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ABSTRACT

Objective: Neurological soft signs (NSS) and sleep disorders are quite common in schizophrenia. Both symptom clusters have 
been proposed as candidate endophenotypes for the disorder. This study aimed to investigate the relationships between NSS, 
chronotype and sleep quality among patients with schizophrenia.

Method: Positive and Negative Syndrome Scale, The Neurological Evaluation Scale (NES), Morningness-Eveningness 
Questionnaire (MEQ), Pittsburgh Sleep Quality Index (PSQI), Beck Depression Inventory (BDI), and Beck Anxiety Inventory (BAI) 
were administered to 50 patients with schizophrenia and 50 age- and gender-matched healthy control participants. Group 
differences were assessed using multivariate covariance models. We used stepwise multiple regression analysis to evaluate the 
potential relationships between NSS and clinical characteristics, diurnal preferences, sleep quality, anxiety, and depression in 
patients with schizophrenia.

Results: Patients with schizophrenia were more likely to reveal severe impairments in NSS than healthy control participants 
even after controlling for demographic characteristics and the MEQ, PSQI, BAI, and BDI scores. In addition, patients were more 
prone to report evening-type characteristics than healthy individuals. Sleep disturbances were significant correlates of deficits 
in total NES, motor coordination, and other NSS. PSQI global and poor habitual sleep efficiency were associated with sequencing 
of complex motor acts. No relationships were found between NSS and chronotype. However, general psychopathology 
significantly contributed to NSS.

Conclusion: The data showed that evening-type diurnal preferences and sleep quality as well as NSS seem to have complex 
implications in schizophrenia.
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INTRODUCTION

Neurological soft signs (NSS) are minor abnormal signs 
on clinical neurological examination that are mostly 
concentrated in the areas of sensory integrity, motor 
coordination, and sequential motor actions (1-3). 
Collectively, they may suggest the existence of an 
organic pathology (4).

In almost all studies, NSS were found to be 
significantly higher in patients with schizophrenia than 
in control participants (5). Moreover, NSS have been 
shown to be more common in first-degree relatives of 
patients with schizophrenia than control participants 
(6,7). According to previous studies, the presence of a 
high rate of NSS in schizophrenia patients is associated 
with early neurodevelopmental abnormalities (8,9) and 
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is not associated with prognosis or treatment (10). 
However, NSS do not show the same homogeneity in all 
schizophrenia patient groups. In patients with negative 
symptoms, chronic progression, resistance to treatment, 
and impaired cognitive functions, NSS were found to be 
more common than other patients (11-13). NSS are, 
therefore, an endophenotype candidate that can be used 
for research on the genetic origin of schizophrenia.

In humans, the sleep-wake cycle, body temperature, 
hormone levels, affect, and certain cognitive functions 
have a daily rhythm called circadian rhythm (14,15). 
Advance, delay, or deterioration in the circadian rhythm 
is strongly associated with psychiatric disorders, 
particularly, mood disorders, such as bipolar depression, 
major depression, and seasonal affective disorders (16). 
Humans have different chronotypes called morningness 
and eveningness in terms of differences in biological 
and behavioral rhythms, including sleep-wake cycles, 
body temperature fluctuation, cortisol release, and 
melatonin release time. Morningness-type individuals 
go to sleep early, wake up early, and perform better in 
the morning. Eveningness-type individuals go to sleep 
late and prefer evening hours for activities (17,18). 
There is a phase difference of about 2 h between the two 
types. This phase difference is also approximately 2 h in 
terms of the periods of release of hormones, such as 
body temperature hormones, cortisol, and melatonin 
(18). In addition,a relationship between depression and 
chronotypes due to circadian rhythm differences has 
beendefined. While being an evening-typeindividual is 
considered a risk for the development of depression in 
healthy individuals (19), eveningness-type depressive 
patients have more suicidal ideation and higher 
depression scores and lower sleep quality than 
morningness-type depressive patients (20,21). Features 
such as neuroticism, impulsivity, stressful lifestyle, and 
sleep disturbances (i.e., irregular sleep-wake cycles, 
decreased sleep activity, and decreased slow-wave sleep) 
are associated with circadian rhythm in the relationship 
between eveningness and depression (21-23). Unlike 
morningness-type individuals, eveningness-type 
individuals have a delayed phase, incompatible internal 
and external rhythm determinants, and, thus, a 
disturbed relationship between circadian rhythm and 
homeostasis (24).

Schizophrenia has long been associated with sleep 
abnormalities; however, only a few studies have been 
conducted on circadian rhythms and chronotypes (25). 
These studies indicated that patients with schizophrenia 
have severe circadian sleep-wake disturbances, and 
schizophrenia may be associated with the eveningness 

chronotype (26-28). A complex interaction of wake and 
sleep mechanisms, neurotransmitter systems, multiple 
brain regions, and modulatory hormones is thought to 
be responsible for the generation of sleep and circadian 
rhythm disturbances in patients with schizophrenia 
(26,29). Variations in multiple genes have been shown 
to be associated with rhythm-related sleep disorders, 
sleep homeostasis, phenotypic differences between 
morning and evening preferences (30), midbrain 
dopamine regulation, and reward processing (31). 
These findings suggest that sleep-wake disturbances in 
patients with schizophrenia may have a genetic basis 
(32). The demonstration that circadian rhythm 
disorders predict poor prognosis at a 1-year follow-up 
in adolescents at clinically high risk for psychosis (33) 
and a strong association between circadian rhythm 
integrity and cognitive performance (34) also support 
that sleep-wake disturbances in patients with 
schizophrenia may provide an endophenotypic 
dimension.

Concerning both NSS and chronotype in 
schizophrenia, the presence of common features, such 
as those observed before onset of the disease, 
thoserelated to cognitive impairment, and those 
providing evidence of a genetic basis, suggest that these 
dimensions may be related. In this study, we aimed to 
investigate NSS and chronotype and to examine the 
comparative relationship between these variables in 
patients with schizophrenia and healthy control 
participants. We explored whether NSS was 
significantly associated with diurnal preferences and 
sleep quality. We investigated whether schizophrenia 
patients differenced in their NSS symptoms from 
health controls after adjusting for diurnal preferences, 
sleep quality, anxiety, depression, and demographics. 
We also investigated group differences in diurnal 
preferences and sleep quality after controlling for 
demographic characteristics. Finally, we identified the 
predictive values of demographic and clinical variables, 
diurnal preferences, sleep quality, anxiety, and 
depression on NSS.

METHOD

Participants
Fifty outpatients who had consecutively applied to the 
Izmir Katip Celebi University Education and Research 
Hospital, Psychiatry Outpatient Clinic within the 
specified 20 days and met the inclusion criteria were 
included in the study. Patients with clinically significant 
and/or considerable depressive symptoms and patients 
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with severe cognitive impairment were excluded from 
the study. Outpatients were preferred because 
hospitalization was thought to adversely affect sleep 
patterns and comparison with healthy control 
participants. All patients were taking antipsychotics. 
The patients who used antiparkinsonian medications, 
benzodiazepines, antihistaminic medications, minor 
tranquilizers, and other psychotropics and patients who 
had extrapyramidal side effects were excluded because 
all these factors were thought to affect NSS. Fifty healthy 
age- and gender-matched controls were used 
forstatistical analysis (Table 1). The mean age of the 
patients and healthy control participants was 37.73 
years [standard deviation (SD)12.42, range 20-67].

All participants gave written and informed consent 
to participate in accordance with the Declaration of 
Helsinki after the institutional review board approval. 
The study was approved by the local ethics committee.

Measures
Two examiners who were also qualified psychiatrists 
confirmed the diagnoses using the fourth edition of 
“Structural Clinical Interview for the Diagnostic and 
Statistical Manual of Mental Disorders” (SCID-IV) (35).

Neurological Evaluation Scale (NES): We assessed 
NSS with the NES. The NES scale yields a total and four 
neurological subscale scores of sensory integration, 
motor coordination, sequencing of complex motor acts, 
and other NSS” (36). The Turkish version of the NES 
had adequate reliability and validity (37).

Positive and Negative Syndrome Scale (PANSS): 
The PANSS was used to evaluate the psychotic symptoms, 
which contains three subscales ofpositive, negative, and 
general psychopathology. The PANNS consists of 30 
items (38). The Turkish version of the PANNS was 
demonstrated to have good psychometric properties (39).

Morningness-Eveningness Questionnaire (MEQ): 
Chronotype was evaluated by using the MEQ (40). The 
MEQ is a self-assessment questionnaire that measures 
the peak and nadir of one’s day-to-day activities. Horne 
and Ostberg confirmed this scale against daily 
temperature rhythms. The Turkish MEQ had good 
reliability and reliability (41).

Pittsburgh Sleep Quality Index (PSQI): The PSQI 
was used to assess quality of sleep among participants 
(42). This PSQI contains 19 items examining seven 
components of subjective sleep quality, habitual sleep 
efficiency, sleep latency, sleep disturbances, sleep 
duration, use of sleeping medication, and daytime 
dysfunction. The validity and reliability of the Turkish 
PSQI was demonstrated by Agargun et al. (43).

Beck Depression Inventory (BDI): Examination of 
depressive symptoms was based on the BDI. BDI is a 
21-item self-report instrument designed to evaluate the 
presence and severity of symptoms of depression. Each 
item is asked to be rated on a 4-point scale, ranging 
from 0 and 3. A total score is obtained by summing up 
the item responses, yielding a total score ranging from 0 
to 63 (44). The BDI was translated into Turkish, and 
good validity and reliability was reported for the 
Turkish version (45).

Beck Anxiety Inventory (BAI): The BAI was 
devised to examine anxiety arousal symptomsover the 
past week. Participants are asked to rate each item on a 
4-point scale, ranging from 0 and 3. The greater the 
scores, the higher the symptom severity. The BAI is the 
gold standard in evaluating physiological anxious 
arousal (46). The BAI was translated into Turkish, and 
good validity and reliability was reported for the Turkish 
version (47).

Statistical Analysis
We began with computing descriptive statistics for socio-
demographic and clinical features of the patients and 
healthy controls. Using nonparametric χ-squared test, we 
compared gender and marital status between groups. We 
used independent sample t-test in order to compare age 
and duration of education between patients with 
psychosis and healthy controls. We performed Pearson 
product moment correlation coefficients of total and 
subscale scores on the NES with psychological variables.

Using general linear modeling approach, we assessed 
group differences in NSS, diurnal preferences and sleep 
quality. For the total scores of the NES, we used analysis 
of covariance (ANCOVA) after controlling for age, 
gender, marital status, education (yrs), and scores on the 
BAI, BDI, MEQ, and PSQI to compare groups. Next, to 
explore significance of multivariate variation on NSS 
between groups, we carried out multivariate analysis of 
covariance (MANCOVA) for the four subscales of the 
NES (sensory integration, motor coordination, 
sequencing of complex motor acts, and other NSS) after 
controlling for age, gender, marital status, education 
(yrs), and scores on the BAI, BDI, MEQ, and PSQI. 
Then, each subscale of the NES was compared between 
groups using ANCOVA.

A body of evidence has well-documented in the 
literature that depression and anxiety have substantial 
shared variances with diurnal preferences and sleep 
quality (48-51). Therefore, we carried out two 
ANCOVAs after adjusting for only demographic 
variables (age, gender, marital status, education), in 
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which the MEQ and PSQI total scores were dependent 
variables. Next, seven components of the PSQI 
(subjective sleep quality, sleep latency, sleep duration, 
habitual sleep efficiency, sleep disturbances, use of 
sleeping medication and daytime dysfunction) were 
subjected to MANCOVA together after controlling for 
demographics. Finally, group difference for each 
component of the PSQI was evaluated using ANCOVA.

We carried out four stepwise multiple regression 
analyses among patients with schizophrenia. The total 
and subscale scores on the NES were dependent 
variables in theregression analyses. Socio-demographic 
variables (age, gender, education, and marital status), 
clinical features (age at the onset, duration of the illness 
(yrs), and number of hospitalization), subscale scores of 
the PANSS (positive and negative symptom severity, 
and general psychopathology),the PSQI components 
(subjective sleep quality, habitual sleep efficiency, sleep 
latency, sleep disturbances, sleep duration, use of 
sleeping medication, and daytime dysfunction), and 
total scores on the MEQ, BAI and BDI regressed onto 
neurological symptoms as measured by total and 
subscales the NES.

RESULTS

The sociodemographic and clinical characteristics of 
the patients and healthy control participants are 
presented in Table 1. Gender (χ[1]=361, p=0.548) and 
age (t[98]=0.377, p=0.707) did not statistically 
significantly differ between schizophrenia patients and 
healthy control participants. Patients with schizophrenia 
were more likely to be single than healthy control 
participants (χ[1]=9.180, p=0.002).

Using Pearson product moments correlation 
coefficients, we evaluated the associations between scale 
scores and NSS by groups. Schizophrenia patients with 
high NSS as indexed by the NES reported significantly 
greater scores of general psychopathology (r=0.28, 
p<0.05). Impairment in sensory integration was 
significantly correlated with general psychopathology 
(r=0.28, p<0.05), poor subjective sleep quality (r=0.30, 
p<0.05), and longer sleep latency (r=0.30, p<0.05) 
among patients with schizophrenia. In the healthy 
control group, anxiety (r=0.33 p<0.05), depression 
(r=0.33, p<0.05), and sleep disturbance (r=0.41, p<0.01) 
were significantly correlated with the total NES score. 
Difficulties in motor coordination were significantly 
associated with sleep disturbances (r=0.55, p<0.01). 
Deterioration in the sequencing of complex motor acts 
was significantly correlated with anxiety (r=0.48, 
p<0.01), depression (r=0.45, p<0.01), poor sleep quality 
(r=0.34, p<0.05), and disturbance in habitual sleep 
efficiency (r=0.33, p<0.05) among control participants. 
Anxiety (r=0.31, p<0.05), depression (r=0.31, p<0.05), 
and sleep disturbances (r=0.40, p<0.01) were 
significantly correlated with other NSS in healthy 
participants. These findings are presented in Table 2.

To explore the individual differences on scale scores 
between the patients and healthy control participants, 
we conducted a series of general linear analyses. First, 
we conducted an ANCOVA between patients and 
healthy control participants, in which the unique 
variance of dependent variables of the NES total scores 
were controlled for sociodemographic variables (i.e., 
age, gender, marital status, and education) and the total 
BAI, BDI, MEQ, and PSQI scores. Patients demonstrated 
significantly greater total NES scores than the control 

Table 1: Socio-demographic and clinical characteristics of the patients and healthy controls

Patients (n=50) Controls (n=50)

Gender

	 Female n, (%) 25 50% 28 56% χ (1)=361 p=0.548

	 Male n, (%) 25 50% 22 44%

Marital status

	 Single n, (%) 36 72% 21 42% χ (1)=9.180 p=0.002

	 Married n, (%) 14 28% 29 58%

Age (Mean, SD) 37.26 10.98 38.20 13.80 t (98)=0.377 p=0.707

Education (yrs) (Mean, SD) 9.62 4.36 14.10 3.82 t (98)=5.469 p<0.001

Age at the onset (Mean, SD) 26.00 10.66 - -

Duration of illness (Mean, SD) 11.26 7.96 - -

Number of hospitalizations (Mean, SD) 2.46 2.70 - -

Age at first hospitalization (Mean, SD) 30.18 12.03 - -
SD: Standard deviation
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participants (F [1, 90]=15.312, p<0.001, η2=0.145). 
Next, we conducted a MANCOVA, in which differences 
between the patient group and control group in the four 
subscales of the NES (sensory integration, motor 
coordination, sequencing of complex motor acts, and 
other NSS) were assessed after controlling for 
sociodemographic variables and the total BAI, BDI, 
MEQ, and PSQI scores. The MANCOVA yielded a 
significant Wilk’s λ value of 0.812 (F [4, 87]=5.043, 
p=0.01, η2=0.188). Therefore, to explore the group 
differences between patients and healthy controls on 
each subscale of the NES, we carried out four 
ANCOVAs. Each subscale of the NES (sensory 
integration, motor coordination, sequencing of complex 
motor acts, and other NSS) was subjected to ANCOVA 
separately. Compared to control participants, 
schizophrenia patients had marked deficits in sensory 

integration (F [1, 90]=14.484, p<0.001, η2=0.139), motor 
coordination (F [1, 90]=4.105, p<0.05, η2=0.044), the 
sequencing of complex motor acts (F [1, 90]=11.288, 
p<0.01, η2=0.111), and other NSS (F [1, 90]=8.657, 
p<0.01, η2=0.088),  even after adjusting for 
sociodemographic characteristics (age, gender, marital 
status, and education) and other scale scores (BAI, BDI, 
MEQ, and PSQI). Findings are presented in Table 3.

We conducted an ANCOVA between the groups for 
the tota l  MEQ scores  af ter  adjust ing for 
sociodemographic features(age, gender, marital status, 
and education). ANCOVA showed that schizophrenia 
patients were more prone to evening-type diurnal 
preferences than healthy participants (F [1, 94]=6.694, 
p<0.05, η2=0.066). In a similar vein, we conducted 
another ANCOVA between the groups for the PSQI 
global scores after controlling for sociodemographic 

Table 2: Pearson product-moment correlation coefficients

Neurological Sensory Motor Sequencing Others

Evaluation Integration Coordination of Complex

Scale Motor Acts

Positive symptoms 0.19/- 0.19/- 0.21/- 0.13/- 0.13/-

Negative symptoms 0.23/- 0.26/- 0.11/- 0.13/- 0.20/-

General psychopathology 0.28*/- 0.28*/- 0.09/- 0.19/- 0.27/-

Beck Anxiety Inventory 0.18/0.33* 0.16/-0.19 0.16/0.14 0.21/0.48** 0.08/0.31*

Beck Depression Inventory 0.19/0.36* 0.25/-0.06 0.22/0.20 0.10/0.45** 0.12/0.31*

Morningness Eveningness Questionnaire -0.15/0.08 -0.18/-0.01 -0.10/0.23 -0.13/-0.04 -0.10/0.13

Pittsburgh Sleep Quality Index 0.18/0.25 0.24/0.14 0.27/0.09 0.15/0.34* 0.06/0.14

Subjective Sleep Quality 0.14/0.19 0.30*/0.21 0.19/-0.06 0.15/0.24 -0.02/0.10

Sleep latency 0.24/0.06 0.30*/0.02 0.17/-0.15 0.14/0.16 0.18/0.03

Sleep duration 0.06/0.01 0.26/0.19 0.12/0.01 0.01/0.01 -0.05/-0.07

Habitual sleep efficiency 0.13/0.19 0.24/0.10 0.16/-0.02 0.06/0.33* 0.06/0.08

Sleep disturbances 0.18/0.41** 0.16/0.05 0.03/0.55** 0.26/0.26 0.10/0.40**

Use of sleeping medication -0.02/0.09 -0.16/-0.02 0.19/-0.15 0.11/0.22 -0.08/0.05

Daytime dysfunction 0.10/0.16 0.08/0.04 0.18/0.27 -0.05/0.17 0.12/0.08
*: p<0.05; **: p<0.01. Correlation analyses conducted in the patient group is presented in the left side of the columns and analyses conducted in control group are 
presented in the right side of the columns

Table 3: Group differences in neurological soft signs between patients and healthy controls (n=100)‡

Patients (n=50) Controls (n=50)

Mean SD Mean SD df F p η2

Neurological Evaluation Scale 10.54 7.30 2.60 2.84 (1, 90) 15.312 <0.001 0.145

	 Sensory integration 1.96 1.71 0.22 0.62 (1, 90) 14.484 <0.001 0.139

	 Motor coordination 0.82 1.17 0.16 0.42 (1, 90) 4.105 0.046 0.044

	 Sequencing of complex motor acts 3.18 2.29 0.92 1.16 (1, 90) 11.288 0.001 0.111

	 Other neurological soft signs 4.58 3.93 1.30 1.49 (1, 90) 8.657 0.004 0.088
‡Analysis of covariance was conducted after controlling for age, gender, marital status, education (yrs), and scores on the Beck Anxiety Inventory, Beck Depression 
Inventory, Morningness-Eveningness Questionnaire, and Pittsburgh Sleep Quality Index. SD: Standard deviation
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features (age, gender, marital status, and education). 
The ANCOVA analysis result with the PSQI total score 
as the dependent variable was not statistically significant 
(F [1, 94]=0.118, p=0.732, η2=0.001). Then, we carried 
out a MANCOVA between groups in which the PSQI 
subscales were treated as the dependent variables set. 
MANCOVA between the patient and control groups 
with the seven components of the PSQI as the dependent 
variables revealed significant multivariate group 
difference (Wilk’s λ=0.815, F[7, 88]=5.002 p=0.010, 
η2=0.185). Therefore, we carried out seven ANCOVAs 
to explore the differences in the PSQI components 
between patients and healthy controls. The ANOVA for 
use of sleep medication subscale revealed that patients 
were more likely to use sleep medications than control 
participants (F [1, 94]=10.649, p<0.01, η2=0.102). 
However, group differences in subjective sleep quality 
(F [1, 94]=3.751, p=0.056, η2=0.038), sleep latency (F [1, 
94]=0.522, p=0.472, η2=0.006),sleep duration (F [1, 
94]=1.284, p=0.260, η2=0.013), habitual sleep efficiency 
(F [1, 94]=0.161, p=0.689, η2=0.002), sleep disturbances 
(F [1, 94]=1.009, p=0.318, η2=0.011), and daytime 
dysfunction (F [1, 94]=0.522, p=0.472, η2=0.006) were 
not significant. These findings are presented in Table 4.

Using stepwise multiple regression analysis in the 
patient group (n=50), we investigated the predictive 
value of positive symptoms, negative symptoms, general 
psychopathology, diurnal preferences, anxiety, 
depression, the seven components of the PSQI, and 
sociodemographic (i.e., age, gender, marital status and 
levels of education) and clinical features (i.e., duration 
of the illness and number of hospitalizations) on the 
total and subscale NES scoresseperately. To this end, we 
run five multiple stepwise regression analyses.In the 
first regression analysis, in which the total NES score 
was the dependent variable, the final model converged 

at the second step. Increased levels of general 
psychopathology (β=0.30, t=2.205, p<0.05) and lower 
levels of education (β=-0.274, t=-2.041, p<0.05) were 
significantly related to NSS, explaining 15.5% of the 
variance in the total NES scores. The second multiple 
regression model converged at the first step that being 
male (β=0.40, t=3.031, p<0.01) was significantly 
associated with impairment in sensory integration. The 
third stepwise multiple regression analysis showed that 
the number of hospitalizations (β=0.40, t=2.975, 
p<0.01) was significantly associated with impairment in 
motor coordination. In the fourth stepwise regression 
analysis, we identified that patients with lower levels of 
education (β=-0.42, t=-3.247, p<0.01) reported 
significant deterioration in the sequencing of complex 
motor acts. In the final stepwise regression analysis, we 
found that neither of the independent variables 
significantly contributed to other soft neurological 
signs. The results of these analyses are presented in 
Table 5.

DISCUSSION

The most salient finding of this study was that NSS was 
prominent among schizophrenia patients in comparison 
to controls after controlling for anxiety, depression, 
sleep quality, diurnal preferences and sleep quality as 
well as demographic features. Evening-type diurnal 
preferences were more likely among psychotic patients 
than controls. Even though group differences were not 
significant, sleep disturbance was tied to the NES total 
and motor coordination deficits among patients. 
Sequencing of complex motor acts was a substantial 
correlate of the PSQI global and poor habitual sleep 
efficiency. General psychopathology was predictive of 
NSS.

Table 4: Group differences in diurnal preferences and sleep quality between patients and healthy controls (n=100)¥

Patients (n=50) Controls (n=50)

Mean SD Mean SD df F p η2

Morningness-Eveningness Questionnaire 55.86 6.08 51.94 10.38 (1, 94) 6.694 0.011 0.066

Pittsburgh Sleep Quality Index 7.00 4.06 5.70 3.35 (1, 94) 0.118 0.732 0.001

	 Subjective Sleep Quality 1.00 0.99 1.10 0.61 (1, 94) 3.751 0.056 0.038

	 Sleep latency 1.20 0.88 0.96 0.86 (1, 94) 0.522 0.472 0.006

	 Sleep duration 0.44 0.86 0.60 0.93 (1, 94) 1.284 0.260 0.013

	 Habitual sleep efficiency 0.68 1.02 0.56 0.97 (1, 94) 0.161 0.689 0.002

	 Sleep disturbances 1.46 0.58 1.18 0.66 (1, 94) 1.009 0.318 0.011

	 Use of sleeping medication 1.32 1.42 0.32 0.82 (1, 94) 10.649 0.002 0.102

	 Daytime dysfunction 0.90 0.97 0.98 0.94 (1, 94) 0.522 0.472 0.006
¥Analysis of covariance was conducted after controlling for age, gender, marital status and education (yrs), SD: Standard deviation
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Our findings suggested a correlation between 
general psychopathology and total NES, especially 
sensory integration. In general, negative symptoms were 
found to be the most relevant factors correlated with 
NSS (52-57), but motor signs were especially correlated 
with negative symptoms (58). Few studies have found 
significant associations with positive symptoms (59-61). 
While our study differs from other studies in terms of 
these results, a strong correlation between general 
symptoms of schizophrenia and NSS was reported in a 
meta-analysis (5). This notion has been confirmed by 
longitudinal studies addressing that the associations 
between psychotic symptomatology and NSS increase 
over time (4). In addition, differences in the strength of 
these associations may be a function of age, duration of 
the disease, and symptom severity in our outpatient 
group.

In healthy controls, anxiety and depression were 
correlated with the sequencing of complex motor acts, 
other NSS, and the total NES score. The presence of 
NSS is thought to help distinguish bipolar disorder from 
diseases that are less likely to have a neurodevelopmental 
component, such as unipolar depression (62-67). 
However, there are studies showing the presence of NSS 
in depression (65) and a correlation between NSS and 
anxiety-depressive symptomatology and childhood 
maltreatment (66).

Our study revealed a chronotype difference between 
patients with schizophrenia and healthy control 
participants and suggested an association with the 
eveningness chronotype in patients with schizophrenia, 
as was suggested in previous studies (26,33,67,68). 

However, no correlation was found between NSS and 
chronotype. The hypothesis that NSS and chronotype 
may have a relationship due to the common phenotypic 
characteristics was not confirmed in our study. Since 
our study is the first study on this relationship, this 
hypothesis can be tested in future studies.

On the other hand, relationships including 
impairment in sensory integration and poor subjective 
sleep quality, andimpairment in sensory integration and 
longer sleep latency were substantial in patients with 
schizophrenia. Sleep and circadian rhythm impairment 
in schizophrenia have been reported as hallmarks of the 
disorder (69,70). Patients with schizophrenia have been 
reported to experience “a wide range of sleep disruption 
phenotypes” that may have substantial suggestions for 
understanding the underlying pathophysiology of the 
disorder (71). Difficulties with sleep continuity and 
increased sleep onset latency are also among these 
phenotypes (72-75), which are also observed in the 
prodromal phase (67,68). The finding that deterioration 
in sensory integration is associated with sleep 
disturbance in our study also contributes to the 
hypothesis that disruption of sleep and atypical brain 
functioning may be interlaced (76). Similarly, the 
finding that deterioration in NSS was also associated 
with sleep-related parameters in healthy control 
participants in our study supports these notions. So 
much so that we found an association between NSS, 
especially difficulties in motor coordination and sleep 
disturbances and an association between the sequencing 
of complex motor acts and poor sleep quality in healthy 
controls.

Table 5: Stepwise multiple regression analysis on neurological soft signs in patient group (n=50)

Dependent variable R2 Independent variable Model F test Β t p

Neurological Evaluation Scale

	 Step 1 0.080 General
psychopathology F (1, 48)=4.196, p=0.046 0.284 2.048 0.046

	 Step 2 0.155 General
psychopathology F (2, 47)=4.318, p=0.019 0.296 2.205 0.032

Education (yrs) -0.274 -2.041 0.047

Sensory integration

	 Step 1 0.161 Gender¥ F (1, 48)=9.187, p=0.004 0.401 3.031 0.004

Motor coordination

	 Step 1 0.156 Number of
hospitalization F (1, 48)=8.849, p=0.005 0.395 2.975 0.005

Sequencing of complex motor acts

	 Step 1 0.180 Education (yrs) F (1, 48)=10.541, p=0.002 -0.424 -3.247 0.002

Other soft neurological signs§

¥Gender: 0: Women, 1: Male, §All independent variables are excluded from the stepwise regression model
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In addition, our study demonstrated impairments in 
sensory integration, the sequencing complex motor 
acts, and other NSS in patients with schizophrenia, even 
after adjusting for sociodemographic characteristics 
and other scale scores.  The fact that NSS 
weresignificantly higher in patients even if other 
variables were fixed shows that NSS are a part of the 
persistent condition of the disease. In our study, we also 
found that NSS emerged with affective changes in 
healthy controls but were not influenced by affective 
changes in the patient group. These results indicate that 
NSS can be considered as a marker in schizophrenia. 
Evidence suggest ing that  deteriorat ions in 
neurodevelopmental processes are an important risk 
factor in schizophrenia is increasing (77-81). NSS were 
independently related to obstetric complications, 
genetic liability toschizophrenia, impairment in pre-
morbid functioning, neurodevelopmental delay, and 
motor disorders (9). A study suggested a polygenic 
overlap between schizophrenia and NSS scores (82). 
Only a study that evaluated NSS in subjects without a 
family history of any mental disorders reported the 
presence of frequent silent neurodevelopmental 
deterioration in the general population and suggested 
that NSS are “possibly a weak generic rather than 
specific risk factor” (83).

Final ly,  our  study showed that  genera l 
psychopathology and lower levels of education were 
significantly correlated with NSS. In addition, lower 
levels of education were significantly associated with 
significant deterioration in the sequencing of complex 
motor acts. Unlike the general literature that suggests 
NSS are associated with negative symptoms, we found 
that general psychopathology predicts NSS. As we 
have previously discussed, this difference may be due 
to differences in variables such as age, duration of 
disease, and symptom severity in our outpatient group. 
However, most previous studies have also reported a 
negative relationship between NSS and education level 
(52,57,84). In our study, male gender was significantly 
associated with impairment in sensory integration. 
The literature suggests NSS are more common and 
more permanent in men than in women; this difference 
may be due to the timing of brain maturation and 
higher birth complications in males (85-87). An 
association was also found between the number of 
hospita l izat ions  and impairment  in  motor 
coordination. This finding may be associated with the 
duration and the severity of the disease, and it is also 
possible that neuroleptics may contribute to the 
emergence of NSS (88).

Some limitations of the present study should be 
considered while interpreting our results. First, our 
study was a cross-sectional study, and motor 
abnormalities may vary during the long-term follow-up 
of the disease. Second, the effect of the type and dose of 
antipsychotic were not clarified. In addition, the 
measurement of sleep disorders in this study was based 
solely on self-report questionnaires, without further 
objective evaluation, such as actigraphy or 
polysomnography. Finally, to date, although the NES 
has been instrumental in evaluating NSS in Turkish 
samples, psychometric properties of the Turkish version 
have not been addressed adequately.Psychometric 
features of the Turkish version should be warranted in 
further studies.

There are many studies investigating NSS in 
schizophrenia and investigating chronotypes in affective 
disorders, but our study is crucial in terms of the fact 
that the chronotype in schizophrenia is a less researched 
area and that it also evaluated NSS. We determined a 
relationship between sensory integration and sleep 
quality, yet we could not find any relationships between 
NSS and chronotype in our study. However, we did not 
have the opportunity to compare our results with 
similar studies, since we were unable to find any studies 
on this subject in the literature. Although the possible 
effect of chronotype on psychosis is not as clear as NSS, 
our data suggests a circadian disruption involvement in 
the sleep-wake phenotypes in patients with 
schizophrenia. To improve the prevention and treatment 
of related disorders, future research should demonstrate 
a mechanical connection and improve biological 
understanding by examining the possible antipsychotic 
drug effects on circadian rhythms and molecular 
processes underlying NSS in a longitudinal perspective.
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