, see [39]). At appointment
three, participants were exposed to the remaining condition (stress/control), returned
the actigraph, and were compensated with 120 €. The present analyses are exclusively
based on the data gathered at appointment two (and thus before the stress induction)
and include measures of momentary stress, negative affect, performance-related beliefs,
actigaphy-derived sleep the night before appointment two, and cognitive performance.

2.3. Interview-Based and Self-Report Measures Assessed at Appointment One

To assess socio-demographic information, participants were asked to indicate their
age, sex, education, employment, family status, as well as nicotine, alcohol, and drug use.

The Positive and Negative Syndrome Scale (PANSS; [36]), a semi-structured interview,
was used to assess positive symptoms, negative symptoms, and general psychopathology
in order to verify the eligibility of participants for the PSY group. The PANSS is widely
used and has demonstrated good reliability and validity [40].

Additionally, we administered other self-report questionnaires (i.e., quality of sleep,
insomnia, negative symptoms, obsessive-compulsive symptoms, well-being, and emotion
regulation) that were not part of the present analyses.
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2.4. Non-Cognitive Measures Assessed before Cognitive Testing

Heart rate was assessed as a physiological indicator of arousal (i.e., stress). An electro-
cardiogram (ECG) was recorded with a NeXus-10 Mark II (MindMedia, Roermond-Herten,
The Netherlands) at a sampling rate of 256 Hz. We assessed resting-state heart rate during
an interval length of 5 min in which participants were asked to remain seated and breathe
spontaneously. Raw ECG data was extracted using the software Biotrace+ V2014A. We
used Kubios HRV Premium (version 3.3.1; Kubios Oy, Kuopio, Finland) to manually correct
R-peaks detection and conduct heart rate and time- and frequency-domain analyses. Heart
rate was operationalized as the mean number of heartbeats per minute during a 5 min
interval.

Self-reported momentary stress (based on [41]) was assessed with two items (“I feel
stressed by the situation” and “I feel helplessly exposed to the situation”) that were rated
on an eleven-point Likert-scale (0 = not at all; 10 = very much so), which have been
shown to reliably assess momentary stress in previous studies [42]. Momentary stress was
operationalized as the mean score across the two items. Cronbach’s alpha was 0.747.

Self-reported momentary negative affect (based on [43]) was assessed with four items
(“I feel angry/embarrassed/sad/anxious”) that were rated on an eleven-point Likert-scale
(0 = not at all; 10 = very much so) which have been shown to reliably assess momentary
negative affect in previous studies [44]. The momentary negative affect was operationalized
as the mean score across these items. Cronbach’s alpha was 0.843.

Performance-related beliefs were assessed using the Achievement Motives Scale-
Revised (AMS-R; [45]). The AMS-R comprises 10 self-report items that measure hope of
success (e.g., “I enjoy situations, in which I can make use of my abilities”) and fear of
failure (e.g., “I feel uneasy to do something if I am not sure of succeeding”). The items were
rated on a four-point Likert scale (1 = not at all; 4 = very much so). The AMS-R has shown
good reliability and validity [45]. Both subscales were operationalized as the sum scores
across the respective items. Cronbach’s alphas were 0.822 (hope of success) and 0.878 (fear
of failure).

Sleep measures were assessed by using wrist-worn actigraphs (Actiwatch 2, Philips
Respironics, Murrysvile, PA, USA) with data collection at 15 s epochs over the period of
seven nights between appointments one and three. Three sleep variables were calculated
for the night before appointment two for each participant in accordance with recommended
guidelines [46]: (1) total sleep time, the time slept in minutes without nocturnal wake
intervals; (2) sleep efficiency, the percentage of time spent asleep related to the time spent in
bed; and (3) wake after sleep onset, the time spent awake during sleep intervals in minutes.
Actigraphy has shown good reliability and concordance with polysomnography [47]. See
Section S1 for further details on the actigraphy assessment procedure.

2.5. Cognitive Performance Is Assessed at Appointment Two

To assess cognitive performance, we administered the MATRICS Consensus Cognitive
Battery (MCCB; [48]), which has been shown to have excellent reliability and validity [49].
The MCCB measures six cognitive domains using the following subtests (for further details,
see Section S2): (1) Speed of processing: (a) graphomotor speed: Brief Assessment of
Cognition in Schizophrenia Symbol Coding (BACS); (b) verbal fluency: Category Fluency,
Animal Naming (CF-AN); (c) visual search speed: Trail Making Test, Part A (TMT-A);
and (d) task-switching: Trail Making Test, Part B (TMT-B; this test was added to com-
pliment the domain speed of processing, as task-switching (i.e., attentional flexibility) is
known to be compromised in psychotic individuals (e.g., [50]); (2) Attention/Vigilance:
Continuous Performance Test, Identical Pairs (CPT-IP); (3) Working memory: (a) spatial
non-verbal: Wechsler Memory Scale 3rd Ed.-Spatial Span (WMS-III); and (b) verbal: Letter-
Number-Span (LNS); (4) Verbal learning: Hopkin’s Verbal Learning Test, Revised (HVLT-R);
(5) Visual learning: Brief Visuospatial Memory Test, Revised (BVMT-R); (6) Reasoning and
problem-solving: Neuropsychological Assessment Battery, Mazes (NAB). We derived T-
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scores corrected for age and gender from the proprietary software (International MSCEIT
Branch 4 Scoring program).

2.6. Statistical Analyses

Data were analyzed using IBM SPSS Statistics (version 23.0) and R (version 4.0.0). We
used univariate analysis of variance (ANOVA) and chi-squared tests to examine group
differences in demographics. Because data were missing in some variables due to technical
issues, we conducted Little’s test [51] to determine if missing data were missing completely
at random (MCAR). Due to the substantial loss of statistical power in the case of listwise
deletion (1 − β: 0.58 vs. 0.86), we conducted multiple imputations (MI) with 10 imputations
using the fully conditional specification (FCS) method with predictive mean matching
(PMM) in SPSS. All MATRICS variables, age, and group were included as predictors in the
imputation model. Inferential statistical analyses were performed for the multiply imputed
datasets. For results of statistical analyses performed for the original dataset, see Section S3.

Prior to conducting the main analyses, we examined statistical assumptions, and
unless stated otherwise, the necessary assumptions were met. To test for group differences
(PSY, AS, OCD, and HC) in cognitive performance (Hypothesis 1), we employed a mul-
tivariate analysis of variance (MANOVA) in R. Pillar’s trace was used as the test statistic
for the multivariate effect. A significant main effect was followed up by post-hoc group
comparisons. To test for associations between cognitive performance and non-cognitive
factors (Hypothesis 2), we calculated Pearson correlation coefficients between cognitive test
scores and non-cognitive factors across groups in SPSS. To test whether group differences
in cognitive performance would diminish after accounting for non-cognitive factors (Hy-
pothesis 3), we employed multivariate analyses of (co-)variance (MANCOVA) and entered
the non-cognitive factors as covariates in R. Because cognitive performance is generally
affected by age [52], we added age as a covariate to the multivariate analyses. Pillar’s
trace was used as the test statistic for the multivariate effect. A significant main effect was
followed up by post-hoc group comparisons using Tukey’s honest significant difference
(HSD) test with Bonferroni correction for multiple comparisons. We obtained pooled p
values (ppooled) for MAN(C)OVA in R by following the steps described by Finch (2016) [53].
We interpreted effect sizes using partial eta squared (η2

partial).

3. Results
3.1. Sample Characteristics and Preliminary Analyses

Groups differed significantly in psychotic experiences (via CAPE), age, and employ-
ment (see Table 1). Mean values and standard deviations of cognitive performances in each
domain per group of the non-imputed dataset are depicted in Table 2. Data were missing
in heart rate (29%), sleep measures (26.5%), self-reported stress and negative affect (14.2%),
CPT-IP (6.5%), TMT-B (6.5%), TMT-A (3.2%), performance-related beliefs (1.3%), and the
other MATRICS domains (1.3%). Little’s test revealed that missing data were missing
completely at random, χ2 = 321.61, df = 282, p = 0.052. See Section S4 for descriptive
statistics of the non-cognitive factors.
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Table 1. Sample characteristics.

1. PSY
(N = 38)

2. AS
(N = 40)

3. OCD
(N = 39)

4. HC
(N = 38) F/χ2 p Post Hoc

Age (Mean ± SD) 37.71 ± 9.61 30.53 ± 10.58 35.92 ± 10.96 36.32 ± 11.18 3.496 0.014 2 < 3, 4, 1
Gender male/female (N) 19/19 18/22 14/25 20/18 2.54 0.469 -
Education a (N)

low 2 1 4 1 10.88 0.092 -
middle 21 13 21 15
high 15 26 14 22

Unemployed b (N) 18 7 15 5 15.11 0.002 4 < 2, 3, 1
CAPE (Mean ± SD) 20.22 ± 10.15 15.56 ± 6.06 9.71 ± 7.43 3.71 ± 2.48 38.71 <0.001 1 > 2, 3, 4
PANSS (Mean ± SD)

Positive symptoms 16.66 ± 4.23
Negative symptoms 10.82 ± 3.91
General psychopathology 26.42 ± 6.66

Note: PSY = individuals with psychotic disorder; AS = individuals with attenuated symptoms; OCD = individ-
uals with obsessive-compulsive disorders; HC = healthy controls; CAPE = Community Assessment of Psychic
Experiences; PANSS = Positive and Negative Syndrome Scale; a low = equivalent of low-level general certificate of
secondary education (GCSE) or no formal qualification; middle = equivalent of advanced-level GCSE or vocational
qualification; high = university degree or A-level equivalent; b including “homemakers” and “retired”.

Table 2. Means and standard deviations of cognitive performance across groups (non-imputed
dataset).

1. PSY
(N = 33)

2. AS
(N = 37)

3. OCD
(N = 33)

4. HC
(N = 31)

M (SD) M (SD) M (SD) M (SD)

Speed of processing
BACS 36.88 (10.29) 47.32 (14.57) 45.55 (11.24) 44.29 (9.11)
CF-AN 43.30 (8.02) 48.03 (10.65) 49.64 (8.89) 46.23 (10.27)
TMT-A 48.03 (11.76) 50.76 (8.99) 51.15 (10.50) 46.48 (9.47)
TMT-B 44.25 (12.38) 49.46 (12.36) 49.38 (12.71) 47.37 (10.68)

Attention
CPT-IP 41.97 (11.01) 48.81 (8.09) 50.58 (6.61) 44.65 (10.06)

Working memory
WMS-III 47.55 (9.72) 52.03 (8.96) 51.00 (11.36) 46.68 (9.33)
LNS 43.76 (10.61) 49.65 (7.29) 49.33 (9.72) 47.45 (12.46)

Verbal learning
HVLT-R 44.73 (9.04) 48.16 (8.36) 50.12 (9.31) 51.45 (7.90)

Visual learning
BVMT-R 45.61 (9.56) 51.41 (9.47) 49.94 (10.33) 46.81 (9.41)

Reasoning
NAB 44.09 (11.21) 47.27 (8.02) 44.45 (10.03) 44.58 (9.99)

Note: BACS = Brief Assessment of Cognition in Schizophrenia; CF-AN = Category Fluency, Animal Naming; TMT-
A = Trail Making Test, Part A; TMT-B = Trail Making Test, Part B; CPT-IP = Continuous Performance Test, Identical
Pairs; WMS-III = Wechsler Memory Scale 3rd Ed., Spatial Span; LNS = Letter-Number-Span; HVLT-R = Hopkin’s
Verbal Learning Test, Revised; BVMT-R = Brief Visuospatial Memory Test, Revised; NAB = Neuropsychological
Assessment Battery, Mazes. Shown scores are T-values.

3.2. Group Differences in Cognitive Performance (Hypothesis 1)

MANCOVA controlled for age and gender revealed a significant multivariate main
effect of group on cognitive performance, F(30, 426) = 1.97, ppooled = 0.002, η2

partial = 0.121,
95% CI [0.016, 0.119]. Groups differed significantly in BACS, CPT-IP, LNS, and HVLT-R.
Post-hoc analyses revealed that PSY, OCD, and AS differed significantly from each other
and from HC in these tests (Table 3).
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Table 3. Analyses of (co-)variance of cognitive performance across groups from multiply imputed
datasets.

ANCOVA Group
Controlled for Age and Gender

ANCOVA Group
Controlled for Age, Gender, and Non-Cognitive

Factors

F(3, 149) η2
partial ppooled Post Hoc F(3, 141) η2

partial ppooled Post Hoc

Speed of processing
BACS 4.99 0.091 0.003 1 < 4 < 3 < 2 3.69 0.073 0.013 1 < 4 = 3 < 2
CF-AN 2.67 0.051 0.050 - 2.62 0.053 0.054 -
TMT-A 1.24 0.024 0.299 - 1.06 0.022 0.369 -
TMT-B 2.18 0.042 0.093 - 1.28 0.027 0.283 -

Attention
CPT-IP 6.15 0.110 <0.001 1 < 4 < 2 < 3 6.63 0.124 <0.001 1 < 4 < 2 < 3

Working memory
WMS-III 2.37 0.046 0.073 - 2.09 0.043 0.104 -
LNS 3.78 0.071 0.012 1 < 4 < 2 < 3 2.91 0.058 0.037 1 < 4 < 2 < 3

Verbal learning
HVLT-R 4.05 0.075 0.008 1 < 2 < 3 < 4 2.31 0.047 0.079 -

Visual learning
BVMT-R 2.28 0.044 0.081 - 1.54 0.032 0.207 -

Reasoning
NAB 0.85 0.017 0.467 - 0.54 0.011 0.656 -

Note: BACS = Brief Assessment of Cognition in Schizophrenia; CF-AN = Category Fluency, Animal Naming; TMT-
A = Trail Making Test, Part A; TMT-B = Trail Making Test, Part B; CPT-IP = Continuous Performance Test, Identical
Pairs; WMS-III = Wechsler Memory Scale 3rd Ed., Spatial Span; LNS = Letter-Number-Span; HVLT-R = Hopkin’s
Verbal Learning Test, Revised; BVMT-R = Brief Visuospatial Memory Test, Revised; NAB = Neuropsychological
Assessment Battery, Mazes; 1 = individuals with psychotic disorders; 2 = individuals with attenuated symptoms;
3 = individuals with obsessive-compulsive disorders; 4 = healthy controls. Bold indicates significance of p < 0.05.

3.3. Associations between Cognitive Performance and Non-Cognitive Factors (Hypothesis 2)

Correlation analyses revealed BVMT-R and sleep efficiency (ppooled < 0.05) to be posi-
tively associated and NAB and fear of failure (ppooled < 0.01) to be negatively associated in
the combined sample (Table 4). It needs mentioning that these correlations did not remain
significant after correction for multiple comparisons with a false discovery rate of 5%.

Table 4. Pearson correlations between cognitive performance and non-cognitive factors in the
combined sample from multiply imputed datasets (N = 155).

HR Stress NA HS FF TST SE WASO

BACS −0.080 −0.018 −0.122 0.137 −0.027 0.036 0.106 −0.043
CF-AN −0.045 −0.017 −0.029 −0.094 −0.054 −0.094 0.034 −0.053
TMT-A −0.052 0.041 0.050 0.047 −0.013 0.058 0.114 0.131
TMT-B −0.054 0.025 −0.087 0.151 −0.158 0.054 0.099 0.045
CPT-IP −0.073 −0.015 −0.026 0.002 −0.045 −0.071 −0.075 0.079

WMS-III −0.107 0.028 0.029 0.036 0.011 0.032 0.053 0.083
LNS −0.136 −0.023 −0.115 0.036 −0.091 −0.030 0.055 −0.020

HVLT-R −0.158 0.006 −0.114 0.023 −0.155 −0.008 0.056 −0.092
BVMT-R −0.164 −0.065 −0.105 0.145 0.039 0.132 0.245 * −0.128

NAB −0.123 −0.148 −0.111 0.045 −0.253 ** −0.101 0.034 0.110

Note: HR = heart rate; Stress = subjective stress; NA = negative affect; HS = hope of success; FF = fear of failure;
TST = total sleep time; SE = sleep efficiency; WASO = wake after sleep onset; BACS = Brief Assessment of
Cognition in Schizophrenia; CF-AN = Category Fluency, Animal Naming; TMT-A = Trail Making Test, Part A;
TMT-B = Trail Making Test, Part B; CPT-IP = Continuous Performance Test, Identical Pairs; WMS-III = Wechsler
Memory Scale 3rd Ed., Spatial Span; LNS = Letter-Number-Span; HVLT-R = Hopkin’s Verbal Learning Test,
Revised; BVMT-R = Brief Visuospatial Memory Test, Revised; NAB = Neuropsychological Assessment Battery,
Mazes. * p < 0.05; ** p < 0.01.
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3.4. Group Differences in Cognitive Performance While Accounting for Non-Cognitive Factors
(Hypothesis 3)

MANCOVA controlled for age, gender, and non-cognitive factors revealed a significant
multivariate main effect of group on cognitive performance, F(30, 402) = 1.64, ppooled = 0.020,
η2

partial = 0.109, 95% CI [0.002, 0.101]. In comparison to the model controlling for age
and gender only, group differences in BACS and LNS decreased but remained significant.
Group differences in CPT-IP increased and remained significant. Group differences in
HVLT-R decreased and lost significance. Post-hoc analyses revealed that scores for HC and
OCD in BACS did not differ significantly from each other. In CPT-IP and LNS, all groups
differed significantly from each other. In BACS, scores from PSY differed significantly from
all the other groups, and scores from AS differed significantly from OCD and HC (Table 3).

4. Discussion

This study examined whether poor cognitive performance in individuals with psy-
chotic disorders could be attributed to confounding non-cognitive factors such as stress,
negative affect, performance-related beliefs, and sleep disruption. We expected individuals
with psychotic disorders to exhibit poorer performances in cognitive tasks compared to
the other groups and expected performance differences (in parts) to be attributable to
confounding factors. Results revealed significant performance deficits in individuals with
psychotic disorders in tests of speed of processing, attention, working memory, and verbal
learning. Deficits in verbal learning (HVLT-R) in individuals with psychotic disorders
diminished after controlling for non-cognitive factors.

In line with decades of research (for a review, see [6]), the individuals with psy-
chotic disorders showed significantly decreased performance in several cognitive tasks
(i.e., graphomotor speed, sustained attention, verbal working memory, and verbal learning)
compared to the other groups. In the tests of visual search speed, task switching, spatial
working memory, visual learning, and reasoning, however, no group differences were
found. Hence, our results confirm specific cognitive performance deficits in PSY (esp. in
verbal tests and sustained attention) but indicate non-verbal/visual-spatial domains to
be comparatively less impaired in our sample. This accords with some studies that have
shown that visual learning and memory are generally less compromised compared to
other domains of psychosis [5]. Moreover, performance deficits in verbal learning in PSY
diminished considerably after accounting for the non-cognitive factors. This indicates that
verbal learning deficits in individuals with psychotic disorders may be largely explicable
by confounding factors. Nevertheless, this finding warrants replication and a better un-
derstanding of its potential causes. As such, the use and type of learning strategies may
be promising candidates, as it has been shown that individuals with psychotic symptoms
differ from non-psychotic individuals in their learning strategies in verbal learning [54].
Additionally, a recent meta-analysis showed that differences in verbal learning between
individuals with psychotic disorders and mood disorders were prominently exhibited
during acute phases [55], which raises the necessity to assess cognitive performance in
individuals with psychotic disorders in different phases of illness and with different clinical
control groups.

Fear of failure and sleep efficiency were associated with cognitive test performance in
the combined sample, though these associations did not survive correction for multiple
comparisons. Interestingly, in contrast to previous studies (e.g., [18,19]), we did not find
stress and negative affect to be associated with cognitive performance. Nonetheless, since
our study examined a larger number of non-cognitive factors concurrently, it potentially
offers further insight into the relationship between cognitive performance and confounding
factors. In contrast to the momentary assessment of negative affect and stress (e.g., “In this
very moment, how anxious do you feel?”), fear of failure and sleep efficiency seem relatively
stable over time [56,57]. One could thus speculate that cognitive performance in our sample
was less prone to being affected by momentary factors. This, however, would need to be
replicated in future studies to draw any final conclusions. In future studies, other potentially
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relevant factors that could confound cognitive test performance and that are relatively
stable over time should be considered. Among others, these factors include loneliness [58],
circadian rhythm disruption [28], motivational deficits [59], levels of inactivity [60], negative
self-schemas [61], cannabis use [62], and somatic complaints [63], which are all known to
be prevalent in individuals with psychotic disorders and to potentially affect cognitive
performances.

Finally, divergent results regarding group differences in cognitive tasks need to be
discussed: Cognitive impairment has been shown to already be present in premorbid
phases of psychotic disorders [64]. In contrast to that, the individuals with attenuated
psychotic symptoms in this study showed relatively high cognitive performance scores
compared to the individuals with psychotic disorders and the healthy controls. However,
the individuals with attenuated psychotic symptoms showed high education levels, while
the healthy controls showed relatively low cognitive performance scores overall, which
could have limited the representability of both groups. Furthermore, while previous stud-
ies found group differences in several cognitive tasks to be explicable by confounding
factors (working memory, episodic memory, verbal comprehension: [18]; divided attention,
executive functioning: [25]), we found cognitive deficits only in a single domain (i.e., verbal
learning) to be attributable to confounding factors. As samples of individuals with psy-
chotic disorders are highly heterogeneous across studies, varying symptom severity could
contribute to the rather heterogeneous findings. In fact, some studies considered only inpa-
tients [25], others considered in- and outpatients collectively [18,19], and the present study
only included outpatients during non-acute phases and participants from the community.
Hence, it is conceivable that the impact of confounding factors on cognitive performance is
somewhat more prominent in hospitalized patients, as they experience an overall higher
degree of psychological strain. Further supporting this, in previous studies that examined
inpatients and outpatients collectively, patients exhibited considerable higher general psy-
chopathology (via PANSS; 32.2 in [18]; 39.6 in [19]) compared to our sample. Against this
background and in view of our results, it seems reasonable to assume that distinguishable
confounding effects depend on the severity of symptoms and functional disabilities.

Strengths and Limitations

Some limitations need to be considered. Firstly, although we used well-established
self-report items [41,43], our study would have benefited from assessing further aspects
of momentary stress and negative affect, such as other physiological indicators of stress
(e.g., salivary cortisol) or cognitive appraisal. Secondly, one could speculate that repeated
assessments before, during, and after cognitive testing would capture additional con-
founding effects on different tasks and across the temporal course of testing. This seems
particularly important as some non-cognitive factors (e.g., negative affect, stress) are known
to fluctuate over time and with task difficulty [65]. Nevertheless, both limitations cannot
fully explain the diverging findings because previous studies also used single, primarily
self-report assessments and still found confounding factors to contribute to group differ-
ences in cognitive performance [18,19,24,25]. Additionally, as psychotropic medication
could have impacted cognitive performance in PSY and OCD, this could pose another
confounding factor and should be considered in future studies [62,66]. Finally, while the
focus on individuals with prevalent persecutory delusions is a strength of this study in
terms of understanding persecutory symptomatology, it also limits the comparability and
generalizability of our findings to other forms of psychotic symptomatology (including
schizotypal personality disorders). Along the same line, apart from OCD, other clinical
control samples (e.g., major depressive disorders) could be relevant in this context [54,55].

5. Conclusions

Taken together, despite significant group differences in several cognitive domains, non-
verbal/visual-spatial domains were relatively unaffected in the individuals with psychotic
disorders, and only verbal learning deficits could be attributed to the non-cognitive factors.



Brain Sci. 2024, 14, 446 10 of 13

Thus, in this study, cognitive deficits in individuals with psychotic disorders appeared
to be rather stable and not merely a byproduct of confounding factors. The associations
between cognition and non-cognitive factors might give some indication that cognitive
performance in non-hospitalized individuals is less likely to be affected by momentary
factors (e.g., affective states). However, this should be taken with a grain of salt, as the
correlations found here did not survive correction for multiple comparisons. To the best of
our knowledge, this is the third study to account for potential confounding factors while
examining group differences in cognitive performance in psychosis and the second study
to include clinical controls in the process. Given the lack of research in this field and the
vast diversity of assessment methods across studies (i.e., state vs. trait measures, inpatients
vs. outpatients, clinical control groups vs. healthy controls only, acute phase vs. non-acute
phase, composite scores vs. subscales, established questionnaires vs. single items, cognitive
test batteries vs. single tasks), rigorously conducted replication studies are needed to pin
down the “true” extent of cognitive performance deficits in psychosis.
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Author Contributions: Conceptualization: M.K.K., U.N., T.M.L. and K.K.; Data curation: M.K.K.,
U.N. and K.K.; Formal analysis: M.K.K.; Funding acquisition: T.M.L.; Methodology: M.K.K., U.N.,
T.M.L. and K.K.; Supervision: K.K.; Visualization: M.K.K.; Writing—original draft: M.K.K.; Writing—
review and editing: M.K.K., U.N., T.M.L. and K.K. All authors have read and agreed to the published
version of the manuscript.

Funding: Financial support for this study was provided by the Landesforschungsförderung Hamburg
(grant number LFF-FV38).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the local ethics committee (protocol code 2017_142 and date of 13
February 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding author.

Acknowledgments: We thank all participants of this study for their participation and all student
assistants associated with this project for their invaluable help.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Fioravanti, M.; Bianchi, V.; Cinti, M.E. Cognitive deficits in schizophrenia: An updated metanalysis of the scientific evidence.

BMC Psychiatry 2012, 12, 64. [CrossRef]
2. Chu, A.O.K.; Chang, W.C.; Chan, S.K.W.; Lee, E.H.M.; Hui, C.L.M.; Chen, E.Y.H. Comparison of cognitive functions between

first-episode schizophrenia patients, their unaffected siblings and individuals at clinical high-risk for psychosis. Psychol. Med.
2019, 49, 1929–1936. [CrossRef] [PubMed]

3. Bora, E.; Murray, R.M. Meta-analysis of cognitive deficits in ultra-high risk to psychosis and first-episode psychosis: Do the
cognitive deficits progress over, or after, the onset of psychosis? Schizophr. Bull. 2014, 40, 744–755. [CrossRef] [PubMed]

4. Nuechterlein, K.H.; Dawson, M.E.; Ventura, J.; Gitlin, M.; Subotnik, K.L.; Snyder, K.S.; Mintz, J.; Bartzokis, G. The vulnerabil-
ity/stress model of schizophrenic relapse: A longitudinal study. Acta Psychiatr. Scand. 1994, 89, 58–64. [CrossRef]

5. Keefe, R.S.E.; Harvey, P.D. Cognitive impairment in schizophrenia. Handb. Exp. Pharmacol. 2012, 213, 11–37.
6. Schaefer, J.; Giangrande, E.; Weinberger, D.R.; Dickinson, D. The global cognitive impairment in schizophrenia: Consistent over

decades and around the world. Schizophr. Res. 2013, 150, 42–50. [CrossRef]
7. Diamond, A. Executive functions. Annu. Rev. Psychol. 2013, 64, 135–168. [CrossRef]

https://www.mdpi.com/article/10.3390/brainsci14050446/s1
https://www.mdpi.com/article/10.3390/brainsci14050446/s1
https://doi.org/10.1186/1471-244X-12-64
https://doi.org/10.1017/S0033291718002726
https://www.ncbi.nlm.nih.gov/pubmed/30226125
https://doi.org/10.1093/schbul/sbt085
https://www.ncbi.nlm.nih.gov/pubmed/23770934
https://doi.org/10.1111/j.1600-0447.1994.tb05867.x
https://doi.org/10.1016/j.schres.2013.07.009
https://doi.org/10.1146/annurev-psych-113011-143750


Brain Sci. 2024, 14, 446 11 of 13

8. Beck, A.T.; Himelstein, R.; Bredemeier, K.; Silverstein, S.M.; Grant, P. What accounts for poor functioning in people with
schizophrenia: A re-evaluation of the contributions of neurocognitive v. attitudinal and motivational factors. Psychol. Med. 2018,
48, 2776–2785. [CrossRef]

9. Moritz, S.; Silverstein, S.M.; Dietrichkeit, M.; Gallinat, J. Neurocognitive deficits in schizophrenia are likely to be less severe and
less related to the disorder than previously thought. World Psychiatry 2020, 19, 254–255. [CrossRef]

10. Kohn, N.; Hermans, E.J.; Fernández, G. Cognitive benefit and cost of acute stress is differentially modulated by individual brain
state. Soc. Cogn. Affect. Neurosci. 2017, 12, 1179. [CrossRef]

11. Beaudreau, S.A.; O’Hara, R. The association of anxiety and depressive symptoms with cognitive performance in community-
dwelling older adults. Psychol. Aging 2009, 24, 507–512. [CrossRef]

12. Montani, F.; Vandenberghe, C.; Khedhaouria, A.; Courcy, F. Examining the inverted U-shaped relationship between workload
and innovative work behavior: The role of work engagement and mindfulness. Hum. Relat. 2020, 73, 59–93. [CrossRef]

13. Schwabe, L.; Joëls, M.; Roozendaal, B.; Wolf, O.T.; Oitzl, M.S. Stress effects on memory: An update and integration. Neurosci.
Biobehav. Rev. 2012, 36, 1740–1749. [CrossRef]

14. Shields, G.S.; Sazma, M.A.; Yonelinas, A.P. The effects of acute stress on core executive functions: A meta-analysis and comparison
with cortisol. Neurosci. Biobehav. Rev. 2016, 68, 651–668. [CrossRef]

15. Mitchell, R.L.C.; Phillips, L.H. The psychological, neurochemical and functional neuroanatomical mediators of the effects of
positive and negative mood on executive functions. Neuropsychologia 2007, 45, 617–629. [CrossRef] [PubMed]

16. Hartley, S.; Barrowclough, C.; Haddock, G. Anxiety and depression in psychosis: A systematic review of associations with
positive psychotic symptoms. Acta Psychiatr. Scand. 2013, 128, 327–346. [CrossRef]

17. Walker, E.; Mittal, V.; Tessner, K. Stress and the hypothalamic pituitary adrenal axis in the developmental course of schizophrenia.
Annu. Rev. Clin. Psychol. 2008, 4, 189–216. [CrossRef] [PubMed]

18. Krkovic, K.; Moritz, S.; Lincoln, T.M. Neurocognitive deficits or stress overload: Why do individuals with schizophrenia show
poor performance in neurocognitive tests? Schizophr. Res. 2017, 183, 151–156. [CrossRef] [PubMed]

19. Halari, R.; Mehrotra, R.; Sharma, T.; Kumari, V. Does self-perceived mood predict more variance in cognitive performance than
clinician-rated symptoms in schizophrenia? Schizophr. Bull. 2006, 32, 751–757. [CrossRef]

20. Hoffman, B.; Schraw, G. The influence of self-efficacy and working memory capacity on problem-solving efficiency. Learn. Individ.
Differ. 2009, 19, 91–100. [CrossRef]

21. Duckworth, A.L.; Quinn, P.D.; Lynam, D.R.; Loeber, R.; Stouthamer-Loeber, M. Role of test motivation in intelligence testing. Proc.
Natl. Acad. Sci. USA 2011, 108, 7716–7720. [CrossRef] [PubMed]

22. Fervaha, G.; Foussias, G.; Agid, O.; Remington, G. Motivational and neurocognitive deficits are central to the prediction of
longitudinal functional outcome in schizophrenia. Acta Psychiatr. Scand. 2014, 130, 290–299. [CrossRef] [PubMed]

23. Grant, P.M.; Beck, A.T. Defeatist beliefs as a mediator of cognitive impairment, negative symptoms, and functioning in schizophre-
nia. Schizophr. Bull. 2009, 35, 798–806. [CrossRef] [PubMed]

24. Ventura, J.; Subotnik, K.L.; Ered, A.; Gretchen-Doorly, D.; Hellemann, G.S.; Vaskinn, A.; Nuechterlein, K.H. The relationship of
attitudinal beliefs to negative symptoms, neurocognition, and daily functioning in recent-onset schizophrenia. Schizophr. Bull.
2014, 40, 1308–1318. [CrossRef] [PubMed]

25. Moritz, S.; Klein, J.P.; Desler, T.; Lill, H.; Gallinat, J.; Schneider, B.C. Neurocognitive deficits in schizophrenia. Are we making
mountains out of molehills? Psychol. Med. 2017, 47, 2602–2612. [CrossRef] [PubMed]

26. Krause, A.J.; Ben Simon, E.; Mander, B.A.; Greer, S.M.; Saletin, J.M.; Goldstein-Piekarski, A.N.; Walker, M.P. The sleep-deprived
human brain. Nat. Rev. Neurosci. 2017, 18, 404–418. [CrossRef] [PubMed]

27. Lowe, C.J.; Safati, A.; Hall, P.A. The neurocognitive consequences of sleep restriction: A meta-analytic review. Neurosci. Biobehav.
Rev. 2017, 80, 586–604. [CrossRef] [PubMed]

28. Bromundt, V.; Köster, M.; Georgiev-Kill, A.; Opwis, K.; Wirz-Justice, A.; Stoppe, G.; Cajochen, C. Sleep-wake cycles and cognitive
functioning in schizophrenia. Br. J. Psychiatry 2011, 198, 269–276. [CrossRef]

29. Laskemoen, J.F.; Büchmann, C.; Barrett, E.A.; Collier-Høegh, M.; Haatveit, B.; Vedal, T.J.; Ueland, T.; Melle, I.; Aas, M.; Simonsen,
C. Do sleep disturbances contribute to cognitive impairments in schizophrenia spectrum and bipolar disorders? Eur. Arch.
Psychiatry Clin. Neurosci. 2020, 270, 749–759. [CrossRef]

30. Cosgrave, J.; Wulff, K.; Gehrman, P. Sleep, circadian rhythms, and schizophrenia: Where we are and where we need to go. Curr.
Opin. Psychiatry 2018, 31, 176–182. [CrossRef]

31. Shin, N.Y.; Lee, T.Y.; Kim, E.; Kwon, J.S. Cognitive functioning in obsessive-compulsive disorder: A meta-analysis. Psychol. Med.
2014, 44, 1121–1130. [CrossRef]

32. Rasmussen, A.R.; Parnas, J. What is obsession? Differentiating obsessive-compulsive disorder and the schizophrenia spectrum.
Schizophr. Res. 2022, 243, 1–8. [CrossRef] [PubMed]

33. Lehrl, S. MWT-B—Mehrfachwahl-Wortschatz-Intelligenztest, 5th ed.; Hogrefe: Göttingen, Germany, 2005.
34. Wittchen, H.U.; Wunderlich, U.; Gruschwitz, S.; Zaudig, M. Strukturiertes Klinische Interview fuer DSM-IV; Hogrefe: Göttingen,

Germany, 1997.
35. Falkai, P. Diagnostisches und Statistisches Manual Psychischer Stoerungen DSM-5; Hogrefe: Göttingen, Germany, 2015.
36. Kay, S.R.; Fiszbein, A.; Opler, L.A. The positive and negative syndrome scale (PANSS) for schizophrenia. Schizophr. Bull. 1987, 13,

261–276. [CrossRef] [PubMed]

https://doi.org/10.1017/S0033291718000442
https://doi.org/10.1002/wps.20759
https://doi.org/10.1093/scan/nsx043
https://doi.org/10.1037/a0016035
https://doi.org/10.1177/0018726718819055
https://doi.org/10.1016/j.neubiorev.2011.07.002
https://doi.org/10.1016/j.neubiorev.2016.06.038
https://doi.org/10.1016/j.neuropsychologia.2006.06.030
https://www.ncbi.nlm.nih.gov/pubmed/16962146
https://doi.org/10.1111/acps.12080
https://doi.org/10.1146/annurev.clinpsy.4.022007.141248
https://www.ncbi.nlm.nih.gov/pubmed/18370616
https://doi.org/10.1016/j.schres.2016.11.002
https://www.ncbi.nlm.nih.gov/pubmed/27838097
https://doi.org/10.1093/schbul/sbl002
https://doi.org/10.1016/j.lindif.2008.08.001
https://doi.org/10.1073/pnas.1018601108
https://www.ncbi.nlm.nih.gov/pubmed/21518867
https://doi.org/10.1111/acps.12289
https://www.ncbi.nlm.nih.gov/pubmed/24850369
https://doi.org/10.1093/schbul/sbn008
https://www.ncbi.nlm.nih.gov/pubmed/18308717
https://doi.org/10.1093/schbul/sbu002
https://www.ncbi.nlm.nih.gov/pubmed/24561318
https://doi.org/10.1017/S0033291717000939
https://www.ncbi.nlm.nih.gov/pubmed/28485257
https://doi.org/10.1038/nrn.2017.55
https://www.ncbi.nlm.nih.gov/pubmed/28515433
https://doi.org/10.1016/j.neubiorev.2017.07.010
https://www.ncbi.nlm.nih.gov/pubmed/28757454
https://doi.org/10.1192/bjp.bp.110.078022
https://doi.org/10.1007/s00406-019-01075-0
https://doi.org/10.1097/YCO.0000000000000419
https://doi.org/10.1017/S0033291713001803
https://doi.org/10.1016/j.schres.2022.02.014
https://www.ncbi.nlm.nih.gov/pubmed/35219003
https://doi.org/10.1093/schbul/13.2.261
https://www.ncbi.nlm.nih.gov/pubmed/3616518


Brain Sci. 2024, 14, 446 12 of 13

37. Schlier, B.; Jaya, E.S.; Moritz, S.; Lincoln, T.M. The Community Assessment of Psychic Experiences measures nine clusters of
psychosis-like experiences: A validation of the German version of the CAPE. Schizophr. Res. 2015, 169, 274–279. [CrossRef]

38. Stefanis, N.C.; Hanssen, M.; Smirnis, N.K.; Avramopoulos, D.A.; Evdokimidis, I.K.; Stefanis, C.N.; Verdoux, H.; van Os, J.
Evidence that three dimensions of psychosis have a distribution in the general population. Psychol. Med. 2002, 32, 347–358.
[CrossRef]

39. Krkovic, K.; Nowak, U.; Kammerer, M.K.; Bott, A.; Lincoln, T.M. Aberrant adapting of beliefs under stress: A mechanism relevant
to the formation of paranoia? Psychol. Med. 2021, 53, 1881–1890. [CrossRef]

40. Giesbrecht, C.J.; O’rourke, N.; Leonova, O.; Strehlau, V.; Paquet, K.; Vila-Rodriguez, F.; Panenka, W.J.; MacEwan, G.W.; Smith,
G.N.; Thornton, A.E.; et al. The Positive and Negative Syndrome Scale (PANSS): A Three-Factor Model of Psychopathology in
Marginally Housed Persons with Substance Dependence and Psychiatric Illness. PLoS ONE 2016, 11, e0151648. [CrossRef]

41. Gaab, J.; Rohleder, N.; Nater, U.M.; Ehlert, U. Psychological determinants of the cortisol stress response: The role of anticipatory
cognitive appraisal. Psychoneuroendocrinology 2005, 30, 599–610. [CrossRef] [PubMed]

42. Krkovic, K.; Krink, S.; Lincoln, T.M. Emotion regulation as a moderator of the interplay between self-reported and physiological
stress and paranoia. Eur. Psychiatry 2018, 49, 43–49. [CrossRef]

43. Stemmler, G.; Heldmann, M.; Pauls, C.A.; Scherer, T. Constraints for emotion specificity in fear and anger: The context counts.
Psychophysiology 2001, 38, 275–291. [CrossRef]

44. Hennig, T.; Lincoln, T.M. Sleeping paranoia away? An actigraphy and experience-sampling study with adolescents. Child
Psychiatry Hum. Dev. 2017, 49, 63–72. [CrossRef] [PubMed]

45. Lang, J.W.B.; Fries, S. A revised 10-item version of the achievement motives scale: Psychometric properties in German-speaking
samples. Eur. J. Psychol. Assess. 2006, 22, 216–224. [CrossRef]

46. Ancoli-Israel, S.; Martin, J.L.; Blackwell, T.; Buenaver, L.; Liu, L.; Meltzer, L.J.; Sadeh, A.; Spira, A.P.; Taylor, D.J. The SBSM guide
to actigraphy monitoring: Clinical and research applications. Behav. Sleep Med. 2015, 13, 4–38. [CrossRef] [PubMed]

47. Baandrup, L.; Jennum, P.J. A validation of wrist actigraphy against polysomnography in patients with schizophrenia or bipolar
disorder. Neuropsychiatr. Dis. Treat. 2015, 11, 2271–2277. [CrossRef] [PubMed]

48. Nuechterlein, K.H.; Green, M.F.; Kern, R.S.; Baade, L.E.; Barch, D.M.; Cohen, J.D.; Essock, S.; Fenton, W.S.; Frese, F.J., III; Gold,
J.M.; et al. The MATRICS Consensus Cognitive Battery, part 1: Test selection, reliability, and validity. Am. J. Psychiatry 2008, 165,
203–213. [CrossRef] [PubMed]

49. Keefe, R.S.E.; Fox, K.H.; Harvey, P.D.; Cucchiaro, J.; Siu, C.; Loebel, A. Characteristics of the MATRICS Consensus Cognitive
Battery in a 29-site antipsychotic schizophrenia clinical trial. Schizophr. Res. 2011, 125, 161–168. [CrossRef] [PubMed]

50. Laere, E.; Tee, S.F.; Tang, P.Y. Assessment of cognition in schizophrenia using trail making test: A meta-analysis. Psychiatry
Investig. 2018, 15, 945. [CrossRef]

51. Little, R.J.A. A test of missing completely at random for multivariate data with missing values. J. Am. Stat. Assoc. 1988, 83,
1198–1202. [CrossRef]

52. Murman, D.L. The impact of age on cognition. In Seminars in Hearing; Thieme Medical Publishers: New York, NY, USA, 2015;
Volume 36, pp. 111–121.

53. Finch, W.H. Missing data and multiple imputation in the context of multivariate analysis of variance. J. Exp. Educ. 2016, 84,
356–372. [CrossRef]

54. Gill, S.K.; Gomez, R.G.; Keller, J.; Schatzberg, A.F. Diagnostic differences in verbal learning strategies and verbal memory in
patients with mood disorders and psychotic disorders. Psychiatry Res. 2018, 269, 733–739. [CrossRef]

55. Bogie, B.J.; Noël, C.; Alftieh, A.; MacDonald, J.; Lei, Y.T.; Mongeon, J.; Mayaud, C.; Dans, P.; Guimond, S. Verbal memory
impairments in mood disorders and psychotic disorders: A systematic review of comparative studies. Prog. Neuro-Psychopharmacol.
Biol. Psychiatry 2024, 129, 110891. [CrossRef] [PubMed]

56. Gaines, J.; Vgontzas, A.N.; Fernandez-Mendoza, J.; Basta, M.; Pejovic, S.; He, F.; Bixler, E.O. Short- and long-term sleep stability in
insomniacs and healthy controls. Sleep 2015, 38, 1727–1734. [CrossRef] [PubMed]

57. Wang, C.E.A.; Halvorsen, M.; Eisemann, M.; Waterloo, K. Stability of dysfunctional attitudes and early maladaptive schemas: A
9-year follow-up study of clinically depressed subjects. J. Behav. Ther. Exp. Psychiatry 2010, 41, 389–396. [CrossRef]

58. Badcock, J.C.; Shah, S.; Mackinnon, A.; Stain, H.J.; Galletly, C.; Jablensky, A.; Morgan, V.A. Loneliness in psychotic disorders and
its association with cognitive function and symptom profile. Schizophr. Res. 2015, 169, 268–273. [CrossRef] [PubMed]

59. Fervaha, G.; Zakzanis, K.K.; Foussias, G.; Graff-Guerrero, A.; Agid, O.; Remington, G. Motivational deficits and cognitive test
performance in schizophrenia. JAMA Psychiatry 2014, 71, 1058–1065. [CrossRef] [PubMed]

60. Stubbs, B.; Ku, P.-W.; Chung, M.-S.; Chen, L.-J. Relationship between objectively measured sedentary behavior and cognitive
performance in patients with schizophrenia vs controls. Schizophr. Bull. 2016, 43, sbw126. [CrossRef]

61. Collett, N.; Pugh, K.; Waite, F.; Freeman, D. Negative cognitions about the self in patients with persecutory delusions: An
empirical study of self-compassion, self-stigma, schematic beliefs, self-esteem, fear of madness, and suicidal ideation. Psychiatry
Res. 2016, 239, 79–84. [CrossRef]

62. Velthorst, E.; Mollon, J.; Murray, R.M.; de Haan, L.; Germeys, I.M.; Glahn, D.C.; Arango, C.; van der Ven, E.; Di Forti, M.; Bernardo,
M. Cognitive functioning throughout adulthood and illness stages in individuals with psychotic disorders and their unaffected
siblings. Mol. Psychiatry 2021, 26, 4529–4543. [CrossRef]

https://doi.org/10.1016/j.schres.2015.10.034
https://doi.org/10.1017/S0033291701005141
https://doi.org/10.1017/S0033291721003524
https://doi.org/10.1371/journal.pone.0151648
https://doi.org/10.1016/j.psyneuen.2005.02.001
https://www.ncbi.nlm.nih.gov/pubmed/15808930
https://doi.org/10.1016/j.eurpsy.2017.12.002
https://doi.org/10.1111/1469-8986.3820275
https://doi.org/10.1007/s10578-017-0729-9
https://www.ncbi.nlm.nih.gov/pubmed/28451897
https://doi.org/10.1027/1015-5759.22.3.216
https://doi.org/10.1080/15402002.2015.1046356
https://www.ncbi.nlm.nih.gov/pubmed/26273913
https://doi.org/10.2147/NDT.S88236
https://www.ncbi.nlm.nih.gov/pubmed/26357475
https://doi.org/10.1176/appi.ajp.2007.07010042
https://www.ncbi.nlm.nih.gov/pubmed/18172019
https://doi.org/10.1016/j.schres.2010.09.015
https://www.ncbi.nlm.nih.gov/pubmed/21075600
https://doi.org/10.30773/pi.2018.07.22
https://doi.org/10.1080/01621459.1988.10478722
https://doi.org/10.1080/00220973.2015.1011594
https://doi.org/10.1016/j.psychres.2018.09.003
https://doi.org/10.1016/j.pnpbp.2023.110891
https://www.ncbi.nlm.nih.gov/pubmed/37931773
https://doi.org/10.5665/sleep.5152
https://www.ncbi.nlm.nih.gov/pubmed/26237768
https://doi.org/10.1016/j.jbtep.2010.04.002
https://doi.org/10.1016/j.schres.2015.10.027
https://www.ncbi.nlm.nih.gov/pubmed/26527247
https://doi.org/10.1001/jamapsychiatry.2014.1105
https://www.ncbi.nlm.nih.gov/pubmed/25075930
https://doi.org/10.1093/schbul/sbw126
https://doi.org/10.1016/j.psychres.2016.02.043
https://doi.org/10.1038/s41380-020-00969-z


Brain Sci. 2024, 14, 446 13 of 13

63. Oud, M.J.; Jong, B.M.-D. Somatic diseases in patients with schizophrenia in general practice: Their prevalence and health care.
BMC Fam. Pract. 2009, 10, 32. [CrossRef]

64. Sheffield, J.M.; Karcher, N.R.; Barch, D.M. Cognitive Deficits in Psychotic Disorders: A Lifespan Perspective. Neuropsychol. Rev.
2018, 28, 509. [CrossRef]

65. Waugh, C.E.; Panage, S.; Mendes, W.B.; Gotlib, I.H. Cardiovascular and affective recovery from anticipatory threat. Biol. Psychol.
2010, 84, 169. [CrossRef] [PubMed]

66. Baldez, D.P.; Biazus, T.B.; Rabelo-Da-Ponte, F.D.; Nogaro, G.P.; Martins, D.S.; Kunz, M.; Czepielewski, L.S. The effect of
antipsychotics on the cognitive performance of individuals with psychotic disorders: Network meta-analyses of randomized
controlled trials. Neurosci. Biobehav. Rev. 2021, 126, 265–275. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/1471-2296-10-32
https://doi.org/10.1007/s11065-018-9388-2
https://doi.org/10.1016/j.biopsycho.2010.01.010
https://www.ncbi.nlm.nih.gov/pubmed/20096747
https://doi.org/10.1016/j.neubiorev.2021.03.028
https://www.ncbi.nlm.nih.gov/pubmed/33812977

	Introduction 
	Methods 
	Participants 
	Procedure 
	Interview-Based and Self-Report Measures Assessed at Appointment One 
	Non-Cognitive Measures Assessed before Cognitive Testing 
	Cognitive Performance Is Assessed at Appointment Two 
	Statistical Analyses 

	Results 
	Sample Characteristics and Preliminary Analyses 
	Group Differences in Cognitive Performance (Hypothesis 1) 
	Associations between Cognitive Performance and Non-Cognitive Factors (Hypothesis 2) 
	Group Differences in Cognitive Performance While Accounting for Non-Cognitive Factors (Hypothesis 3) 

	Discussion 
	Conclusions 
	References

