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1 | INTRODUCTION
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Abstract

Objective: The aim of this study was to evaluate brain connectivity by diffusion
tensor imaging (DTI) in schizophrenia patients with clozapine-induced obsessive
compulsive symptoms (OCS).

Methods: Eighteen schizophrenia patients, nine of which had clozapine-induced
OCS (Clz-OCS (+)), 9 without OCS (Clz-OCS (-)) and 9 healthy controls were
included. Psychopathology was evaluated with Positive and Negative Syndrome
Scale and Yale-Brown Obsession and Compulsion Scale in the patient groups. All
groups were assesed with neurocognitive tests and DTI.

Results: Tract-Based Spatial Statistics based comparison of DTI revealed lower
fractional anisotropy in the genu of corpus callosum (CC), right cingulum, left frontal
white matter (WM) in the Clz-OCS (+) group, compared to controls. Fractional
anisotropy was found to be lower in the bilateral occipital WM and higher in the
bilateral medial temporal regions, anterior limb of internal capsule, cingulum,
frontoparietal peripheral WM, right external capsule and genu of CC in Clz-OCS (+)
patients compared to Clz-OCS (-).

Conclusions: WM integrity in several pathways such as cortico-striato-thalamo-
cortical circuitry and orbito-frontal tracts seems to be affected differently in
patients with Clz-OCS (+). Different neuroplastic effects of clozapine leading to
occurrence of OCS in a subgroup of patients is possible, and needs further evalu-

ation by longitudinal follow-up studies.

KEYWORDS
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impairment in motor (Kriiger et al, 2000; Mukhopadhaya

Obsessive compulsive symptoms (OCS) and obsessive compulsive
disorder (OCD) are common in patients with schizophrenia, with a
prevalence of 30.3% for OCS and 13.3% for OCD (Swets
et al., 2014), higher than the lifetime OCD prevalence for the general
population which is 2.3%-3% (Ruscio et al., 2010; Subramaniam
et al., 2012). Schizophrenia patients with comorbid OCS have more

et al., 2009) and cognitive functions. Worse neurocognitive perfor-
mance was demonstrated in tasks such as executive functions
(Hwang et al., 2000; Lysaker et al., 2002), visuospatial skills, delayed
non-verbal memory, impulse inhibition, and cognitive shifting (Ber-
man et al.,, 1998; Schirmbeck et al., 2011). These result in a negative
effect of accompanying OCS on the prognosis of the condition
(Schirmbeck & Zink, 2013).
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Comorbidity of schizophrenia and OCS/OCD has been
explained by a variety of factors such as a possible common neu-
robiologic basis and/or secondary effect of treatment with atypical
antipsychotics (Grillault Laroche & Gaillard, 2016). ‘De-novo’ OCS/
OCD that occur during treatment with atypical antipsychotics are
mostly reported with clozapine (Scheltema Beduin et al., 2012), but
can also be seen with olanzapine and risperidone (Ke et al., 2004;
Wu et al, 2019).

Clozapine is the prototype of atypical antipsychotics that
antagonize serotonin 5-HT2 receptors stronger than dopamin D2
receptors (Meltzer, 2013), and its high antiserotonergic effect
together with high 5HT,,/D2 occupancy ratio are considered to be
the main underlying mechanisms for induction of OCS (Kim
et al., 2019). De novo OCS rates were reported to be 20%-28%, while
overall OCS rates with preexisting OCS were reported to be 38.2%-
76% in clozapine treated patients (Fonseka et al., 2014). In a recent
study, 77.9% of clozapine using patients were reported to have OCS,
44.3% having de novo and 33.6% having preexistent OCS, higher than
the previous studies (Glrcan et al., 2021).

It is not yet fully known why clozapine-induced OCS are seen in
some patients but not others. There are inconsistent findings regarding
the influence of clinical variables such as dose and duration of clozapine
treatment, or levels of clozapine on induction of OCS. Some studies
reported a relationship between clozapine-induced OCS/OCD and the
use of high dose (Kim et al., 2020; Reznik et al., 2004), and long duration
of clozapine treatment (Lin et al., 2006; Schirmbeck et al., 2011), while
no significant correlation was found in others (Ertugrul et al., 2005;
Gurcan et al., 2021). Studies comparing demographic and clinical var-
iables such as age, sex, duration of illness between patients with
clozapine-induced OCS and those without OCS did not reveal a sig-
nificant difference (Ertugrul et al., 2005; Gurcan et al., 2021; Kim
et al., 2020), while genetic factors such as polymorphisms in SLC1A1
and GRIN2B genes, which are related to glutamate transmission, were
reported to have a possible role in clozapine induced OCS (Cai
et al., 2013; Ryu et al., 2011). Considering that clozapine is reported to
enhance L-glutamate release in the frontal cortex of rats (Tanahashi
et al., 2012), these findings suggested glutamatergic enhancement
could be one of the underlying mechanisms for OCS induction by
clozapine.

Neuroimaging studies can help to understand the pathophysi-
ological mechanisms underlying clozapine-induced OCS/OCD.
Structural and functional magnetic resonance imaging (MRI) studies
in OCD have mostly focused on the cortico-striato-thalamo-cortical
(CSTC) circuitry which is thought to play a major role in patho-
physiology of OCD (de Wit et al., 2014; Fitzgerald et al., 2011; Piras
et al., 2015). Functional imaging studies have shown increased
activation in orbitofrontal cortex, anterior cingulate cortex (ACC),
and regions of the basal ganglia (particularly caudate nucleus) in
patients with OCD compared with healthy controls (Goodman
et al., 2021). CSTC circuit activity was actually studied in patients
with atypical antipsychotic induced OCS, and stronger brain acti-

vation in the orbitofrontal cortex, the left parahippocampal gyrus

and the globus pallidus during a response inhibition task was
detected in patients receiving clozapine and olanzapine, the atypical
antipsychotics with prominent anti-serotoninergic profile, compared
to patients using amisulpride and aripiprazole (Schirmbeck
et al,, 2015). In a recent fMRI study, higher frequency and severity
of comorbid OCS and lower activation of left amygdala during an
emotional processing task was shown in clozapine or olanzapine
receiving patients when compared to amisulpride or aripiprazole
group, and functional connectivity from left amygdala to right
ventral striatum was found to be reduced. In addition, reduced
amygdala activation was associated with OCS severity. The authors
discussed the involvement of amygdala-cortico-striatal network in
occurrence of atypical antipsychotic-induced OCS (Mier
et al,, 2019).

Diffusion tensor imaging (DTI), which shows disturbances in
white matter (WM) integrity, may help to clarify underlying neural
mechanisms of clozapine-induced OCS. Although there are many DTI
studies conducted to explain the pathophysiology in OCD (Hu
et al, 2020; Zhang et al., 2021), and in schizophrenia (Ellison-
Wright & Bullmore, 2009; Vitolo et al., 2017), to our knowledge,
there is no DTI study which evaluates the possible changes in pa-
tients with clozapine-induced OCS/OCD. Previously, our group
showed that clozapine could increase fractional anisotropy (FA) in
widespread brain regions following 12 weeks of treatment suggesting
it could alter WM microstructure in patients with schizophrenia
(Ozcelik-Eroglu et al., 2014). Therefore, studying the DTI findings of
patients with clozapine induced OCS would help to show any dif-
ference specific to this group which may enlighten underlying
pathophysiology.

In this cross-sectional, exploratory study, we aimed to evaluate
the brain connectivity with Tract-Based Spatial Statistics (TBSS)
based DTI assessment in patients with clozapine induced OCS, and
compare it to those of clozapine using patients without OCS and
healthy controls. We hypothesized that WM alterations in schizo-
phrenia patients who were on clozapine treatment and had OCS
would be different than those who did not have OCS, as assessed by
FA revealed by DTI.

2 | METHODS
2.1 | Participants

This study was conducted at Hacettepe University School of Medi-
cine, Department of Psychiatry. Nine patients with schizophrenia
who developed de novo OCS after clozapine treatment (Clz-OCS (+)
group), 9 patients with schizophrenia who did not have OCS before
or after clozapine treatment (Clz-OCS (-) group) and 9 healthy
subjects matching the patient groups with regard to age, sex and
education level were included in the study. Exclusion criteria were
having OCS before clozapine treatment, alcohol or drug abuse/de-

pendency, any major medical or neurological disorder and history of
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head trauma that would affect neuroradiological assessment. The
study protocol was approved by the Hacettepe University School of
Medicine Ethics Committee (GO 161211-12) and all participants
gave informed consent.

2.2 | Procedures

Sociodemographic and clinical information was obtained from pa-
tients and their relatives during clinical interviews and from medical
records. Information regarding history of the illness and the treat-
ments (age at onset of illness, duration of illness, duration of cloza-
pine use, number of hospitalizations, reasons for clozapine initiation
etc.) including timing of the initiation of OCS was gathered from
electronic and paper records and during clinical interviews. The
Structured Clinical Interview for DSM |V (Corapcioglu et al., 1999;
First, 1997) was used to confirm diagnoses and to exclude any Axis-I
disorder in the controls. The patient groups were assessed using
Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1987;
Kostakoglu et al., 1999), Yale-Brown Obsession and Compulsion
Scale (YBOCS) (Goodman et al., 1989; Karamustafaoglu et al., 1993),
neurocognitive test battery; and DTI. The Clozapine-OCS (+) group
included patients who had been using clozapine treatment for at least
6 months, whose OCS started after clozapine treatment, and who
had a current Y-BOCS score > 16 at the time of assessment. The
Clozapine-OCS (-) group was composed of the patients who had
been using clozapine for at least 6 months, had no history of OCS,
and found to have a current Y-BOCS score <8 at the time of
assessment. The control group was assessed with neurocognitive test
battery and DTI.

2.3 | Assessment instruments

Positive and Negative Syndrome Scale is a semi-structured interview
scale with 30 items and a seven-point rating for severity of schizo-
phrenia (Kay et al., 1987; Kostakoglu et al., 1999). Of the 30 psy-
chiatric symptoms assessed by PANSS, 7 belong to the positive
syndrome subscale, 7 to the negative syndrome subscale, and the
remaining 16 to the general psychopathology subscale. This scale was
applied to the patient group to determine the severity of schizo-
phrenia symptoms.

Yale-Brown Obsession and Compulsion Scale is an interviewer-
applied scale which measures the type and severity of obsessive-
compulsive symptoms (Goodman et al, 1989; Karamustafaoglu
et al,, 1993; Tek et al., 1995). It consists of 19 items in total, but only
the first 10 items are used to determine the total score. The score for
each question ranges from O to 4.

Visual memory was assessed with Wechsler Memory Scale-
Visual Reproduction Scale 1-2 (Karakas et al, 1996; Wechs-
ler, 1987). For assessment of verbal fluency and speed of verbal
production Phonemic and Semantic Verbal Fluency Tests (Erden Aki

et al., 2013; Lezak, 1995); for attention, motor speed and mental

flexibility Trail Making Test A and B (Cangoz et al., 2009; Spreen &
Strauss, 1998); for attention and motor impulsivity Go/no-go Test
(Bezdjian et al., 2009) and for attention and working memory Digit
Span Test Part A and B were administered (Karakas et al., 1996;
Wechsler, 1987).

2.4 | Image acquisition

Imaging of the brain was performed on a 3T MRI scanner (Ingenia,
Philips) equipped with a 8-channel phased-array head coil. Imaging
protocol included DTI of the whole brain (single-shot EPI; TR/TE:
4251/99 msec, max. b factor: 1000 s/mm?3, 32 independent di-
rections, FOV: 224 mm, matrix: 128 x 128, 64 axial sections with
2 mm thickness without intersection gap, voxel size: 2 x 2 x 2 mm).
Structural 3D T1-weighted high resolution (TR/TE: 2600/306 msec;
FA: 80; FOV: 256 mm; matrix: 224 x 256; distance factor: %50)
sequence was also obtained. Additionally, axial T2W turbo spin echo
(TR/TE:5000/100 ms) series was obtained to exclude the presence of

any abnormality.

2.5 | Processing and analysis of diffusion tensor
imaging data

Tract-Based Spatial Statistics, a part of FSL, was used for multiple
comparisons of the groups (https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/
FDT/UserGuide). Fractional anisotropy maps were computed
following head motion and eddy current correction, skull stripping
and diffusion tensor fitting processes for each diffusion weighted
data. Registration and alignment of FA maps to the average space
were performed as input for TBSS, and the thinned mean FA
skeleton was computed. Then voxel-wise statistics were per-
formed using the permutation-based inference with 5000 per-
mutations. The voxel-wise comparison was controled by the
family wise error rate at a certain threshold (p < 0.05) with the
threshold free cluster enhancement. John Hopkins University
White Matter Atlas was used to recognize the tracts (Hua
et al, 2008). We used standard cluster-based thresholding cor-
rected for multiple comparisons with a t threshold of 1.5 and
obtained the contiguous clusters of supra-threshold voxels using

26-neighbour connectivity.

2.6 | Statistical analysis

Statistical analysis was performed using SPSS v.22.0 package soft-
ware for Windows. Descriptive statistics were expressed as
mean =+ standard deviation for continuous variables and as number
and percentages for categorical variables. Patient groups and con-
trols were compared using the Kruskal-Wallis and Mann-Whitney U-
test for numerical variables and the chi-square test for nominal

variables.
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Comparisons of FA values in the healthy controls versus Clz-OCS
(-); healthy controls versus Clz-OCS (+), and Clz-OCS (-) versus Clz-
OCS (+) were performed by the TBSS method.

The level of significance was taken as p < 0.05 for all tests.

3 | RESULTS
3.1 | Demographic and clinical characteristics

A total of 27 participants (18 patients with schizophrenia and 9
healthy controls), were included in the study. Nine patients with
schizophrenia were in the group who had de novo OCS after cloza-
pine treatment (Clz-OCS (+)), 9 patients were in the group who were
using clozapine and had no history of OCS (Clz-OCS (-)). The mean
age of the patients was 42.78 + 9.37 in the Clz-OCS (+) group,
4956 + 11.3 in the Clz-OCS (-) group, and 42.11 4+ 11.02 in the
control group. There were no significant differences between the
groups in terms of age, sex and years of education. The sociodemo-
graphic characteristics of the patients and controls are summarized
in Table 1.

When the clinical characteristics of Clz-OCS (+) and Clz-OCS (-)
were compared no significant differences were found between the
two groups in terms of age at onset of illness, duration of illness
(Table 2). The number of hospitalizations were significantly higher in
Clz-OCS (+) group (5.56 £ 5.00), compared to Clz-OCS (-) group
(1.44 £ 1.33) (p < 0.05). The mean clozapine dose in the Clz-OCS (+)
group was 366.67 + 119.89 mg/day and the mean duration of clo-
zapine treatment was 157.33 & 87.45 months, while the mean clo-
zapine dose in the Clz-OCS (-) group was 383.33 + 75.00 mg/day
and the mean duration of treatment was 132.00 + 33.40 months
with no significant differences between the two groups.

Eight (88.8%) patients in the Clz-OCS (+) group and 1 patient
(11.1%) in the Clz-OCS (-) group were taking antidepressant medi-
cation at the time of the study. Apart from this, drugs used in addition
to clozapine treatment for patients in the Clz-OCS (+) group were;
antipsychotics (n = 1 haloperidol, n = 1 aripiprazole, n = 1 ami-
sulpride), mood stabilizers (n = 1 topiramate, n = 1 lamotrigine),
benzodiazepine (n = 1 clonazepam), other (n = 1 hydroxyzine, n = 1
propranolol, n = 1 tetrabenazine); Clz-OCS (-) group was; antipsy-
chotic (n = 1 risperidone) and mood stabilizer (n = 1 sodium
valproate).

Comparison of the psychopathology severity assessments in the
patient groups showed that PANSS positive and general psychopa-
thology scores, YBOCS total, obsession and compulsion scores were
found to be significantly higher in the Clz-OCS (+) group compared to
Clz-OCS (-). There were no significant differences with regard to
PANSS negative and total scores in the patient groups.

When the cognitive test results of the patient groups were
compared with each other and with healthy controls, the Clz-OCS (-)
group performed significantly worse than the healthy controls at
Category Fluency-Human, Category Fluency-Alternation, Visual

Reproduction-immediate Visual Reproduction-delayed, Go/No-go

"Omission" part 1 and "Omission" total tests errors. In the Controlled
Word Association Test and Digit Span-Forward Tests, the perfor-
mance of the Clz-OCS (+) group was found to be significantly better
than the Clz-OCS (-) group (p = 0.03 and p = 0.025 respectively).
When the other cognitive test results were compared, no significant
differences were found between the three groups (Table 3).

3.2 | Comparison of fractional anisotropy values in
the schizophrenia and control groups

Schizophrenia patients with or without clozapine-induced OCS
showed significant WM alterations as compared to healthy controls.
Furthermore there were also significant differences in terms of
microstructural diffusion changes between the clozapine using
schizophrenia patients with and without OCS.

Tract-Based Spatial Statistics showed that FA values were
significantly lower in the left internal capsule of anterior limb (ALIC),
genu of corpus callosum (CC), right cingulum and left frontal WM in
the Clz-OCS (+) group than in the control group. On the other hand,
right and left hippocampus, right internal capsule posterior limb
(PLIC), left PLIC, right external capsule FA values were higher in Clz-
OCS (+) group compared to controls (Table 4, Figure 1).

When compared to control group, TBSS showed that left ALIC,
right and left forceps minor, genu of CC, right thalamus, right fornix,
right and left cingulum FA values were lower in the Clz-OCS (-)
group. However, right and left PLIC, and left thalamus FA values
were higher in Clz-OCS (-) group compared to controls (Table 5,
Figure 2).

When DTI imaging of Clz-OCS (+) and Clz-OCS (-) groups were
compared by TBSS; right and left occipital WM FA values were found
to be lower in Clz-OCS (+) group. Right and left medial temporal,
right external capsule, right and left ALIC, genu of CC, right and left
cingulum, right and left frontotemporal peripheral WM FA values
were statistically higher in Clz-OCS (+) group than in the Clz-OCS (-)
(Table 6, Figure 3).

4 | DISCUSSION

This study aimed to evaluate brain connectivity with TBSS based DTI
in patients with clozapine induced OCS, and compare it with patients
without clozapine-induced OCS and healthy controls, in order to
increase our understanding of the pathophysiology of OCS induced
by clozapine.

Previous studies reported inconsistent findings regarding the
association of demographic and clinical variables with clozapine
induced OCS (Ertugrul et al, 2005; Gircan et al, 2021; Kim
et al., 2020; Lin et al, 2006; Reznik et al., 2004; Schirmbeck
et al., 2011). Our study showed no significant differences between
clozapine-OCS (+) and clozapine-OCS (-) patients in terms of age,
education, sex, age at onset of illness, duration of illness, dose of

clozapine and duration of clozapine treatment similar to the results
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TABLE 1 Sociodemographic characteristics of patient groups and healthy controls

Clz-OCS (+) Clz-OCS (-) Control Analyses®?
mean + SD mean + SD mean + SD p Values
Age (year) 42.78 + 9.37 495 + 113 42.11 + 11.02 0.25%
Education (year) 10.78 + 2.53 8.78 + 3.80 11.11 + 3.18 0.30?
N (%) N (%) N (%)
Gender 0.85°
Male 5 (55.6) 6 (66.7) 6 (66.7)
Female 4 (44.4) 3(33.3) 3(33.3)
Marital status
Married 1(11.2) 3(33.3) 7 (77.8)
Single 7 (77.8) 4 (44.4) 2 (22.2)
Divorced 1(11.1) 2 (22.2) 0 (0)

Abbreviations: Clz-OCS, patient with obsessive compulsive symtoms; N, number; SD, standard deviation; %, percent.

#Kruskal-Wallis Test.
bChi-squared test.

TABLE 2 Clinical characteristics and comparison of positive and negative syndrome scale (PANSS), CGl severity and Yale-Brown

obsession and compulsion scale (YBOCS) scores of patient groups

Clz-OCS (+) mean + SD

Age at onset of illness 18.67 + 3.50
Duration of illness (years) 2411 + 9.07
Number of hospitalizations 5.56 + 5.00

Clozapine dose (mg/day) 366.67 + 119.89

Duration of clozapine use (months) 157.33 + 87.45

PANSS score

Total 60.67 + 14.69
Positive 14 + 4.33
Negative 15.22 + 4.08
General psychopathology 3144 + 741
YBOCS score

Total 22.33 + 2.29
Obsession 10.33 + 1.80
Compulsion 12.00 + 1.41

Clz-OCS (—) mean + SD Analyses® p
22.67 + 6.70 0.13°
26.89 + 8.82 0.48°

1.44 + 1.33 0.02°
383.33 £+ 75.00 0.73°
132.00 + 33.40 0.60°
49.11 + 12.39 p = 0.07%
8.78 + 1.09 p = 0.004°
16.89 + 7.60 p=0.73%
2344 + 4.61 p = 0.008°
044 + 1.01 p = 0.00*
0.11 + 0.33 p = 0.00*
0.33 £ 0.70 p = 0.00%

Abbreviations: Clz-OCS, patient with obsessive compulsive symtoms; CGI-S, Clinical Global Impression Scale-Severity; min, minimum; max, maximum;
PANSS, Positive and Negative Syndrome Scale; SD, standard deviation; YBOCS, Yale-Brown Obsession and Compulsion Scale.

Mann -Whitney U test.

of other studies (Ertugrul et al., 2005; Gircan et al, 2021; Kim
et al., 2020). The patients with clozapine-induced OCS/OCD who
naturally had higher YBOCS scores compared to those without OCS,
also reported higher number of hospitalizations, and had higher
PANSS positive and general psychopathology subscores. Although
clozapine is an effective treatment in patients with schizophrenia,
clozapine-induced OCS is reported to cause higher severity and

burden of disease (Schirmbeck & Zink, 2012), which is in concordance

with increased number of hospitalizations and higher scores of psy-
chopathology in clozapine-OCS (+) group in our study.

How does clozapine induce OCS in some patients while not in
others? The results of this study revealed a widespread, but differ-
ential alteration in the WM integrity of patients with clozapine
induced OCS compared to those without. Several functional neuro-
imaging studies tried to explore the pathophysiology of OCS induc-

tion by antipsychotics including clozapine, and in these studies they
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TABLE 3 Neurocognitive test results of patient groups and healthy controls

Clz-OCS (+) Clz-OCS (-) Control
mean + SD mean + SD mean + SD

Controlled word 31.00 + 10.86 17.33 £8.90 20.89 + 9.28
association test

Category fluency- 16.89 + 6.29 1489 + 541 14.67 + 3.24
animal

Category fluency- 20.33 +£7.34 1633 £ 406 23.44 + 3.04
human

Category fluency- 11.67 + 6.06  9.44 + 3.20 14.67 + 2.29
alternation

Digit span-forward 5.78 + 1.20 3.89 + 1.36 489 + 1.53

Digit span- 4.67 + 1.50 3.89 + 1.45 522 + 1.64
backward

Visual reproduction- 1244 4+ 6.00 10.33 4+ 3.12 16.89 4+ 3.33
immediate

Visual reproduction- 9.67 &+ 7.58 7.78 £ 3.42 14.33 4+ 447
delayed

Trail making test 59.00 + 23.68 74.11 + 2746 51.56 + 11.77
A-time

Trail making test 180.38 + 189.71 + 123.25 + 47.39
B-time 81.62 91.13

Go/No-go 13.11 4+ 17.83 34.56 4+ 35.78 12.33 + 33.64
‘Omission’ part 1

Go/No-go 3.22 (3.27) 411 (7.94) 0.44 (0.72)
‘Omission’ part 2

Go/No-go ‘omission’ 16.33 (20.56) 38.67 (41.14) 12.78 (34.24)
total

Go/No-go 12.67 (8.83) 7.89 (3.51) 6.67 (4.18)
‘Comission’
part 1

Go/No-go 7.00 (6.91) 7.44 (7.21) 2.67 (2.34)
‘Comission’
part 2

Go/No-go 19.67 (14.50) 15.56 (8.76) 9.33 (5.87)

‘comission’ total

Analyses?, p values

Comparison Control versus Control versus Clz-OCS (+) versus
of three groups® Clz-OCS (+)? Clz-OCS (-)? Clz-OCS (—)?
0.03 0.27 1.00 0.03

0.61

0.008 0.48 0.006 0.26

0.023 0.48 0.018 0.53

0.035 0.42 0.74 0.025

0.15

0.01 0.18 0.01 1.00

0.02 0.12 0.03 1.00

0.16

0.24

0.02 1.00 0.01 021

0.07

0.02 0.70 0.01 0.33

0.28

0.15

0.18

Abbreviations: Clz-OCS, patient with obsessive compulsive symtoms; SD, standard deviation.

2Kruskal-Wallis Test.

observed that similar brain regions with OCD were involved in the
pathophysiological processes (Mier et al., 2019; Piras et al., 2015;
Schirmbeck et al., 2015). The CSTC circuitry plays a major role in
pathophysiology of OCD, and structural and functional neuroimaging
studies in OCD have mostly focused on the circuitry which includes
the orbitofrontal cortex, cingulate cortex, striatum, thalamus and
temporolimbic regions (lateral and medial temporal cortex, amygdala,
hippocampus, parahippocampus, hypothalamus and insular cortex)
(de Wit et al., 2014; Fitzgerald et al., 2011; Gan et al., 2017; Piras
et al., 2015). There are several DTI studies which evaluated the CSTC
circuitry in OCD patients, and the findings of these studies are
inconsistent due to different methodologies and heterogeneity of

samples. Despite the inconsistency, a recent metaanalysis of TBSS
studies reported that the most consistent findings were lower FA in
the genu of CC (Hu et al., 2020; Zhang et al., 2021), and left orbi-
tofrontal WM (Hu et al., 2020) which suggested disturbances in WM
connectivity. The genu of CC connects the two hemispheres of the
frontal cortices, including the medial prefrontal cortex and the ACC,
which are the major components of CSTC circuitry (Roland
et al, 2017). In the current study, FA was found to be significantly
lower in the genu of CC, right cingulum and left frontal WM in the
group of Clz-OCS (+) compared to controls, supporting the role of
CSTC circuitry, and which may actually represent a difference caused
by combination of the effects of underlying pathophysiological
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changes due to schizophrenia, the influence of clozapine treatment,
and the existence of OCS. While the most frequently repeated
finding was lower FA in the genu of CC in patients with OCD (Hu
et al, 2020; Zhang et al., 2021), higher FA in the genu of CC were
also reported in some studies (Yoo et al., 2007; Zarei et al., 2011) and
suggested to result from a pathological neural remodelling process
that modified the tissue integrity (Yoo et al, 2007). We found a
higher FA in the genu of CC in the Clz-OCS (+) group compared to

TABLE 4 The MNI coordinates of the brain regions which are
significantly different between clozapine using patients with
obsessive compulsive symptoms (OCS) and healthy controls
according to Tract-Based Spatial Statistics (TBSS)

Regions X y z

Clz-OCS (+) FA < Control FA

Left ALIC -14 3 7
Genu CC -3 26 5
Right cingulum 10 -37 32
Left frontal white matter -38 -2 =27

Clz-OCS (+) FA > Control FA

Left hippocampus -22 -27 -18
Right hippocampus 24 -25 -19
Right PLIC 24 -18 13
Left PLIC -23 -18 13
Right external capsule 32 5 -8

Abbreviations: ALIC, anterior limb of the internal capsule; CC, corpus
callosum; Clz-OCS, patient with obsessive compulsive symtoms; FA,
Fractional Anisotrophy; PLIC, posterior limb of the internal capsule.

the Clz-OCS (-), although FA was significantly lower in the genu of
CC in the clozapine treated groups compared to the healthy controls.
Considering the previous findings, higher FA in the genu of CC in the
group of Clz-OCS (+) compared to Clz-OCS (-) may suggest another
example of differential neuronal remodelling which resulted to or
from a pathological process. Previously, we reported that FA
increased in the CC after 12-week of clozapine treatment (Ozcelik-
Eroglu et al., 2014) whereas a follow-up study reported decreased FA
in CC after 6-month of clozapine treatment (Tronchin et al., 2021),
although no significant relationship between alteration of FA and
symptoms were present in these studies. In the current study, the
mean duration of clozapine treatment is very long, and found to be
157,33 4+ 87,45 and 132,00 + 33,40 months in Clz-OCS (+) and Clz-
OCS (-) groups respectively. Although this is a cross-sectional study,
lower FA in the genu of CC in the clozapine treated groups compared
to healthy controls is consistent with result of the 6 months follow-
up study, and suggest that the increase in FA in the early phase of
clozapine treatment may not remain in the long term. As the lower
FA in the CC is usually suggested to be a biomarker in schizophrenia
(Zhao et al., 2018), and clozapine using groups in this study had lower
FA compared to controls, the finding of higher FA in CC in the group
of Clz-OCS (+) may be linked to the existence of OCS/OCD.

The other regions which play a role in the pathophysiology of
OCD include the orbitofrontal gyrus, and orbitofrontal WM tracts
such as the uncinate fasciculi (UF) and the inferior fronto-occipital
fasciculi (IFOF) (Hu et al., 2020). The UF connects the orbitofrontal
cortex with medial temporal structures such as the hippocampus and
amygdala (Zarei et al.,, 2011). The IFOF connects the ventrolateral
prefrontal cortex and medial orbitofrontal cortex to posterior pari-
etal and occipital associative cortices, these associative cortices
participate in an excessive visual attention to irrelevant details in
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FIGURE 1 Red shows decreased and blue shows increased fractional anisotropy (FA) in patients with clozopine-induced obsessive
compulsive symptoms (OCS) compared to healthy controls (FWE-corrected threshold-cluster extend voxel P maps <0.05).
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OCD (Garibotto et al., 2010). In this study, the clozapine with OCS/
OCD group had lower FA in bilateral occipital WM, which also in-
cludes fibres of the IFOF, and higher FA in bilateral frontoparietal
WM when compared to group without OCS. Higher or lower FA in
different pathways involving the orbitofrontal gyrus may suggest that
different regions play a different role in pathophysiology of clozapine

TABLE 5 The MNI coordinates of the significantly different
brain regions in comparison of clozapine using patients without
obsessive compulsive symptoms (OCS) and healthy controls by
TBSS-DTI

Regions X y z

Clz-OCS (-) FA < Control FA (red)

Left ALIC -14 3 7
Right forceps minor 16 37 1
Left forceps minor -20 37 1
Genu of CC -3 26 5
Right thalamus 14 -24 6
Right fornix 3 -10 16
Right cingulum 10 -37 32
Left cingulum -7 -36 32

Clz-OCS (=) FA > Control FA (blue)

Right PLIC 24 -18 13
Left PLIC -23 -18 13
Left thalamus -12 -24 6

Abbreviations: ALIC, anterior limb of the internal capsule; CC, corpus
callosum; Clz-OCS, patient with obsessive compulsive symtoms; FA,
Fractional Anisotrophy; PLIC, posterior limb of the internal capsule.

induced OCS/OCD. However it should be kept in mind that changes
in WM integrity may not only be a direct cause of disease or treat-
ment, but adaptive or maladaptive compensatory mechanisms may
also play role.

The findings of our study should be interpreted in caution,
because the abnormalities in the CSTC circuitry have been reported
both in patients with schizophrenia and OCD (Wang et al., 2020),
while clozapine and antidepressants have also been reported to have
effects on WM connectivity (Ozcelik-Eroglu et al., 2014; Vieira
et al,, 2021). In a study comparing the OCD patients who were drug
naive with the patients who had an ongoing drug treatment, there
was a lower FA in IFOF, UF, anterior corona radiata and forceps
minor in patients with an ongoing drug treatment, and it was argued
that lower FA in OCD could be related to the effect of drugs (Ben-
edetti et al., 2013). In the 12-week follow-up study about the effects
of clozapine on DTI, it was reported that white matter FA increased
in widespread brain regions including bilateral uncinate fasciculus,
thalamus, CC, left cingulum, ALIC of internal capsule (Ozcelik-Eroglu
et al., 2014). These findings were suggested to result from a possible
neuroplastic effect of clozapine (Critchlow et al, 2006; Ozdemir
et al., 2012) which might have changed the WM connectivity. In the
current study, the differences in FA values between Clz-OCS(+) and
Clz-OCS(-) patients may represent a different neuroplastic effect of
clozapine in a group of patients with schizophrenia leading to
occurrence of OCS.

Regarding neurocognitive test results, the performance of the
Clz-OCS(+) group was significantly better than the Clz-OCS(-) group
in the Controlled Word Association Test and Digit Span-Forward
Tests, (p = 0.03 and p = 0.025 respectively). No significant differ-
ences were found between the two groups in other cognitive tests.
Controlled Word Association Test helps assessment of attention,
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FIGURE 2 Red shows decreased and blue shows increased fractional anisotropy (FA) in patients without clozapine-induced obsessive
compulsive symptoms (OCS) compared to healthy controls. (FWE-corrected threshold-cluster extend voxel P maps <0.05).
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working memory and executive functions while digit span-forward
test is defined as a test mostly related to attention. The fact that
the performance on these tests were significantly better in the Clz-
OCS(+) group than the Clz-OCS(-) group can be interpreted as a

TABLE 6 The MNI coordinates of the brain regions which are
significantly different between clozapine using patients with and
without obsessive compulsive symptoms (OCS) according to TBSS-
DTI

Regions X y z
Clz-OCS (+) FA < ClIz-OCS (-) FA
Right occipital white matter 26 -80 9
Left occipital white matter -10 -90 9
Clz-OCS (+) FA > Clz-OCS (-) FA

Right medial temporal 62 -24 12
Left medial temporal -58 -8 20
Right external capsule 32 5 -8
Right ALIC 15 3 7
Left PLIC -14 3 7
Genu of CC 11 31 0
Right cingulum 10 -37 32
Left cingulum -7 -36 32

Right frontoparietal peripheral white matter -20 -16 36
Left frontoparietal peripheral white matter 21 -18 36

Abbreviations: ALIC, anterior limb of the internal capsule; CC, corpus
callosum; Clz-OCS, patient with obsessive compulsive symtoms; FA,
Fractional Anisotrophy; PLIC, posterior limb of the internal capsul

better attention in the group with OCS, similar to the studies which
showed that patients with comorbid OCS/OCD performed better
than those without comorbid OCS/OCD on attention domain in pa-
tients with schizophrenia (Borkowska et al., 2003; Lee et al., 2009),
although this finding was not confirmed in others (Kazhungil
et al,, 2017; Sahoo et al., 2018).

Two different hypotheses have been proposed regarding the
increased attentional tendency in OCD. According to the vigilance
hypothesis, it is suggested that OCD patients are hypersensitive to
obsession-related stimuli and the perception threshold is lowered to
identify and address OCD-related stimuli (Armstrong & Ola-
tunji, 2012). In contrast, the delayed withdrawal/maintenance hy-
pothesis suggests that these patients do not have an enhanced
hypervigilance towards OCD stimuli; rather, patients with OCS have
problems with getting rid of the stimuli or stay fixed in the stimulus
while transitioning to later processing stages (Georgiou et al., 2005).
Better attention-related performance in the clozapine group with
obsessive-compulsive symptoms, compared to the group without
accompanying OCS, may be explained by either of these hypothesis.
On the other hand, a review which analysed the results of 113
studies with more than 3000 OCD patients showed that OCD pa-
tients performed lower in almost every cognitive domain compared
to healthy controls (Abramovitch et al., 2013). Two other meta-
analyses performed by Shin et al. (2014) and Snyder et al. (2015)
which had included 23 studies and 32 studies, respectively, and
evaluated different cognitive abilities, confirmed this observation.

An important limitation of this study was the lack of correlation
analysis between FA values and neurocognitive test results/YBOCS
scores as the FA values could not be calculated for each individual by
the TBSS method which is an automated groupwise observer-

independent whole-brain approach that analyses aligned FA images
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FIGURE 3 Red shows decreased and blue shows increased fractional anisotropy (FA) in patients with clozopine-induced obsessive
compulsive symptoms (OCS) compared to patients without symptoms. (FWE-corrected threshold-cluster extend voxel P maps <0.05).
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from multiple subjects to allow statistically powerful comparisons of
DTI without the need for subjectively defined regions or features of
interest (Smith et al., 2006). Another limitation is the small number
of patients. In spite of these, we may speculate that the better per-
formance on attention in clozapine with OCS/OCD group may be
related to changes of FA in orbitofrontal gyrus. This speculation
should be tested in future studies with larger samples. Heterogenity
of the sample and the possible effects of various psychotropics were
the other limitations when discussing the results.

As a conclusion, this is the first study which evaluated and re-
ported differences in the brain connectivity with TBSS based DTI
assessment in patients with clozapine induced OCS/OCD. The find-
ings of this study may shed light on the pathophysiology of clozapine-
induced OCS/OCD, however what causes this different alterations in
connectivity in clozapine using patients needs further investigation.
Large scale, prospective follow-up studies which include data on
genetic differences may help to understand why clozapine induced

OCS are seen in some patients but not in others.
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