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ABSTRACT

Objective: Dysregulation of biological rhythm is associated with reduced executive functioning
and potentiating psychosis, which are essential for the Theory of Mind (ToM) among patients
with schizophrenia. However, the association between cognitive dysfunction, emotional
information and disruption of biological rhythm remains uncertain.

Methods: Forty-one patients with schizophrenia and forty age, gender and smoking status-
matched healthy controls were recruited into the study. The Wisconsin Card Sorting Test
(WCST), The Stroop test, The Reading the Mind in the Eyes Test (RMET), The Biological
Rhythms Interview of Assessment in Neuropsychiatry (BRIAN) were used.

Results: BRIAN total, sleep, activity and social scores were higher in patients with schizophrenia
than healthy controls. Higher BRIAN score was correlated with lower RMET score; with higher
PANSS total, positive and negative scores, and not correlated with executive functions. In the
regression analysis, it was observed that gender and increased BRIAN score was
independently associated with lower scores for RMET in a patient with schizophrenia.
Conclusion: These results suggest that the disruption of biological rhythm might be associated
with ToM in patients with schizophrenia. Future research should examine the relationship
between biological rhythm and ToM to determine if any causal associations can be identified.

ARTICLE HISTORY
Received 30 August 2019
Accepted 16 October 2019

KEYWORDS
Schizophrenia; cognition;
ToM; biological rhythm;
BRIAN; social impairment

Introduction

Cognitive dysfunction and emotional information
deficits have mainly been reported in patients with
schizophrenia, but their association with disruption
of biological rhythm remains uncertain. Almost 50%
of patients with schizophrenia showed markedly
delayed and free-running sleep-wake cycles, and these
sleep-wake shifts were always associated with the dis-
rupted biological rhythm [1,2]. The disruption of bio-
logical rhythm often presents before the onset of
schizophrenia and have been found associated with
symptom exacerbation, including potentiating psycho-
sis and cognitive impairments [3].

Regulation of sleep and cognitive functions have
shared standard neuroanatomical and neurochemical
bases, and the neuroimaging studies deduce that
sleep deprivation negatively affects the prefrontal cor-
tex, a neural system central to executive functions
[4]. Also, disruption of sleep found associated with
the altered connectivity in the fronto-striatal networks,
and impaired fronto-striatal connections are associated
with deficits of executive functions [5]. The glutamater-
gic and cholinergic transmission is critically involved
both in cognition [6] and modulation of the sleep-
wake cycle [3]. Genetic variability in biological clock
genes, which play a central role in regulating biological

rhythms, have found to be associated with cognitive
function following sleep loss [7]. These genes are also
related to midbrain dopamine regulation and reward
processing that known to be disrupted in patients
with schizophrenia [8]. Besides the executive functions,
increased magnitude of amygdala activity was found
with a loss of functional connectivity with the medial
prefrontal cortex, which area is also needed the key
modulation for the proper function of affective ToM
[9,10].

ToM expresses the essential emotional functioning
and refers to the ability to attribute mental states to
oneself and others [11] and refer to the psychological
needs of a person to be a part of a social group. Patients
with schizophrenia have been documented the impair-
ments of perceiving social cues since the prodromal
phase of illness, and these social impairments have
been found associated with severity of disease, compli-
ance, clinical insight, insufficient functioning and out-
come of treatment [12,13].

ToM is a core element of social functioning, and
social input is one of the external environmental
stimuli known as zeitgebers, which include light-dark
cycles and locomotor activity that play a significant
role in entraining the biological clock [14]. The
impaired recognition of social inputs can be associated
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with misalignment of the biological rhythm and cause a
decreased level of attendance daytime and functioning
[15]. In a recent critical study, the authors proposed a
model in which sleep loss promotes a self-reinforcing
cycle of social functioning, and they suggested that
the sleep loss causally can lead to a neuronal and
behavioural phenotype of social impairments and lone-
liness in humans [16].

However, while in the current literature, some studies
investigated the relationship between disruption of bio-
logical rhythm and executive cognitive functioning in
patients with schizophrenia [17-20] no study have
investigated the relationship between emotional func-
tioning and biological rhythm in patients with schizo-
phrenia. Therefore, our research aims to investigate
the relationship between disruption of biological rhythm
and executive functions to include ToM ability in
patients with schizophrenia. Regarding the prior
hypothesis, the patients with schizophrenia often pre-
sent emotional dysfunction, social withdrawal, loneli-
ness, and that might have a link with the biological
rhythm disruptions. For exposing less to the daylight
and social cues may cause impairment of social cognitive
function; Thus, we expect to find a significant relation-
ship between impairment of ToM/emotional function-
ing and disruption of biological rhythm in patients
with schizophrenia than healthy controls.

Reading the mind in the eyes test (RMET) is used to
assess the social cognitive ability of individuals. ToM
ability has two district components: cognitive and affec-
tive. Two components of ToM can vary among ToM
tasks, and impairments of the one component may not
correspond to the other [4]. Therefore, in our study,
we tried to understand the distinction between executive
function and emotional functioning. Thus, we preferred
to the RMET to assess the pure emotional component of
ToM. Future research should examine the relationship
between biological rhythm and ToM to determine if
any causal associations would be determined to under-
stand forming the basis of developing the emotional dys-
function in the patient with schizophrenia.

Methods
Participants

This study was performed in the outpatient psychiatry
clinic of Bezmialem Vakif University. Forty-one
patients with schizophrenia (SZ) and 40 healthy con-
trols (HC) were recruited into the study between
June 2017 to September 2017. The diagnosis was estab-
lished through the Structured Clinical Interview for
DSM-IV-TR, Clinical Version (SCID) [21]. The Posi-
tive and Negative Syndrome Scale (PANSS) was used
to assess psychopathology. Patients with schizophrenia
who had no acute psychotic episode, defined as PANSS
general with a score <50 [22] in the past year were

recruited to the study. In total, 54 patients were eligible
to participate with schizophrenia. Among those, 20
were referred from other psychiatry clinics; 34 had
applied directly to our outpatient unit. In total, eight
patients refused to participate to the study and five
patients had an acute psychotic episode were excluded
to the study. All subjects were between 18 and 65 years
old. The patients with schizophrenia and HC were
excluded from the study based on the following:
unwillingness to participate, illiteracy, mental retar-
dation, severe neurological and medical illnesses, alco-
hol or drug abuse or dependence (except for nicotine),
history of head trauma, being shift worker.

Measurements

Clinical and sociodemographic measures

The sociodemographic form was used to collect infor-
mation about age, gender, marital status, education,
employment status, onset and course of the illness,
ongoing psychotropic treatment and smoking status.
Clinical symptomatology was assessed using the Posi-
tive and Negative Syndrome Scale (PANSS) [23].

The self-report Biological Rhythms Interview of
Assessment in Neuropsychiatry (BRIAN) was used to
assess biological rhythm disturbances [24]. The
BRIAN questionnaire is retrospective for the last 15
days and includes 18 items split into four primary
areas related to circadian rhythm disturbance: Sleep,
Activity, Social rhythm, and Eating pattern. Each ques-
tion is scored out of a possible four points, totalling an
overall minimum score of 18 and a maximum score of
72. Higher scores indicate more significant biological
rhythm disruption. Reliability and Validity of the
Turkish version of Biological Rhythms Interview of
Assessment in Neuropsychiatry (BRIAN) were con-
ducted by Aydemir et al. [25].

Neuropsychological measures

Wisconsin card sorting test (WCST). WCST was used
to examine executive functions [26]. The computerized
version of the Wisconsin card sorting test, developed
by Wang Laboratories (version: WCST-CV4), was
used, and performances were automatically scored by
the computer. In the computer version of the WCST,
the subject is presented with stimulus cards with var-
ious symbols on them. The cards differ in the colour,
number, and the shape of the symbols. The subject is
expected to find the matching rule according to verbal
feedbacks given as “right” or “wrong.” During the test,
the matching rules are changed, and the subject must
notice the new rule to be successful. First, matching
should be made according to the colour of the symbols.
This rule changes after the subject correctly match ten
cards with the colours. The subject is then expected to
match the cards according to the shape of the symbols.
This rule also changes after the subject correctly



matches ten cards with the shapes. Finally, matching is
made according to the number of symbols on the cards.
The dependent variables are the number of correct
answers, number of categories completed and number
of perseverative errors.

Stroop test. Stroop Test measures selective attention
and processing speed, as well as executive function
and cognitive flexibility [27]. The Stroop Test TBAG
form was used in this study, which was based on the
combination of the original Stroop Test and the Vic-
toria Form [28]. It consists of 4 cards and five sections.
The time difference between colour and word reading
tasks (Section 2 and 5) provided the performance
measures [29].

Reading the mind in the eyes test (RMET). RMET
requires the identification of a word that best describes
how a person is thinking or feeling based on photo-
graphs presented to them of the eye regions of
human faces and is dependent on emotional facial pro-
cessing. The revised version of the Eyes Test is an
advanced Theory of Mind (ToM) task, which contains
36 black and white photographs of the eye region [30].
Half of the photos depict females, and half depict
males, and all involve complex cognitive and emotional
states. Participants view the photos and are asked to
choose the most accurate descriptor for the emotion
that is portrayed. Four possible choices are provided
with each photo. If the participants have any problem
comprehending the meaning of each descriptor, a
check sheet with definitions, and an example for each
descriptor, is provided. Scoring consists of tallying
the number of correct responses. The Turkish version
of the test consists of 32 items and the validity and
reliability studies made by Yildirim et al. [31].

The study was carried out by ethical principles for
medical research involving humans (WMA, Declara-
tion of Helsinki) and approved by the Ethics Commit-
tee of the Bezmialem University Medical Faculty in
June 2017. All participants provided informed written
consent for the study.

Statistical analyses

The characteristics of the study sample and the com-
parison of raw cognitive test scores were reported
using descriptive analyses. Student’s t-test was used
to compare normally distributed, and Mann-Whitney
U- test for non-normally distributed continuous vari-
ables. For categorical variables, the differences among
the groups were analyzed with the Chi-Square Test.
One-way analysis of covariance (ANCOVA) was con-
ducted to compare BRIAN total scores between groups
after adjusting for age and gender. We also generated
Z-score (individual score minus mean test score
divided by the standard deviation) for each subscale
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of neurocognitive tests. Then we calculated the com-
pound score for executive function. Z-scores of Stroop-
time difference, WCST- perseverative errors and
WCST-categories were averaged to calculate the com-
pound score for executive function. Compound execu-
tive function and ToM scores were compared in SZ and
HC groups using ANCOVA adjusted for age and edu-
cation level. Spearman’s or Pearson’s correlation tests
were used to investigate the correlation of BRIAN
total scores with cognitive domains and clinical symp-
toms in patients. Multiple linear regression analyses
were applied with ToM scores as the dependent vari-
able to investigate whether BRIAN total scores inde-
pendently predict overall change on ToM abilities
after the effects of other possible predictors (age, gen-
der, PANSS total score) are considered. All analyses
were conducted using SPSS version 20 (SPSS Inc., Chi-
cago, IL). All tests of significance were two-tailed.

Results

Sociodemographic, clinical characteristics and
cognitive test scores of SZ and HC

The clinical and sociodemographic characteristics of
the subjects are presented in Table 1. The groups
were not significantly different for age, gender and
smoking status (p=.34; p=.15 and p= .43, respect-
ively). The education level of HC was higher than
patients (p=.004), and the percentages of married
and employed people were also higher in HC (p
<.001 and p<.001, respectively). Cognitive test
profile of groups is also illustrated in Table 1. There
were significant differences among the groups in all
individual cognition scores. Additionally, the com-
pound score (Z-scores) for executive functions was cal-
culated to avoid false positive results of multiple
testing. The compound executive function score was
also significantly lower in the SZ group, after control-
ling for age and education level (p =.004).

Biological rhythm disturbances in patients with
Ly4

Patients with SZ showed significantly more significant
biological rhythm disruptions than HCs. In compari-
son to the HC group, BRIAN total scores were signifi-
cantly (42.67 £10.79 vs 33.42+9.84, F..14, p<.001)
and after adjusting for age and gender, the difference
between groups remained significantly (F = 16.28, n°
=.18, p<.001) higher in the patients with SZ than in
HC. Patients also had significantly higher alterations
in sleep, activity and social rhythm subscales of
BRIAN (F=3.54, p=.02; Z=-3.69, p<.001 and Z=
—3.87, p <.001, respectively). There was no significant
difference between study groups in terms of eating sub-
scale score (Z=—-0.87, p=.39) (Figure 1).
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Table 1. Sociodemographic, clinical characteristics and cognitive test scores of studied population.

SZ (n:41) HC (n:40) Test Statistics p
Age (mean % SD) 40.44 +£10.81 42.83+11.51 t=-.96 34
Gender (female %) % 39 (16/41) % 55 (22/40) )(2 =2.08 15
Marital status (married %) % 14.6 (6/41) % 65.0 (26/40) ¥'=2149 <.001*
Education (years, mean + SD) 7.34+558 10.20 + 4.86 t=-3.00 .004*
Employment status (unemployment %) % 82.9 (34/41) % 35.0 (14/40) XZ =19.26 <.001*
Smoking (yes %) % 51.2 (21/45) % 42.5 (17/40) X' =62 43
ToM (RMET Score) 1542 +4.92 20.28 £4.45 F=16.01° <.001*
Executive Functions
WCST- perseverative errors 41.58 +20.60 (43.50) 35.19 £ 25.77 (32.35) Z=-233 .03*
WCST- categories 1.92 +1.44 (32.33) 3.70 +2.94(43.82) Z=-222 .02*
Stroop Time difference 27.01 £ 15.51 (50.35) 15.48 + 8.59 (29.38) Z=-4.06 <.001*
Compound score® —0.34+£0.59 0.26 + 0.85 F=9.08% .004*
Duration of illness (mean + SD) 16.39 +8.01
Age of onset (mean + SD) 24.24 +8.39
CPZe (mg) 752.68 +474.38
PANSS-Total (mean + SD) 66.29 + 14.30
PANSS- Positive (mean + SD) 14.71+5.21
PANSS- Negative (mean + SD) 18.73 +6.38
PANSS-General (mean =+ SD) 32.85+7.16

SZ, Schizophrenia patients; HC, Healthy controls; ToM, Theory of Mind; RMET, Reading the Mind in the Eyes Test; WCST, Wisconsin Card Sorting Test; CPZe,
Chlorpromazine equivalent dose; PANSS, Positive and Negative Syndrome Scale.

t: Student's t-test; % chi- square test; Z: Mann- Whitney U test.

®One-way analysis of covariance (ANCOVA) adjusted for age and education level.
PCalculated by averaging the Z-scores of Stroop-time difference, WCST-categories and WCST-perseverative errors.

*p < .05.

Correlations between cognitive functions,
symptom severity and biological rhythm
disturbances

In patients, BRIAN total score was significantly nega-
tively correlated with RMET scores (p =.02). There
was also a significant positive correlation between

50.00] LSCH
W HC

P<.001

40.007]

30.004

Mean

20.00]

10.004

0.00-

BRIAN-
total sleep

BRIAN- BRIAN- BRIAN- BRIAN-

activity  soclal eating

Figure 1. Comparison of BRIAN total and subscale scores
between patients and healthy controls. BRIAN total score and
sleep, activity and social rhythm subscale scores were signifi-
cantly higher in patient group than controls (p <.001; p
=.02; p <.001 and p <.001, respectively). There was no signifi-
cant diffirence between study groups in terms of eating sub-
scale score (p=.39). Student’s t-test was used to compare
Brain total score and sleep subscale score; Mann-Whitney U
test was used to compare activity, social rhythm and eating
subscale scores. BRIAN: Biological Rhythm Interview of Assess-
ment in Neuropsychiatry.

BRIAN total score and PANSS total and subscale
scores (p=.002; p=.04, p<.001 and p <.001 for posi-
tive, negative, total and general PANSS scores, respect-
ively) (Table 2). There was no significant correlation
between BRIAN total score and executive functions
(p =.60). In patients, CPZe was significantly correlated
with BRIAN total (p = 0.04; r = 0.33) and there was no
correlation between BRIAN subscales (p=0.25, p=
0.12, p=0.08, p = 0.07 for sleep, activity, social and eat-
ing score, respectively); RMET (p =.50) and executive
functions (p = .27).

Multiple linear regression analysis on ToM
scores

RMET score were regressed on age, gender, PANSS
total score and disturbances of biological rhythm
(BRIAN-total score) in patients. It was observed that
gender and increased BRIAN total score was indepen-
dently associated with lower score for RMET in the
patients with SZ (Table 3). In HC, the same regression

Table 2. The correlation of BRIAN total scores with cognitive
domains and clinical symptoms in patient group.

Test Statistics p
ToM (RMET Score) p=-38 .02%
Executive Functions® p=-.09 .60
PANSS-total p=.60 <.001*
PANSS-positive r=.48 .002*
PANSS-negative r=.33 .04*
PANSS-general p=0.67 <.001*

BRIAN, Biological Rhythms Interview of Assessment in Neuropsychiatry;
ToM, Theory of Mind; RMET, Reading the Mind in the Eyes Test; PANSS,
Positive and Negative Syndrome Scale.

p = Pearson correlation coefficient, r = Spearman’s rank correlation coeffi-
cient.

Calculated by averaging the Z-scores of Stroop-time difference, WCST-cat-
egories and WCST-perseverative errors.

*p <.05.



Table 3. Regression analysis on ToM scores in patient group.

B SE B t p
Age -1 .07 -24 —-1.68 .10
Gender® 3.53 1.41 35 2.50 .02*
PANSS-total score —.002 .06 —.006 —.04 97
BRIAN =179 .08 -39 -2.27 .03*

ToM, Theory of Mind; PANSS, Positive and Negative Syndrome Scale; BRIAN,
Biological Rhythms Interview of Assessment in Neuropsychiatry.

B = Unstandardized beta coefficient; SE = Standard error; 8 = Standardized
beta coefficient.

2Gender: 1= Male; 0 = Female

*p <.05.

analysis revealed that age was the only predictor for
ToM scores (B=—.14, SE=3.74, B: —.36, t: —=2.33, p
=.03), whereas gender and BRIAN total score were
not significantly correlated with RMET score.

Discussion

To our knowledge, this is the first study to investigate
the relationship between the executive and emotional
functioning in addition to subjective measures of bio-
logical rhythm in patients with schizophrenia. The sig-
nificant finding of this study was the patients with
schizophrenia showed significantly higher disruptions
of biological rhythm than healthy controls and that dis-
ruptions were associated with lower performance on
emotional functioning (ToM ability). Furthermore,
increased levels of disruption of biological rhythm
(BRIAN score) and gender predict strongly facial rec-
ognition (RMET score) nor then other variables in
patients with schizophrenia.

Some evidence suggested that poor and
inadequate sleep may be associated with ToM
impairments due to brain regions involved in the
sleep-wake homeostasis, and the biological rhythm
also seems to correspond to both emotional infor-
mation processes and ToM deficits [4]. The amyg-
dala and fusiform gyrate implicated in the
performance of the affective facial recognition and
emotional information processing/regulation [4].
Sleep-deprivation (SD) can activate amygdala with
greater magnitude, and this demonstrates that shor-
tened sleep duration intensifies emotional reactivity,
and it causes reduced functional connectivity
between the amygdala and medial prefrontal cortex
(an area found to be responsible in the feedback of
emotional processing) [10].

Shorter sleep and quality of sleep has also been
associated with emotional information in both adults
and youth and suggested with studies that they predict
poor performance to identify pure facial emotions
[4,32] and to match emotions to faces [33]. The recent
analysis demonstrated the role of negative affect in the
relationship between sleep problems and paranoia [34].
The data on the interplay between insomnia and
emotion proposes that insomnia can provide to
strengthen the effect of negative experiences [35]. For
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example, one study found that reduced sleep not only
exaggerated the negative emotional consequences of
disturbed daytime experiences but also weakened the
positive consequences of rewarding activities [36].
However, psychosis spectrum disorders are linked
with a range of sleep problems and these findings
based on the general population. Therefore, generaliz-
ing these data to clinical groups may be inaccurate, so
caution must be taken [34].

Furthermore, our results showed that patients with
schizophrenia had higher disruption of the biological
rhythm (BRIAN-total score) than healthy controls.
This finding fits well with previous findings that
abnormalities of sleep and biological rhythm are
often observed in patients with schizophrenia. The
increased level of disruption on biological rhythm in
schizophrenia has been supported, which showed
that patients have higher circadian variation in sleep
onset and sleep termination when compared to age-
matched healthy controls [2]. Recent study identified
the diurnal rhythms of the gene expression in the
human dorsolateral prefrontal cortex and found that
most of these transcripts are not rhythmic in subjects
with schizophrenia compared than healthy controls
[37]. Also, morning chronotype was found negatively
correlated with schizophrenia and several of the
mapped genes at the chronotype-associated loci are
well-known schizophrenia loci and suggested that a
shared biological mechanism between chronotype
and schizophrenia risk [38]. Furthermore, duration of
illness, age, type, or dosage of antipsychotic medication
have not found related to biological rhythm disruption
in patients with schizophrenia [2,17].

The patients with schizophrenia also displayed
worse disruption in the BRIAN social and activity sub-
domains addition to the total score and sleep domain.
The impaired social skill can be associated with circa-
dian misalignment and misaligned biological rhythm
cause the decreased level of attendance daytime and
functioning [15]. For instance, physical activity has
been found significantly lower in non-medicated
patients with schizophrenia and identify with reduced
cognitive function and the increased level of severity
of illness. As mentioned previously, the locomotor
activity can reset as an entraining signal and represent
a mechanism for endogenous behaviour to feedback
and change following circadian functions. Therefore,
in the same study, the authors suggested that the exer-
cise or optimize daily activity might be as a non-
pharmacological treatment option in psychosis for
improving social adjustment or quality of life in
patients with schizophrenia [15].

In our sample, there was also a significant positive
correlation between BRIAN scores and positive, nega-
tive, and total PANSS scores. Our findings are in line
with the literature, which is suggested that sleep and
circadian misalignment might be associated with the
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severity of schizophrenia. The relationship between
shorter sleep duration and delusional ideas and hallu-
cinations have been reported [39] and also found to
be highly predictive of transition to psychotic episode
in the following 18 month period in adolescents and
young adults at high risk [40]. Sleep disturbances
often accompany schizophrenia and maybe another
pathophysiological component of the disorder. Most
of the patients with schizophrenia experience sleep
problems such as difficulties in sleep-onset and sleep-
maintenance, reduced total sleep duration and sleep
efficiency, and increased sleep latency, which is irre-
spective of the disease stage and clinical course of the
disease [17]. It has been consistently shown that sleep
deprivation in healthy individuals can cause psycho-
tic-like features, including hallucinations, delusions,
cognitive impairments, and mood alterations, which
strongly resemble the core features of schizophrenia
[3,41]. Thus, sleep deprivation has been considered as
a model of psychosis in laboratory settings. Not only
in healthy individuals but also patients with schizo-
phrenia have been found associated disruption in
sleep with greater symptom severity and poor func-
tioning in the next day [41].

We did not find a relationship between executive
functions and domains of biological rhythm. We cal-
culated the compound score (Z-scores) for executive
functions to avoid false-positive results of multiple
testing. The compound executive function score was
also significantly lower in patients with schizophrenia
after controlling for age and education level. There is
evidence of associations between specific sleep and
circadian parameters and performance in various cog-
nitive tasks. For example, the daytime sleepiness,
more fragmented sleep and delayed melatonin release
was associated with the impairment of frontal lobe
function tasks [17] and the circadian preferences,
low secretion of melatonin, impairment of verbal
memory (recognition) and Stroop task in patients
with schizophrenia [19]. Also, spindle activity during
stage 2 non-REM sleep in patients with schizophrenia
has found associated with overnight improvements in
functioning in a finger-tapping, sequence learning
task [42]. Regarding the results, the possibility
remains that the relationship between biological
thythm and cognitive performance might be task-
specific, it would be appropriate to confirm the
findings with the use of another cognitive batteries/
task [19].

Regarding our literature search, no study was con-
ducted with the BRIAN questionnaire in patients with
schizophrenia. The BRIAN was developed with a
focus on biological rhythm in patients with the
mood disorder [24] and showed promising validity
with the objective parameters of circadian rhythmi-
city, including actigraphy records [43] and level of
urinary 6-sulfatoxymelatonin [44]. It also suggested

that and subjective measures (BRIAN) provide exten-
sive evidence of sleep and biological rhythm system
disruptions in mental disorders [44]. Also, the
BRIAN appears to be a feasible tool to evaluate all
domain of biological rhythms, due to the other scales
that only indirectly measure biological rhythm by
testing seasonality or chronotype or subjective quality
of sleep [45].

We must note several limitations to our study. The
cross-sectional nature of the study does not allow us to
explore the causal relationships between biological
rhythm disturbances and ToM. The BRIAN question-
naire measures retrospectively for the last 15 days of
individuals. Also, the results cannot generalize for an
extended period. Therefore, we included patients with
no history of exacerbating psychosis within the last
one year. We could not study with objective parameters
in biological rhythms and sleep, and future investi-
gations should both subjective and objective par-
ameters of sleep, social, eating patterns in SZ. Also,
using actigraphy should be considered for having
high concordance with polysomnography in healthy
adults and more extended recording periods (i.e. 7-
14 days), which consider for a representative analysis
of sleep and daily activity rhythm patterns. We
included the patients in the study from a single outpa-
tient clinic; a multi-centre study is required to test our
results.

Conclusion

The findings suggested that the disruption of biological
rhythm might be strongly associated with ToM ability
and severity of illness in patients with schizophrenia.
While some studies have suggested misaligned biologi-
cal rhythm with symptom exacerbation, including
potentiating psychosis and cognitive impairments in
schizophrenia, very few studies have investigated bio-
logical rhythm in patients with schizophrenia in great
detail, including emotional functioning. The optimiz-
ation of biological rhythm which might have a role to
improve social impairments can be as a non-pharma-
cological treatment option in patients with schizo-
phrenia. Further research with subjective and
objective parameters and longitudinal investigations
must be conducted to analyse causal relationships
between biological rhythms and emotional functioning
in patients with schizophrenia.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.



References

(1]

(6]

Monti JM, BaHammam AS, Pandi-Perumal SR, et al.
Sleep and circadian rhythm dysregulation in schizo-

phrenia. ~ Prog  NeuroPsychopharmacol  Biol
Psychiatry. 2013;43:209-216. doi:10.1016/j.pnpbp.
2012.12.021.

Wulff K, Dijk D-J, Middleton B, et al. Sleep and circa-
dian rhythm disruption in schizophrenia. Br ]
Psychiatry. 2012;200:308-316.

Pocivavsek A, Rowland LM. Basic neuroscience illumi-
nates causal relationship between sleep and memory:
translating to  schizophrenia.  Schizophr Bull.
2018;44:7-14.

Tesfaye R, Gruber R. The association between sleep
and theory of mind in school aged children with
ADHD. Med Sci. 2017;5. d0i:10.3390/medsci5030018.
Lu FM, Liu CH, Lu SL, et al. Disrupted topology of
frontostriatal circuits is linked to the severity of insom-
nia. Front Neurosci. 2017;11:214. doi:10.3389/fnins.
2017.00214.

Robbins TW, Murphy ER. Behavioural pharmacology:
40+ years of progress, with a focus on glutamate recep-
tors and cognition. Trends Pharmacol Sci.
2006;27:141-148.

Dijk D-J, Archer SN. PERIOD3, circadian phenotypes,
and sleep homeostasis. Sleep Med Rev. 2010;14:151—
160.

Parekh PK, Ozburn AR, McClung CA. Circadian clock
genes: effects on dopamine, reward and addiction.
Alcohol. 2015;49:341-349. doi:10.1016/j.alcohol.2014.
09.034.

Walker MP, Stickgold R. Sleep, memory, and plasticity.
Annu Rev Psychol. 2006;57:139-166. doi:10.1146/
annurev.psych.56.091103.070307.

Yoo SS, Gujar N, Hu P, et al. The human emotional
brain without sleep — a prefrontal amygdala discon-
nect. Curr Biol. 2007;17:R877-R878. doi:10.1016/j.
cub.2007.08.007.

Premack D, Woodruff G. Does the chimpanzee have a
theory of mind? Behav Brain Sci. 1978;1:515-526.
Popolo R, Dimaggio G, Luther L, et al. Theory of mind
in schizophrenia: associations with clinical and cogni-
tive insight controlling for levels of psychopathology. ]
Nerv Ment Dis. 2016;204:240-243. doi:10.1097/nmd.
0000000000000454.

Zhang Q, Li X, Parker GJ, et al. Theory of mind corre-
lates with clinical insight but not cognitive insight in
patients  with  schizophrenia.  Psychiatry  Res.
2016;237:188-195. doi:10.1016/j.psychres.2016.01.044.
Mistlberger RE, Antle MC. Entrainment of circadian
clocks in mammals by arousal and food. Essays
Biochem. 2011;49:119-136. doi:10.1042/bse0490119.
Kodaka M, Tanaka S, Takahara M, et al
Misalignments of rest-activity rhythms in inpatients
with  schizophrenia. Psychiatry Clin Neurosci.
2010;64:88-94. doi:10.1111/j.1440-1819.2009.02047 x.
Ben Simon E, Walker MP. Sleep loss causes social with-
drawal and loneliness. Nat Commun. 2018;9:3146.
doi:10.1038/s41467-018-05377-0.

Bromundt V, Késter M, Georgiev-Kill A, et al. Sleep-
wake cycles and cognitive functioning in schizo-
phrenia. Br J Psychiatry. 2011;198:269-276.

Manoach DS, Pan JQ, Purcell SM, et al. Reduced sleep
spindles in schizophrenia: A treatable endophenotype
that links risk genes to impaired cognition? Biol

(19]

(20]

(21]

(22]

(23]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

PSYCHIATRY AND CLINICAL PSYCHOPHARMACOLOGY 461

Psychiatry. 2016;80:599-608. doi:10.1016/j.biopsych.
2015.10.003.

Sahbaz C, Ozer OF, Kurtulmus A, et al. Evidence for an
association of serum melatonin concentrations with
recognition and circadian preferences in patients
with schizophrenia. Metab Brain Dis. 2019. doi:10.
1007/s11011-019-00395-3.

Tek C, Palmese LB, Krystal AD, et al. The impact of
eszopiclone on sleep and cognition in patients with
schizophrenia and insomnia: a double-blind, random-
ized, placebo-controlled trial. ~ Schizophr Res.
2014;160:180-185. doi:10.1016/j.schres.2014.10.002.
First MB, Spitzer RL, Gibbon M, et al. (2002).
Structured clinical interview for DSM-IV-TR axis I dis-
orders, research version, patient edition. SCID-I/P.
Kay SR, Fiszbein A, Opler LA. The positive and nega-
tive syndrome scale (PANSS) for schizophrenia.
Schizophr Bull. 1987;13:261-276. do0i:10.1093/schbul/
13.2.261.

Kostakoglu E, Batur S, Tiryaki A, et al. Reliability and
validity of the Turkish version of the Positive and
Negative Syndrome Scale (PANSS). Turk Psikoloji
Dergisi. 1999;14:23-34.

Giglio LMF, Magalhdes PVdS, Andreazza AC, et al.
Development and use of a biological rhythm interview.
] Affect Disord. 2009;118:161-165.

Aydemir O, Akkaya C, Altinbas K, et al. Biyolojik ritim
degerlendirme goriismesinin  Tirkge siiriimiiniin
giivenilirligi ve gecerliligi. Psychiatry. 2012;13:256-
261.

Heaton RK, Chelune GJ, Talley JL, et al. Wisconsin
Card Sorting Test (WCST): manual: revised and
expanded. Odessa: Psychological Assessment Resources
(PAR); 1993.

Golden CJ. (1978). A manual for the clinical and exper-
imental use of the Stroop color and word test.
Karakas S, Erdogan E, Sak L, et al. Stroop Testi TBAG
Formu: Tiirk kiltiiriine standardizasyon caligmalari,
giivenirlik ve gecerlik. Klinik Psikiyatri. 1999;2:75-88.
Ugok A, Kaya H, Ugurpala C, et al. History of child-
hood physical trauma is related to cognitive decline
in individuals with ultra-high risk for psychosis.
Schizophr Res. 2015;169:199-203. doi:10.1016/j.
schres.2015.08.038.

Baron-Cohen S, Jolliffe T, Mortimore C, et al. Another
advanced test of theory of mind: evidence from very
high functioning adults with autism or Asperger syn-
drome. J Child Psychol Psychiatry. 1997;38:813-822.
Yildirim EA, Kasar M, Giuidiik M, et al. Investigation of
the reliability of the “Reading the Mind in the Eyes
Test” in a Turkish population. Turk Psikiyatri Derg.
2011;22(3):177-186.

Soffer-Dudek N, Shahar G. Daily stress interacts with
trait dissociation to predict sleep-related experiences
in young adults. ] Abnorm Psychol. 2011;120:719-
729. doi:10.1037/a0022941.

Deliens G, Gilson M, Peigneux P. Sleep and the proces-
sing of emotions. Exp Brain Res. 2014;232:1403-1414.
doi:10.1007/s00221-014-3832-1.

Scott AJ, Rowse G, Webb TL. A structural equation
model of the relationship between insomnia, negative
affect, and paranoid thinking. PLoS One. 2017;12:
€0186233. doi:10.1371/journal.pone.0186233.

Gujar N, Yoo SS, Hu P, et al. Sleep deprivation
amplifies reactivity of brain reward networks, biasing
the appraisal of positive emotional experiences. ]


https://doi.org/10.1016/j.pnpbp.2012.12.021
https://doi.org/10.1016/j.pnpbp.2012.12.021
https://doi.org/10.3390/medsci5030018
https://doi.org/10.3389/fnins.2017.00214
https://doi.org/10.3389/fnins.2017.00214
https://doi.org/10.1016/j.alcohol.2014.09.034
https://doi.org/10.1016/j.alcohol.2014.09.034
https://doi.org/10.1146/annurev.psych.56.091103.070307
https://doi.org/10.1146/annurev.psych.56.091103.070307
https://doi.org/10.1016/j.cub.2007.08.007
https://doi.org/10.1016/j.cub.2007.08.007
https://doi.org/10.1097/nmd.0000000000000454
https://doi.org/10.1097/nmd.0000000000000454
https://doi.org/10.1016/j.psychres.2016.01.044
https://doi.org/10.1042/bse0490119
https://doi.org/10.1111/j.1440-1819.2009.02047.x
https://doi.org/10.1038/s41467-018-05377-0
https://doi.org/10.1016/j.biopsych.2015.10.003
https://doi.org/10.1016/j.biopsych.2015.10.003
https://doi.org/10.1007/s11011-019-00395-3
https://doi.org/10.1007/s11011-019-00395-3
https://doi.org/10.1016/j.schres.2014.10.002
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1016/j.schres.2015.08.038
https://doi.org/10.1016/j.schres.2015.08.038
https://doi.org/10.1037/a0022941
https://doi.org/10.1007/s00221-014-3832-1
https://doi.org/10.1371/journal.pone.0186233

462 (&) C.SAHBAZ AND A. KURTULMUS

Neurosci. 2011;31:4466-4474. doi:10.1523/jneurosci.
3220-10.2011.

Zohar D, Tzischinsky O, Epstein R, et al. The effects of
sleep loss on medical residents’ emotional reactions to
work events: a cognitive-energy model. Sleep.
2005;28:47-54. doi:10.1093/sleep/28.1.47.

Seney ML, Cahill K, Enwright JF, et al. Diurnal
rhythms in gene expression in the prefrontal cortex
in schizophrenia. Nat Commun. 2019;10:3355. doi:10.
1038/s41467-019-11335-1.

Jones SE, Lane JM, Wood AR, et al. Genome-wide
association analyses of chronotype in 697,828 individ-
uals provides insights into circadian rhythms. Nat
Commun.  2019;10:343.  doi:10.1038/s41467-018-
08259-7.

Reeve S, Nickless A, Sheaves B, et al. Sleep duration
and psychotic experiences in patients at risk of psycho-
sis: a secondary analysis of the EDIE-2 trial. Schizophr
Res. 2019;204:326-333. doi:10.1016/j.schres.2018.08.
006.

Ruhrmann S, Schultze-Lutter F, Salokangas RKR, et al.
Prediction of psychosis in adolescents and young
adults at high risk: results from the prospective
European prediction of psychosis study. Arch Gen

(41]

(42]

(43]

Psychiatry. 2010;67:241-251. doi:10.1001/
archgenpsychiatry.2009.206.

Reeve S, Sheaves B, Freeman D. The role of sleep dys-
function in the occurrence of delusions and hallucina-
tions: a systematic review. Clin Psychol Rev.
2015;42:96-115. doi:10.1016/j.cpr.2015.09.001.
Wamsley EJ, Shinn AK, Tucker MA, et al. The effects of
eszopiclone on sleep spindles and memory consolida-
tion in schizophrenia: a randomized placebo-controlled
trial. Sleep. 2013;36:1369-1376. doi:10.5665/sleep.2968.
Allega OR, Leng X, Vaccarino A, et al. Performance of
the biological rhythms interview for assessment in neu-
ropsychiatry: an item response theory and actigraphy
analysis. J Affect Disord. 2018;225:54-63. doi:10.
1016/j.jad.2017.07.047.

Slyepchenko A, et al. Association of functioning and
quality of life with objective and subjective measures
of sleep and biological rhythms in major depressive
and bipolar disorder. Aust N Z ] Psychiatry. 2019:
4867419829228. doi:10.1177/0004867419829228.

Cho CH, Jung SY, Kapczinski F, et al. Validation of the
Korean version of the biological rhythms interview of
assessment in neuropsychiatry. Psychiatry Investig.
2018;15:1115-1120. doi:10.30773/pi.2018.10.21.1.


https://doi.org/10.1523/jneurosci.3220-10.2011
https://doi.org/10.1523/jneurosci.3220-10.2011
https://doi.org/10.1093/sleep/28.1.47
https://doi.org/10.1038/s41467-019-11335-1
https://doi.org/10.1038/s41467-019-11335-1
https://doi.org/10.1038/s41467-018-08259-7
https://doi.org/10.1038/s41467-018-08259-7
https://doi.org/10.1016/j.schres.2018.08.006
https://doi.org/10.1016/j.schres.2018.08.006
https://doi.org/10.1001/archgenpsychiatry.2009.206
https://doi.org/10.1001/archgenpsychiatry.2009.206
https://doi.org/10.1016/j.cpr.2015.09.001
https://doi.org/10.5665/sleep.2968
https://doi.org/10.1016/j.jad.2017.07.047
https://doi.org/10.1016/j.jad.2017.07.047
https://doi.org/10.1177/0004867419829228
https://doi.org/10.30773/pi.2018.10.21.1

	Abstract
	Introduction
	Methods
	Participants
	Measurements
	Clinical and sociodemographic measures
	Neuropsychological measures
	Wisconsin card sorting test (WCST)
	Stroop test
	Reading the mind in the eyes test (RMET)


	Statistical analyses

	Results
	Sociodemographic, clinical characteristics and cognitive test scores of SZ and HC
	Biological rhythm disturbances in patients with SZ
	Correlations between cognitive functions, symptom severity and biological rhythm disturbances
	Multiple linear regression analysis on ToM scores

	Discussion
	Conclusion
	Disclosure statement
	References

