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Obsessive-compulsive disorder (OCD) presented with repetitive obsessions and/or compulsions were associated
with disrupted resting-state functional connectivity (rs-FC). To investigate the pharmacological treatment effect
on rs-FC changes in OCD patients we conducted the seed-to-voxel FC analyses using dorsal attention network
(DAN), default mode network (DMN), salience network (SN) and frontoparietal network (FPN) and basal ganglia
seeds. Twenty-two healthy subjects and twenty-four unmedicated OCD patients underwent resting-state func-
tional magnetic resonance imaging. Patients were rescanned after 12 weeks of escitalopram treatment. We found
increased FC both within the DAN and between the DAN and the FPN which was ameliorated after medication
and correlated significantly with the clinical improvement in obsession scores. We also observed an anti-
correlation between the left caudate and the supplementary motor area in unmedicated OCD patients which also
normalized with treatment. Results further showed treatment related normalization of orbitofrontal cortex
hyperconnectivity with DMN and hypoconnectivity with DAN whereas aberrant FC between the SN and visual
areas appears to be a medication effect. We suggest that DAN to FPN hyperconnectivity which is positively
correlated with clinical improvement in obsession scores at pre-treatment stage in present study has a potential

for being a neuroimaging marker to predict the treatment response in OCD.

1. Introduction

Obsessive-compulsive disorder (OCD) is a generally chronic disease
that can significantly affect the functionality of the person, with repet-
itive obsessions and/or compulsions (Abramowitz et al., 2009). Studies
about brain regions associated with OCD have been conducted with
various neuroimaging methods, especially the fMRI, which provides the
opportunity to examine the functional connectivity and task-related
activity changes. Numerous functional neuroimaging studies have
revealed that dysfunction in the frontal subcortical circuits plays a role
in the pathogenesis of OCD (Saxena et al., 1998; Hou et al., 2012, 2014).
The orbito-fronto-subcortical circuit proposed by Saxena et al. (1998)
has been accepted as a basic model in the neurobiology of OCD. In this
model, the existence of an orbitofrontal loop consisting of projections
starting from the orbitofrontal cortex (OFC) to the caudate nucleus and
ventral striatum, then to the dorsomedial thalamus via internal pallidus
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and back to the OFC from the thalamus was asserted. Subsequent
research has claimed that the underlying pathology of the disease is not
limited to orbitofronto-striatal regions and associated limbic structures,
but also involves abnormalities in additional brain areas, particularly
more lateral frontal and parietal regions which may be considered as
dorsolateral prefronto-striatal circuit (Menzies et al., 2008). Addition-
ally, many fMRI studies have reported activity changes in the OFC,
anterior cingulate cortex (ACC), subcortical areas (Hou et al., 2012; Fan
et al.,, 2017; Ping et al., 2013) and also temporal cortex (Yang et al.,
2019), parietal cortex (Xu et al., 2019) and occipital cortex (Chen et al.,
2016; Tian et al., 2016).

Many studies using resting-state data exhibited abnormal functional
connectivity within and between the default mode network (DMN),
salience network (SN), and frontoparietal network (FPN) (Stern et al.,
2012; Chen et al., 2018; Fan et al., 2017). Giirsel et al. (2018) conducted
a meta-analysis of resting-state networks in OCD, in which impaired
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connectivity between the DMN, SN and FPN was reported. DMN is
involved in reflective and introspective self-referring processes, while
FPN plays a crucial role in action planning and response inhibition. SN is
associated with regulating external and internal salient information
(Cui et al., 2020). Abnormal functional connectivity both within and
between the FPN, SN and DMN, which is named the “triple network”
model (Menon, 2011), provides important insight about the patho-
physiology of OCD (Giirsel et al., 2018). In this model, the SN is involved
in both filtering and detecting the salient information interfering with
the FPN and DMN functions. In other words, SN plays an important role
in switching the activities of the DMN (Chen et al., 2018) and FPN
(Giirsel et al., 2020).

Selective serotonin reuptake inhibitors (SSRIs) and cognitive-
behavioral therapy (CBT) are the first-line treatment options for OCD.
Few functional neuroimaging studies on the potential neurobiological
mechanisms and predictors of response to CBT in OCD have provided
results associated with either fronto-striatal circuitry or with ICNs (Yang
et al., 2015; Moody et al., 2017; Li et al., 2018; Reggente et al., 2018).
Yang et al. (2015) showed decreased regional homogeneity (ReHo) in
the bilateral middle frontal cortex, right OFC, and increased ReHo in the
left caudate along with the clinical improvement after CBT. Li et al.
(2018) reported that CBT normalized the aberrant resting-state func-
tional connectivity (rs-FC) between the right OFC and left dorsolateral
prefrontal cortex. Reggente et al. (2018) showed that rs-FC within the
DMN and visual network predicted OCD symptom severity after CBT.

Similarly, neuroimaging studies on the SSRI effects in OCD have
reported either regulation of the increased connectivity in the orbito-
fronto-striatal circuit by antidepressant medication through the reduc-
tion of the local ventral striatal connectivity (Beucke et al., 2013), or
treatment-related changes in large-scale connectivity networks (Shin
et al., 2014b). The authors reported reduced small-world efficiency and
functional association between the DMN and FPN in OCD, while the
elevation of the small-world efficiency, modular organization, and
connectivity degree accompanied clinical improvement after 16 weeks
of SSRI treatment.

Although there is a growing literature focusing on the “triple
network” model in the pathogenesis of OCD, current literature indicates
that other networks are also in play. For example, the dorsal attention
network (DAN), used as seed only in a few resting-state fMRI (rs-fMRI)
studies, draws attention by showing aberrant connectivity in OCD
(Brennan et al., 2019).

Our study, adding the large-scale ICNs to the conventional fronto-
striatal circuitry, investigated rs-FC changes in adult OCD patients and
the effects of medication (escitalopram) on them with a seed-based
approach, where the seed regions include basal ganglia as core struc-
tures of the fronto-striatal circuit as well as the main nodes of the FPN,
DMN and SN of the triple network model. Additionally, main nodes of
the DAN, recently shown to be associated with the obsession severity
(Lee et al., 2020), were also included in the analyses. By computing the
seed-to-voxel connectivities between these regions and all brain voxels,
we assume that a comprehensive view of the pathophysiological changes
within and between the related circuits or networks can be obtained.
Strict inclusion criteria, recruitment of unmedicated patients with no
comorbidity and detailed comparison of the pre- and post-treatment
findings further helped in obtaining a more complete view of the
neurobiology and pathogenesis of OCD.

2. Methods
2.1. Participants

24 unmedicated OCD patients without any psychiatric comorbidity
and 22 healthy controls (HCs) with similar mean age, education level
and gender distribution participated in the study. One OCD patient and
two HCs were excluded from the study due to poor data quality. Addi-
tionally, two patients couldn’t participate in the second fMRI session
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after three months pharmacological treatment and were excluded from
the study. Hence, the final cohort for rs-fMRI analyses consisted of 21
OCD patients and 20 HCs.

All subjects gave their informed consent before participating in the
study. The local ethics panel of the Istanbul University, Istanbul Faculty
of Medicine approved the study (IRB20141946).

Inclusion criteria for OCD group were, (1) being diagnosed with OCD
by Structured Clinical Interview for DSM-IV/Clinical Version (SCID-1/
CV), (2) having Yale-Brown Obsessive-Compulsive Scale (Y-BOCS) total
score of 16 or higher, (3) aged between 18 and 50, (4) taking no psy-
chotropic medication for the last 6 weeks (8 weeks for fluoxetine).
Exclusion criteria for OCD group were, (1) diagnosis of another psy-
chiatric disorder from OCD with SCID-I/CV and (2) having a history of
another medical disease. Exclusion criteria for HC group were, (1) being
diagnosed with any psychiatric disorder according to DSM-IV criteria,
(2) using any psychotropic medication, (3) presence of any psychiatric
disorder in first-degree relatives. Other exclusion criteria for both groups
were, (1) having an acute or chronic physical disease, (2) presence of a
neurological disorder such as seizure, central nervous system infection,
cerebrovascular disease, head trauma history requiring more than 30
min of unconsciousness or hospitalization, (3) having a history of
alcohol or substance abuse / addiction and (4) pregnancy or lactation.

2.2. Clinical assessment

All patients underwent the Hamilton Anxiety Rating Scale (HAM-A),
Hamilton Depression Rating Scale (HAM-D), Quality of Life Enjoyment
and Satisfaction Questionnaire (Q-LES-Q), SCID-I/CV, Clinical Global
Impression Scale (CGI), Sheehan Disability Scale (SDS), Y-BOCS and
Overvalued Ideas Scale (OVIS). These scales have been applied before
and after three months pharmacological treatment. HAM-A, HAM-D and
Q-LES-Q have also been applied to the HCs.

2.3. Pharmacological treatment

The patient group (9 were medication-naive) consisted of OCD pa-
tients who were unmedicated for at least 6 weeks (8 weeks for fluoxe-
tine). All of the patients reported that they had not received cognitive
behavioral therapy or psychodynamic psychotherapy before. After the
clinical scales were applied, fMRI recordings were obtained, and esci-
talopram 10 mg/day was prescribed to the patients. Clinical interviews
were conducted with patients at the second and sixth weeks of their
treatment to closely monitor and encourage adherence to treatment.
Escitalopram treatment was increased to 20 mg/day in the second week
of the treatment and to 30 mg/day in the sixth week of treatment.
Clinical scales and fMRI scans were reapplied at the 12th week of
treatment.

2.4. MRI data acquisition

All MRI scans were acquired on a 3T scanner (Philips Achieva, Phi-
lips Medical Systems, The Netherlands) equipped with a SENSE 32
channel head coil. High-resolution 3D T1-weighted MR images were
collected using a Turbo Field Echo (TFE) sequence with 250 x 250 mm
field of view (FOV), 160 axial slices, 1 mm slice thickness (without gap),
TR/TE=7.7/3.8 ms, acquisition matrix 252 x 209. rs-fMRI data were
obtained using an EPI sequence with the repetition time (TR)=2000 ms,
echo time (TE)=30 ms, flip angle=90°, FOV=224 x 240 mm, acquisi-
tion matrix size=112 x 117, voxel size=2 x 2 x 4 mm> in-plane reso-
lution. Following 10 dummy volumes, 212 vol were acquired each
containing 36 axial slices to cover the whole brain. During rs-fMRI, all
participants were instructed to remain awake and lie in a relaxed posi-
tion with closed eyes, and not focus on anything in particular.
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2.5. MRI data preprocessing

The MRI data preprocessing was performed using Statistical Para-
metric Mapping version 12 (http://www.fil.ion.ucl.ac.uk/spm/) pre-
processing steps as included in the CONN functional connectivity
toolbox version 18.b (https://www.nitrc.org/projects/conn) (Whitfield-
Gabrieli and Nieto-Castanon 2012). First, in order to adjust the head
motions, functional images were realigned to the first image. Minimum
movement and rotation thresholds to be included in the analyses were
determined as less than +3 mm translation in the x, y, or z directions
and less than +3° rotation in each axis respectively. One healthy subject
and one OCD patient were excluded from the rs-fMRI analyses due to
larger head motions. Additionally, the artifact detection tool was used
for the identification of outlier scans for scrubbing. The global-signal z-
value threshold for signal intensity outliers was set at 5 standard de-
viations greater than or less than the mean and the threshold value for
difference in composite motion was set as 0.9 mm. One healthy subject
with outlier volumes more than 20 % (>43) of the total number of
functional volumes (212) was excluded from further analysis. After-
wards, functional and structural data were coregistered. The anatomic
data was segmented into white matter (WM), gray matter (GM), and
cerebrospinal fluid (CSF), and normalized to the Montreal Neurological
Institute (MNI) standard space. Subsequently, spatial normalization into
MNI space was carried out for the realigned functional images using the
resulting transformation matrix and resampling of the data to 2 mm?
voxels. Finally, spatial smoothing was applied to the normalized func-
tional images using an 8 mm full width half maximum Gaussian kernel.

2.6. Functional connectivity analyses

Seed to voxel functional connectivity analyses were performed using
the CONN toolbox (Whitfield-Gabrieli and Nieto-Castanon 2012). Dur-
ing the denoising step, we utilized the default CONN preprocessing
pipeline to eliminate undesirable motion, physiological, and other
artifactual effects from the BOLD signal before calculating connectivity
measures (Nieto-Castanon, 2020). The CONN toolbox applies the
component-based noise correction method (CompCor), which uses the
participant-specific eroded WM and CSF anatomic masks and applies
principal component analysis (PCA) on the BOLD signals of the voxels
within these masks in order to estimate the nuisance confounds (Chai
et al., 2012). These nuisance confounds included 5 components from the
WM and 5 components from the CSF. Additionally, 12 estimated
participant-motion parameters (6 parameters from realignment and
their first-order temporal derivatives), participant-specific outlier scans
(identified through scrubbing), and the effect of session and its
first-order derivative convolved with the canonical hemodynamic
response function were regressed out from the data, while we preferred
not to implement a global signal regression. Finally, linear detrending
and temporal band-pass filtering (0.01-0.1 Hz) was applied on each run
individually prior to functional connectivity analyses.

A total of 19 seeds were used for functional connectivity analyses.
The CONN toolbox offers a set of 32 HCP-ICA network seeds derived
from the ICA analysis on the Human Connectome Project (HCP) dataset
(Nieto-Castanon and Whitfield-Gabrieli, 2020). 15 seeds corresponding
to the major nodes of the 4 cognitive networks according to this scheme
were included in our analyses: medial prefrontal cortex (MPFC) and
posterior cingulate cortex (PCC) seeds for DMN, ACC, left and right
anterior insulae (AI) and supramarginal gyri (SMG) for SN, left and right
frontal eye fields (FEF) and intraparietal sulci (IPS) for DAN and left and
right lateral prefrontal cortices (LPFC) and posterior parietal cortices
(PPC) for FPN. Important nodes of the basal ganglia network corre-
sponding to left and right caudate and putamen according to the FSL
Harvard-Oxford Atlas were also included in the analyses.

Subject level FC analysis was performed by calculating the bivariate
correlation coefficients between the average time courses for each seed
with the time courses of all other voxels in the brain. Second level
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analyses were performed on Fisher’s z-transformed correlation co-
efficients. FC differences at rest were investigated between unmedicated
OCD patients and HCs by independent-samples t-tests. Secondly, treat-
ment effect was investigated by comparing the pre- and post-medication
data of the OCD patients by paired-samples t-tests. To elaborate the ef-
fect of medication on the FCs, we also compared the medicated OCD and
HC groups for the seeds that significantly changed their connectivity
patterns between medicated and unmedicated states of the patients. The
voxel-based FC results were thresholded using an initial cluster-forming
height threshold set at p<0.001 (uncorrected) followed by a FWE-
corrected p<0.05 cluster-level threshold. Significance threshold was
also adjusted for multiple comparisons (i.e., number of seeds; prwe-
corr<0.0026; 0.05/19).

2.7. Correlations of the functional connectivities with clinical
improvement

The correlation analysis between the clinical scores and the FC
findings were limited to those seeds which displayed a significant dif-
ference between the unmedicated patients and HCs and showed a
change towards normal values after medication. In order to estimate any
predictive value of the FC on clinical improvement, the baseline FC
values of these specific areas in the pre-treatment group were tested for
correlations with the percent change of the Y-BOCS scores due to
treatment, which assess the severity of obsessions and compulsions.

For this purpose, percentage of the clinical improvement was
calculated as the change in symptom severity after treatment according
to baseline obsession and compulsion scores of the Y-BOCS. Using the
ROI extraction tool (REX), the baseline (pre-treatment) connectivity
values within particular ROIs were extracted for each individual OCD
patient. Spearman’s correlation coefficients were calculated between
the average connectivity values of these ROIs in the pretreatment data
and percentage of the clinical improvement. Statistical results were
Bonferroni corrected for the number of ROIs and clinical scores tested.

2.8. (linical data analyses

Statistical analysis was performed using SPSS software (IBM SPSS
Statistics for Windows, Version 24.0). For between-group analysis, i.e.,
HC vs OCD patients at baseline, Mann-Whitney U test was used as the
data was not normally distributed. For within-group analysis, i.e., the
baseline vs follow-up comparisons of the OCD patients, paired sample t-
test and Wilcoxon signed-ranks test was used for the normal and non-
normally distributed data.

3. Results
3.1. Demographics and clinical data

There was no significant difference between two groups in terms of
age, years of education and gender (all p values > 0.05) (Table 1).

Table 1
Demographics of the participants included in the rs-FC analysis.
HC (n = 20) OCD (n = 21) test P
Age (Mean =+ SD, 26.75 +£7.39 28.48 + 8.51 (18 t= 0.493
min—max) (18 — 42) —43) 0.692
Years of education 12.7 £ 3.4 (5 — 12.67 +3.93 (5 t= 0.977
18) - 18) 0.029
Gender (Female/ 13/7 15/6 P = 0.744
Male) 0.658
Inter-scan-interval — 93.38 +13.19 — —
(days) (84 — 141)

HC: healthy control, OCD: obsessive-compulsive disorder, SD: standard
deviation.
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3.2. Treatment response

OCD patients displayed significant clinical improvement compared
with their baseline assessments after 12 weeks of treatment (Table 2).
Significant reductions in the symptom severity for obsession, compul-
sion and HAM-A scores were observed at follow-up, with a general
improvement in functioning (all p values<0.05) (For details, please see
Table 2).

3.3. Functional connectivity findings

Seed-to-voxel FC analyses conducted on the rs-fMRI data with 19
seeds revealed significant differences between the unmedicated OCD
patients and HCs for 2 of the seeds which were left FEF of the DAN and
left caudate. When we compared the pre- and post-medication OCD
patients, treatment effects were obtained for the right IPS of the DAN,
the MPFC seed of the DMN, the ACC and right SMG seeds of the SN, in
addition to the aforementioned seeds above. The FC maps of these seeds
are shown in Fig. 1 separately for the HCs, the unmedicated and medi-
cated OCD patients. Finally, all 6 seeds affected by the medication were
compared between medicated OCD patients and the HCs, which
revealed no significant FC difference for any of the seeds. The significant
results are summarized in Tables 3 and 4.

No statistically significant results were obtained for the PCC, left and
right AL left SMG, right FEF, left IPS, left and right LPFC and PPC, right
caudate and left and right putamen seeds, neither between unmedicated
OCD patients and healthy controls nor between the pre- and post-
medication OCD patients.

3.3.1. Altered functional connectivity of FEF and the effect of treatment

In unmedicated OCD patients, left FEF showed significant connec-
tivity increases with two clusters compared to HCs; the left (ppwe-
corr=0.0005) and the right IPL (ppwEg-corr=0.0009) (Table 3 and Fig. 2A).
The increased connectivity of the left FEF with the right IPL in OCD
patients showed a significant reduction after the treatment (Dpwg-corr =
0.000001) (Table 4 and Fig. 2B), while its FC with the left IPL also
tended towards the values observed in the HC group, although its
reduction relative to the premedication was not significant (Fig. 2A). In
any case, final comparison of the medicated OCD patients with HC did
not reveal significant differences regarding the connectivity of the left
FEF neither with the right nor with the left IPL. The correspondence of
the right and left IPL clusters resulting from comparisons between both
the HC vs unmedicated OCD groups and unmedicated vs medicated OCD
groups were visualized by overlapping these areas with the closely
located posterior nodes of the DAN and FPN networks (Fig. 3), which
indicated that they overlapped with both networks.

Table 2
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3.3.2. Altered functional connectivity of the left caudate and the effect of
treatment

The left caudate’s correlations with a cluster corresponding to
bilateral supplementary motor areas (SMA) displayed a significant
change to negative values in the unmedicated OCD patients compared to
HCs (PFwE-corr=0.0025) (Table 3 and Fig. 4A). This difference was not
present in the comparison between the medicated OCD patients and
HCs, but the treatment introduced a significantly increased anti-
correlation with a cluster corresponding to the left superior occipital
cortex (SOC) and cuneus (Prwg-corr=0.0007) (Table 4 and Fig. 4B). This
medication-related connectivity change introduced no significant dif-
ference between the medicated OCD patients and HCs, since the HCs
also displayed a weak anticorrelation between the caudate nucleus and
these occipital areas.

3.3.3. Effect of treatment on functional connectivity of other seed regions
than those affected in unmedicated OCD patients

Although there was no difference for the DMN and SN seeds between
unmedicated OCD patients and HCs, the treatment resulted in significant
FC changes of the MPFC seed of DMN, the ACC and right SMG seeds of
SN, and the right IPS seed of the DAN.

After treatment, MPFC showed a significant hypoconnectivity with
two clusters corresponding to the left and right orbitofrontal cortices
(OFC)  (PFWE-corr=0.00008 and prwg-corr=0.0013, respectively).
Although there was no significant connectivity difference for this seed
between unmedicated OCD patients and HCs, the bar graph reflects that
this treatment effect is associated with the reduction of the increased
connectivity in the OCD patients towards normal values (Fig. 5).

The treatment also introduced a significant hypoconnectivity of the
right SMG with a cluster corresponding to the bilateral thalami (ppwE-
corr=0.001) (Table 4 and Fig. 6). Similar to the previous treatment result,
the right SMG did not reveal any significant connectivity difference
between the HCs and unmedicated OCD patients. However, the medi-
cation effect in this area seems to stem from a reduction of the increased
connectivity between right SMG and thalamus in OCD towards normal
values (Fig. 6, bar graph), which is supported by the absence of any
connectivity difference between the HC and the medicated OCD patients
for these areas.

Another treatment effect was increased right IPS connectivity with
the right OFC (PpwE-corr=0.0012) (Table 4, Fig. 7), although not signif-
icant in unmedicated OCD patients compared with the HC (Fig. 7, bar
graph). The absence of any significant difference for this seed in the HC
vs medicated OCD comparison points also to an ameliorating effect of
the medication for this connectivity.

Finally, ACC displayed no evident connectivity with the bilateral
cunei in neither the HC group nor in the unmedicated OCD patients, but

Clinical characteristics of the patients. Comparisons of the scales between HC and unmedicated patients and between medicated and unmedicated patients.

HC (n = 20) OCD-premed (n = 21) OCD-postmed (n = 21) HC vs OCD-premed OCD-postmed vs OCD-premed

Mean + SD (min — max) test p test p
Disease Duration (yrs) — 5.31 + 6.48 (0.5 — 30) —
HAM-A 3.35+218(0-9) 12.76 + 5.58 (5 — 26) 5.29 + 3.41 (1 — 15) U=11.5 <0.001 Z =3.984 <0.001
HAM-D 19+1.29(0-4) 10.52 +5.18 (2-19) 3.62 +2.09 (0-8) U=155 <0.001 Z =4.021 <0.001
Q-LES-Q 51.65 + 3.6 (44 — 57) 40.57 + 8.03 (23 - 52) 52.81 + 6.54 (41 - 70) U=29 <0.001 Z = 4.017 <0.001
Y-BOCS Obsession - 14.62 + 2.13 (10 — 18) 7.57+3.92 (1 — 16) t=9.383 <0.001
Y-BOCS Compulsion - 14.38 +2.29 (10 — 19) 8.48 +3.87 (2 — 16) t =9.455 <0.001
Y-BOCS Total - 29 + 3.56 (23 — 37) 16.05 + 7.49 (3 — 32) t=10.309 <0.001
OVIS - 3.49 + 0.87 (2-5.4) 2.88 £0.74 (1.8 - 4.5) Z =3.927 <0.001
SDS Work - 6+1.97(3-9) 2.86 + 1.77 (0 - 6) Z = 3.952 <0.001
SDS Social life - 6+192(2-9) 243 +£1.6 (0-5) Z = 4.055 <0.001
SDS Home — 5.57 +2.16 (0-9) 2.57 £1.78 (0-7) Z =3.933 <0.001
CGI Severity — 4.67 +0.58 (4 -6) —

CGI Improvement

224+0.89(1-4

CGL: Clinical Global Impression Scale, HAM-A: Hamilton Anxiety Rating Scale, HAM-D: Hamilton Depression Rating Scale, OVIS: Overvalued Ideas Scale, Q-LES-Q:
Quality of Life Enjoyment and Satisfaction Questionnaire, SDS: Sheehan Disability Scale, Y-BOCS: The Yale-Brown Obsessive Compulsive Scale. OCD-premed: un-
medicated OCD patients, OCD-postmed: OCD patients after treatment, HC: healthy control.
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Fig. 1. Functional connectivity maps for the DAN, left caudate, DMN and SN of the HCs, and OCD patients at premedication and postmedication. DAN FC maps
obtained separately by using the left FEF and right IPS seeds. DMN FC maps obtained by using the MPFC seed. SN FC maps obtained by using the ACC and right SMG
seeds. Typical DAN and SN obtained using MPFC seed and ACC and right SMG seeds are shown.

AAC: anterior cingulate cortex, DAN: dorsal attention network, FPN: frontoparietal network, HC: healthy control, IPS: intraparietal sulcus, MPFC: medial prefrontal
cortex, OCD-premed: unmedicated OCD patients, OCD-postmed: OCD patients after treatment, PPC: posterior parietal cortex, SMG: supramarginal gyrus, SN: salience
network. L: left, R: right.

Table 3
Seed-to-voxel FC results of comparisons between OCD-premed and HCs (cluster forming threshold of p<0.001 uncorrected combined with cluster level threshold prwg-
corr < 0.0026).

Seed Region Regions showing connectivity changes Group Contrast Cluster Size Peak coordinates (x y z) Tmax PFWE-corr

DAN - L FEF L IPL OCD-premed > HC 514 —48 —28 32 5.14 0.0005
R IPL 474 58 —26 52 4.85 0.0009

L Caudate Bilateral SMA OCD-premed < HC* 383 10 —4 58 5.19 0.0025

" indicates increased anticorrelation
DAN: dorsal attention network, FEF: frontal eye field, IPL: inferior parietal lobule, SMA: supplementary motor area, OCD-premed: unmedicated OCD patients, HC:
healthy control, L: left, R: right.

Table 4
Seed-to-voxel FC results of comparisons among OCD-premed and OCD-postmed (cluster forming threshold of p<0.001 uncorrected combined with cluster level
threshold prwE.corr < 0.0026).

Seed Region Regions showing connectivity changes Group Contrast Cluster Size Peak coordinates (x y z) Timax DPFWE-corr

DAN - L FEF R IPL OCD-postmed < OCD-premed 758 58 —22 54 6.95 0.000001

DAN - R IPS R OFC OCD-postmed > OCD-premed 353 50 32 -20 5.48 0.0012

L Caudate L SOC and Cuneus OCD-postmed < OCD-premed® 347 —18 —100 22 4.68 0.0007

DMN - MPFC L OFC OCD-postmed < OCD-premed 515 —2242 -20 5.96 0.00008
R OFC 350 24 46 —22 5.07 0.0013

SN - R SMG Bilateral thalami OCD-postmed < OCD-premed 352 -6 —-18 -2 6.26 0.001

SN - ACC Bilateral Cunei OCD-postmed < OCD-premed* 395 6 —88 28 5.40 0.0005

* . . . . .
indicates increased anticorrelation

ACC: anterior cingulate cortex, DAN: dorsal attention network, DMN: default mode network, FEF: frontal eye field, IPL: inferior parietal lobule, IPS: intraparietal
sulcus, MPFC: medial prefrontal cortex, OFC: orbitofrontal cortex, SMG: supramarginal gyrus, SN: salience network, SOC: superior occipital cortex. OCD-premed:
unmedicated OCD patients, OCD-postmed: OCD patients after treatment, L: left, R: right.
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Fig. 2. Functional connectivity differences for the left FEF seed probing the DAN. A) Hyperconnectivity with bilateral IPL in OCD-premed compared to HCs. B)
Hypoconnectivity with right IPL in OCD-postmed compared to OCD-premed (cluster forming threshold uncorrected p < 0.001, cluster-level prwg.corr < 0.0026). Bar
graphs depicting the correlation values for HC, OCD-premed and OCD-postmed.

DAN: dorsal attention network, FEF: frontal eye field, OCD-premed: unmedicated OCD patients, OCD-postmed: OCD patients after treatment, HC: healthy control. L:
left, R: right.

OCD-premed > HC
OCD-postmed < OCD-premed

@ DANIPS
@ rPnPPC
@® snsvG

Fig. 3. Right and left IPL regions resulting from the unmedicated OCD > HC (red) and medicated OCD < unmedicated OCD (dark blue) comparisons were
superimposed on the sagittal and axial T1-weighted MNI-152 template image. Green, yellow and pink colors indicate the DAN-IPS, FPN-PPC and SN-SMG nodes of
the CONN toolbox, respectively. Significant clusters superimposed on these nodes show that they were highly overlapping both with the DAN-IPS and FPN-PPC
nodes, but not with the SN-SMG node.

DAN IPS: intraparietal sulcus seed of the dorsal attention network, FPN PPC: posterior parietal cortex seed of the frontoparietal network, HC: healthy control, OCD-
premed: unmedicated OCD patients, OCD-postmed: OCD patients after treatment, SN SMG: supramarginal gyrus seed of the salience network, L: left, R: right.
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Fig. 4. Functional connectivity differences for the left caudate seed. A) Increased anticorrelation with bilateral SMA in OCD-premed compared to HCs. B) Increased
anticorrelation with left SOC and cuneus in OCD-postmed compared to OCD-premed (cluster forming threshold uncorrected p < 0.001, cluster-level prwg.-corr <
0.0026). Bar graphs depicting the correlation values for HC, OCD-premed and OCD-postmed.

SMA: supplementary motor area, SOC: superior occipital cortex, OCD-premed: unmedicated OCD patients, OCD-postmed: OCD patients after treatment, HC: healthy
control, L: left, R: right.

OCD-postmed < OCD-premed

L
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Fig. 5. Functional connectivity differences for the MPFC seed probing the DMN. Hypoconnectivity with two clusters corresponding to the left and right OFC in OCD-
postmed compared to OCD-premed (cluster forming threshold uncorrected p < 0.001, cluster-level ppwg.corr < 0.0026). Bar graphs depicting the correlation values for
HC, OCD-premed and OCD-postmed.

DMN: default mode network, MPFC: medial prefrontal cortex, OFC: orbitofrontal cortex, OCD-premed: unmedicated OCD patients, OCD-postmed: OCD patients after
treatment, HC: healthy control, L: left, R: right.

OCD-postmed < OCD-premed SN Right SMG - Bilateral Thalami

functional connectivity

EHC(N=20) MBOCD-premed(N=21) @OCD-postmed (N=21)

Fig. 6. Functional connectivity differences for the right SMG seed probing the SN. Hypoconnectivity with bilateral thalami in OCD-postmed compared to OCD-
premed (cluster forming threshold uncorrected p < 0.001, cluster-level ppwg.corr < 0.0026). Bar graphs depicting the correlation values for HC, OCD-premed and
OCD-postmed.

SN: salience network, SMG: supramarginal gyrus, OCD-premed: unmedicated OCD patients, OCD-postmed: OCD patients after treatment, HC: healthy control, L: left,
R: right.
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OCD-postmed > OCD-premed

Fig. 7. Functional connectivity differences for the right IPS seed probing the DAN.
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DAN Right IPS - Right OFC
functional connectivity

OHC(N=20) @OCD-premed (N=21) @ 0OCD-postmed (N=21)

Hyperconnectivity with right OFC in OCD-postmed compared to OCD-premed

(cluster forming threshold uncorrected p < 0.001, cluster-level prwg.corr < 0.0026). Bar graphs depicting the correlation values for HC, OCD-premed and OCD-

postmed.

DAN: dorsal attention network, IPS: intraparietal sulcus, OFC: orbitofrontal cortex, OCD-premed: unmedicated OCD patients, OCD-postmed: OCD patients after

treatment, HC: healthy control, L: left, R: right.

OCD-postmed < OCD-premed

SN ACC - Bilateral Cunei
functional connectivity

|

EHC(N=20) @OCD-premed(N=21) @OCD-postmed (N=21)

Fig. 8. Functional connectivity differences for the ACC seed probing the SN. Increased anticorrelation with bilateral cunei in OCD-postmed compared to OCD-
premed (cluster forming threshold uncorrected p < 0.001, cluster-level prwg.corr < 0.0026). Bar graphs depicting the correlation values for HC, OCD-premed and

OCD-postmed.

SN: salience network, ACC: anterior cingulate cortex, OCD-premed: unmedicated OCD patients, OCD-postmed: OCD patients after treatment, HC: healthy control, L:

left, R: right.

the treatment introduced a significantly increased anticorrelation with
these areas compared with the un-medicated patients (Ppwe-
corr=0.0005) (Table 4, Fig. 8). The bar graphs in Fig. 8 depicting the
mean connectivity values of the ACC seed in HC, unmedicated and
medicated OCD patients displays that in this case the medication
induced a change, which is also dissimilar to the HC group, even though
statistical comparison between the HC and the medicated OCD patients
did not support such difference.

3.4. Functional connectivity correlations with the clinical improvement

To test any predictive value of the FC on clinical improvement, we
focused on the seed, which displayed a significant difference between
the unmedicated patients and HCs and a clear amelioration towards
normal values after medication. As left FEF’s connectivity with the right
IPL was the only finding that fulfills this requirement (Table 3), the
baseline FC values of the right IPL areas (x = 58, y=—26, z = 52) ob-
tained in HC vs unmedicated OCD comparison were tested for correla-
tions with the percent change of the Y-BOCS obsession and compulsion
scores due to treatment (Fig. 9). Significant results surviving Bonferroni
corrected alpha level of p<0.025 (0.05/2) for the two-tailed correlation
with the obsession and compulsion scores of the Y-BOCS revealed that
the mean functional connectivity of the ROI was positively correlated
with the percentage of the clinical improvement in the Y-BOCS obses-
sion score (Spearman’s rho=0.529, p = 0.014) (Fig. 9, Table 5).

4. Discussion

With the aim of investigating the intrinsic connectivity alterations at
baseline and after treatment in OCD patients, we performed seed to

voxel connectivity analyses using bilateral basal ganglia seeds as well as
specific seeds of four cognitive networks (DMN, SN, DAN and FPN)
previously reported to be affected in OCD (Stern et al., 2012; Chen et al.,
2018; Fan et al., 2017; Lee et al., 2020). Compared to the HCs, OCD
patients showed increased FC both within the DAN and between the
DAN and FPN, whereas an anticorrelation was observed in the motor
loop between the left caudate seed and the SMA in the untreated OCD
group. Among these baseline findings, anticorrelation observed in the
motor loop did not significantly change with treatment, while the within
DAN/DAN to FPN hyperconnectivity between the left FEF and right IPL
was significantly ameliorated after medication. A similar trend was also
present for the left FEF-left IPL connectivity, although the
treatment-dependent reduction of this hyperconnectivity did not reach a
statistically significant level. These DAN/DAN to FPN connectivity
findings that display a consistent effect through both the OCD-premed vs
HC and the OCD-premed vs OCD-postmed comparisons also significantly
correlated with the clinical improvement in obsession scores.

4.1. Baseline DAN hyperconnectivity ameliorated by medication

Our findings revealed that aberrant DAN intra-network and DAN
(left FEF) to FPN (IPL) between-network hyperconnectivities at pre-
treatment stage, which were positively correlated with the percentage
of the treatment-related clinical improvement in Y-BOCS obsession
score, were significantly ameliorated with medication.

Although a majority of studies on OCD mostly focused on the triple
network model and so preferred not to investigate the DAN related al-
terations (Giirsel et al., 2018), some studies point out aberrant intra- and
inter-network FCs including DAN in OCD patients (Brennan et al., 2019;
Lee et al., 2020). The DAN, with the major nodes of the bilateral FEF and
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r=0.529
® o p=0.014
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Improvement in Y-BOCS obsession score (%)

Fig. 9. Spearman’s correlation between the clinical improvement in Y-BOCS obsession score and mean functional connectivity in the ROI (right IPL) that showed a
significant connectivity difference with the left FEF seed of the DAN between the unmedicated OCD patients and HCs. The scatter plot shows a positive correlation in
OCD patients between the percentage of the improvement in Y-BOCS obsession score and mean functional connectivity in this ROI in unmedicated OCD patients

(Bonferroni corrected alpha level p < 0.025, two-tailed).

Y-BOCS: The Yale-Brown Obsessive-Compulsive Scale, ROIL: region of interest, IPL: inferior parietal lobule, FEF: frontal eye field, DAN: dorsal attention network,

OCD: obsessive compulsive disorder, HCs: healthy controls.

Table 5
Spearman’s correlation between mean value of the left FEF seed of the DAN to
right IPL connectivity and the clinical improvement in Y-BOCS scores (N = 21).

ROI Y-BOCS Obsession Y-BOCS Compulsion
ROI r=1.00
Y-BOCS Obsession r=0.529

p=0.014
Y-BOCS Compulsion r=0.375 r=0.851 r=1.00

p = 0.094 p < 0.001

Y-BOCS: The Yale-Brown Obsessive Compulsive Scale.
Bold indicates significant correlations at alpha level of p < 0.025 (0.05/2)
Bonferroni corrected (two-tailed).

IPS, is involved in the top-down process of externally oriented actions
and perceptions and the source of attentional control signals (Pagliaccio
et al., 2021). On the other hand, the FPN is involved in maintaining and
manipulating information in working memory as well as rule-based
problem solving and decision-making in goal-directed behavior
(Menon, 2011; Uddin et al., 2019). A meta-analytic study by Dixon et al.
(2018), revealed a flexible and heterogeneous FPN organization that
may in part emerge from two separable processing streams based on
current cognitive demands: (i) DMN connections that may be prefer-
entially involved in the regulation of introspective processes, and (ii)
DAN connections that may be preferentially involved in the regulation
of visuospatial perceptual attention. In this context, our finding of the
hyperconnectivity between the left FEF of the DAN and bilateral IPLs of
the FPN may indicate a dysregulation of visuospatial perceptual atten-
tion in unmedicated OCD patients.

IPL, one of the core regions of the FPN (Gottlich et al., 2014), is
known to play a role in visuospatial working memory (Xia et al., 2020).
Impairments in switching from internal thoughts and recalling infor-
mation about visual stimuli (Shin et al., 2014a) and visual memory

(Kwon et al., 2009) in OCD patients have been previously argued to be
related with the IPL dysfunction. IPL is also thought to be responsible for
cognitive deficits in attention, planning, and response inhibition in pa-
tients with OCD (Menzies et al., 2008; Gottlich et al., 2014). Considering
the studies examining FC alterations between the large-scale networks in
OCD patients and treatment responses, DAN seems to be crucial for
understanding the mechanism underpinning the OCD pathology, in
addition to the triple network model. In their study showing altered FC
within DAN, Pagliaccio et al. (2021) suggested that higher negative
DAN-DMN connectivity is a potential predictor of worsening
obsessive-compulsive symptoms in pediatric groups. Another study by
Kim et al. (2020) showed a lower inter-network connectivity between
these two networks during a planning task, which normalized after 16
weeks of SSRI treatment (Kim et al., 2020). Shin and coworkers (2014)
also reported a similar SSRI treatment effect on FC of the large-scale
networks including the FPN. It is claimed that OCD symptom severity
was best predicted by both within- and cross-network connections
involving DAN, which is interpreted as a connectivity biomarker
(Brennan et al., 2019). A recent connectome-wide study investigating
the relationship between the obsession and rs-FC in OCD patients
showed a relation between the obsession severity and the FPN-DAN
inter-network connectivity (Lee et al., 2020). In line with the
outstanding previous findings of DAN intra- and inter-network connec-
tivity changes in OCD, our study also revealed treatment-related
changes in DAN and DAN to FPN connectivity in OCD patients. Given
that the increased FC normalized after 12 weeks of escitalopram treat-
ment, it is clear that the aberrant FC observed in the OCD patients
responded well to the medication. Most importantly, since the aberrant
FC at baseline was correlated with at least one of the two global
symptom scores, we suggest this baseline DAN to FPN hyperconnectivity
may be a new potential neuroimaging marker to predict the treatment
response in OCD patients.
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4.2. Anticorrelation between the caudate and SMA normalized with
medication

In the present study, untreated OCD patients compared to HCs
demonstrated an anticorrelation between the left caudate seed and the
SMA. After medication, this abnormal connectivity seems to be
normalized as no significant difference is observed in the comparison of
the medicated OCD patients with the HC participants. While the absence
of a direct effect of the medication on this anticorrelation in terms of a
significant difference between the medicated vs unmedicated patients’
FC maps weakens the strength of this result, an indirect sign of medi-
cation effect can still be claimed for this FC result.

The caudate nucleus, with extensive frontal connections throughout
the CSTC circuits (Hou et al., 2014), was considered a critical subcortical
region involved in the pathophysiology of OCD. Numerous studies on
OCD patients have demonstrated abnormal activity in the caudate nu-
cleus (Kang et al., 2013; Hou et al., 2014; Posner et al., 2014). It is
associated with planning the execution of the movement and cognitive
functions such as response inhibition, planning and flexibility (Del
Casale et al., 2016; Ping et al., 2013). SMA is a cortical region that is
associated with complex motor control functions and also closely related
to executive functions such as response inhibition, set shifting, rule
learning and error monitoring (Nachev et al., 2008; Bonini et al., 2014).
Repetitive transcranial magnetic stimulation to the SMA reduces
compulsive behaviors (Gomes et al., 2012; Hawken et al., 2016). Such
abnormalities in the SMA activation may underlie compulsive behaviors
in patients with OCD (Cheng et al., 2013).

A FC study by Chen et al. (2016) showed hyperconnectivity between
the left caudate nucleus and right SMA in patients with OCD. Similarly,
increased rs-FC among the left caudate, right thalamus and bilateral
SMA has been recently reported (Zhang et al., 2021). Authors suggested
that this abnormal connection of striatum and SMA may interfere with
flexible transition between habitual and goal-directed behaviors,
resulting in stereotyped and/or compulsive behavior in OCD. Altered
activation in the striatum may be linked to excitatory projections from
the SMA (Mantovani et al., 2021). Moreover, a recent study (Lee et al.,
2020) showing that obsession severity is correlated with multivariate
patterns of connectivity in the SMA, suggested that sensory-motor
integration through SMA-centered circuits may play a key role in
causing obsessions with insufficient inhibition or overabundance of
intrusive and repetitive thoughts that internally triggered in OCD pa-
tients. A recent meta-analysis of resting-state fMRI data by
ENIGMA-OCD Consortium also highlights the sensorimotor network
aberration in OCD (Bruin et al., 2023).

The majority of the patients recruited in the previous studies by
Chen et al. (2016) and Zhang et al. (2021) were under medication (SSRIs
and/or SNRIs, even antipsychotics). This may explain the discrepancy
between the inter-network hyper-connectivity findings of the caudate
nucleus and SMA reported in the aforementioned studies and the anti-
correlation we found, which subsequently normalized with the treat-
ment. On the other hand, this hyperconnectivity between the caudate
and SMA may also reflect a long-term effect of medication. Since our
patient group consisted of unmedicated patients (9 were medi-
cation-naive) with no comorbidity, our research could be considered
more reliable and powerful in detecting OCD-specific functional con-
nectivity alterations. These results point out that the abnormal
resting-state functional connectivity between the SMA and caudate may
be a key characteristic in OCD.

4.3. Treatment related functional connectivity changes

In addition to the straightforward normalizing effect of the treatment
on the DAN and FPN and the absence of any clear effect of the treatment
on the motor loop hypoconnectivity in the unmedicated OCD patients,
additional treatment effects were observed for the left caudate and
specific seeds of the DMN, SN and DAN, when the unmedicated and
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medicated OCD patients were compared. Although such effects initially
suggest possible adverse effects of the treatment on FC, considering the
role of the between-group variance on the statistical power of the
comparisons between the OCD and HC groups in contrast to within-
group comparisons between the medicated vs unmedicated OCD pa-
tients, we cannot directly suggest that these are medication effects in-
dependent of OCD. Indeed, a closer observation of the change of mean z-
transformed correlation coefficients of these areas among the HC, un-
medicated and medicated patients (Figs. 5-7) points rather to a set of
treatment effects that convert the relatively slight connectivity changes
in the unmedicated OCD patients towards healthy values. A similar
study design on a larger patient group might provide conclusive results
on whether these DMN, SN and DAN-related FC changes depend on
ameliorating or adverse effects of the treatment.

4.4. Limitations and strenghts

The sample size of the study was not large enough to examine the
neuroimaging findings associated with symptom dimensions. Despite
this limitation, the recruitment of unmedicated patients (9 were
medication-naive) without any comorbidity is a strength of the present
study, as this allowed us to detect the OCD-specific neural connectivity
changes.

5. Conclusion

Our study showed that baseline DAN to FPN hyperconnectivity may
have a potential for being a neuroimaging marker to predict the treat-
ment response in patients with OCD. While our findings support aber-
rant orchestration within the triple network as previously suggested, it
also extends them by showing FC abnormalities in the DAN to FPN,
which may help to build a new model on the network dynamics in OCD.
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