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d Humboldt-Universitaet zu Berlin, Berlin School of Mind and Brain, Berlin, Germany 
e Department for Psychiatry, Psychotherapy and Psychosomatics, Psychiatric University Hospital Zurich, Zurich, Switzerland 
f Cognitive Psychology Unit, Institute of Psychology, Leiden University, Leiden, the Netherlands 
g Leiden Institute for Brain & Cognition, Leiden University, Leiden, Netherlands 
h Max-Planck-Institute for Human Cognitive and Brain Sciences, Leipzig, Germany 
i Bernstein Center for Computational Neuroscience, Berlin, Germany   

A R T I C L E  I N F O   

Keywords: 
OCD 
Resting-state fMRI 
Seed analysis 
Functional connectivity 
Neuropsychiatry 

A B S T R A C T   

Altered brain network connectivity is a potential biomarker for obsessive–compulsive disorder (OCD). A meta- 
analysis of resting-state MRI studies by Gürsel et al. (2018) described altered functional connectivity in OCD 
patients within and between the default mode network (DMN), the salience network (SN), and the frontoparietal 
network (FPN), as well as evidence for aberrant fronto-striatal circuitry. Here, we tested the replicability of these 
meta-analytic rsfMRI findings by measuring functional connectivity during resting-state fMRI in a new sample of 
OCD patients (n = 24) and matched controls (n = 33). 

We performed seed-to-voxel analyses using 30 seed regions from the prior meta-analysis. OCD patients showed 
reduced functional connectivity between the SN and the DMN compared to controls, replicating previous find
ings. We did not observe significant group differences of functional connectivity within the DMN, SN, nor FPN. 
Additionally, we observed reduced connectivity between the visual network to both the DMN and SN in OCD 
patients, in particular reduced functional connectivity between lateral parietal seeds and the left inferior lateral 
occipital pole. Furthermore, the right lateral parietal seed (associated with the DMN) was more strongly 
correlated with a cluster in the right lateral occipital cortex and precuneus (a region partly overlapping with the 
Dorsal Attentional Network (DAN)) in patients. Importantly, this latter finding was positively correlated to OCD 
symptom severity. 

Overall, our study partly replicated prior meta-analytic findings, highlighting hypoconnectivity between SN 
and DMN as a potential biomarker for OCD. Furthermore, we identified changes between the SN and the DMN 
with the visual network. This suggests that abnormal connectivity between cortex regions associated with ab
stract functions (transmodal regions such as the DMN), and cortex regions associated with constrained neural 
processing (unimodal regions such as the visual cortex), may be important in OCD.   

1. Introduction 

Obsessive-compulsive disorder (OCD) is a disabling mental disorder 
with a lifetime prevalence of 1.5% to 2.7% in the adult population 
(Skapinakis et al., 2016). Characteristic symptoms are obsessions 
defined as persistent and intrusive thoughts and compulsive actions. In 

most cases, obsessions are accompanied by repetitive, ritualistic com
pulsions, such as washing, checking, hoarding, and ordering, thought to 
be performed to reduce the anxiety caused by obsessions (American 
Psychiatric Association, 2013). 

Resting-state fMRI (rsfMRI) records brain activity during wakeful 
rest and is increasingly used to determine potential biomarkers for 
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different psychiatric conditions (Woodward and Cascio, 2015). Two 
broad methods are commonly used to examine brain activity patterns at 
rest: seed-based approaches and decomposition approaches such as in
dependent component analysis (ICA). While seed-based analysis is based 
on predefined brain regions (Cole et al., 2010), decomposition ap
proaches like ICA are usually data-driven (Bijsterbosch et al., 2017). 

rsfMRI features are assumed to be an attractive method for studying 
neural processes in psychiatric and neurological disorders. First, 
compared to task-based fMRI, resting-state functional connectivity 
(RSFC) provides a broad network representation of the brain’s func
tional architecture that can be recorded in a similar way across different 
laboratories. Second, the absence of a specific task lowers the bar on the 
cognitive demand, therefore allowing researchers to study cognitively 
impaired populations as well (Woodward and Cascio, 2015). Together, 
these characteristics highlight the potential of RSFC to be a viable 
marker for psychiatric conditions, including OCD (Beucke et al., 2014; 
Goncalves et al., 2017). 

Nevertheless, the findings of the brain network’s circuitry and con
nectivity in the context of OCD and rsfMRI are heterogeneous (Gürsel 
et al., 2018; Rasgon et al., 2017; Rotge et al., 2008). The pathophysi
ology of OCD has often been conceptualized via the cortico-striato- 
thalamus-cortex (CSTC) model (Saxena and Rauch, 2000). CSTC cir
cuits are organized in a parallel and segregated manner and connect 
frontal cortical areas with the thalamus via the basal ganglia with an 
excitatory direct and an inhibitory indirect pathway (Calzà et al., 2019; 
Haber, 2016; Moody et al., 2017). It has been hypothesized that OCD is 
characterized by an imbalance between those two pathways with hy
peractivity of the direct pathway contributing to OCD symptomatology 
such as impulsivity and impaired action inhibition (Calzà et al., 2019; 
Pauls et al., 2014). In addition, many studies identified structural al
terations in gray and white matter (Picó-Pérez et al., 2020; Piras et al., 
2015), altered activation during task performance (Lillevik Thorsen 
et al., 2020; Menzies et al., 2008; Picó-Pérez et al., 2020), and connec
tivity changes in CSTC-related regions among OCD patients (Hoon Jung 
et al., 2017; Posner et al., 2013). 

Beyond the CSTC model, several large-scale networks including the 
Default Mode Network (DMN), the Fronto Parietal Network (FPN), and 
the Salience Network (SN), have been linked to OCD (Goncalves et al., 
2017; Stern et al., 2012). Together, these networks are known as the 
triple network model of psychopathology since they contribute to mul
tiple psychiatric disorders (Menon, 2011). A recent meta-analysis 
focusing on rsfMRI seed-to-whole brain analysis connectivity (Gürsel 
et al., 2018) attempted to integrate the CSTC and the triple network 
model in the context of OCD. Gürsel et al. found altered connectivity 
within the DMN, SN, and FPN as well as hypoconnectivity between the 
three networks. The work of Gürsel and colleagues provided support for 
both the CSTC and the tripartite view of OCD and emphasized the 
importance of the FPN regions’ intrinsic connectivity, an assumption 
that is common to both models. In our study, we aimed to replicate the 
meta-analytic findings of Grüsel et al. and examined the two models of 
altered brain activity hypothesized to be linked to OCD by examining 
brain organization at rest in a cohort of patients diagnosed with OCD 
and matched controls using seed-analyses based on the regions reported 
in the meta-analysis. 

2. Methods 

2.1. Participants 

Twenty-seven patients diagnosed with OCD according to the ICD-10 
(WHO ICD-10, 2016) by a trained psychiatrist were recruited from the 
outpatients’ clinic at the psychiatry and psychotherapy clinic at Leipzig 
university. We only included patients with current symptoms defined as 
a Y-BOCS (Yale-Brown Obsessive-Compulsive scale; (Goodman et al., 
1989) score above 11, which signifies clinically severe OCD sympto
mology, and is similar to the cut-off used in previous studies (Farris 

et al., 2013; Voon et al., 2014). One patient was excluded due to an 
additional diagnosis of schizophrenia (F20.5). 

Thirty-seven healthy controls (HC) were matched according to age, 
gender, education level (ordinal scale with 0: no education, 1: primary 
school, 2: middle school, 3: high school), work level (ordinal scale of 0: 
no professional education, 1: professional training, 2: university of 
applied science, 3: university) and were recruited from the Max Planck 
Institute (MPI, Leipzig) database. A trained psychologist screened the 
HC with the Structured Clinical Interview for DSM IV, Axis I disorders 
(SCID-I) (First et al., 2001) to ensure the absence of past or current Axis-I 
psychiatric disorders. The binary gender information of the participants 
was defined based on their self-report. The study was approved by the 
Ethics Committee of the Faculty of Medicine, University of Leipzig, 
Germany, and conducted according to the Helsinki Declaration. Written 
informed consent was obtained from all participants before the study. 

2.2. Clinical symptom and cognitive measures 

All participants were characterized for depressive symptoms using 
the Beck Depression Inventory (BDI) (Beck et al., 1961), for self-reported 
obsessive symptoms with the Obsessive-Compulsive Inventory (OCI) 
(Foa et al., 2002), for the State-Trait-Anxiety Inventory (STAI) (Spiel
berger et al., 1983) and with the crystallized verbal IQ (German Vo
cabulary Test) (Schmidt and Metzler, 1992). Measures of medication 
and SSRI use among OCD participants were taken as well. 

2.3. Neuroimaging acquisition 

Functional magnetic resonance imaging data were collected on a 
whole-body 3 Tesla T.I.M. Trio scanner (Siemens Healthcare, Erlangen, 
Germany) equipped with a 20-channel phased-array head coil. The MRI 
sessions comprised a standard DTI sequence, a resting-state measure of 
13 min with eyes open, in addition to an MPRAGE, a FLAIR sequence, 
and a task-based fMRI. The anatomical T1-weighted MPRAGE structural 
scan parameters were as follows: TE = 2.03 ms, TR = 5000 ms, FOV =
256x240 with 176 slices, resolution = 1x1x1mm3. The resting-state 
BOLD scans were acquired using an echo-planar acquisition protocol 
with the following parameters: 34 slices, TR = 2300 ms, TE = 30 ms, 
acquisition matrix = 64x64, and voxel size of 3x3x3.99 mm3, flip = 90 
deg. 

2.4. Functional magnetic resonance imaging preprocessing 

FMRI data was preprocessed using the CONN toolbox version 19.c 
(https://www.nitrc.org/projects/conn) using a standard pipeline with 
the following preprocessing steps as implemented in SPM12: Motion 
correction using realignment and unwarping, correction for delays in 
slice-time acquisition, unified segmentation and normalization proced
ure of the mean EPI image with transfer of the normalization parameters 
to all EPI images, and spatial smoothing with an 8 mm FWHM kernel. 
Potential outlier scans were identified from the observed global BOLD 
signal and the amount of subject motion in the scanner. A conservative 
setting in CONN for outlier-detection was used: Acquisitions with 
framewise displacement (a composite measure of all the movement 
parameters) above 0.5 mm or global BOLD signal changes above three 
standards deviations were marked as outliers. Quality assurance reports 
were created based on the ’valid scans’ data, i.e., data that is not defined 
as an outlier (Nieto-Castanon, 2020). We used CONN default denoising 
pipeline (Nieto-Castanon, 2020), including removing noise components 
related to white matter and CSF signal, motion (3 translation and 3 
rotation parameters with their first-order derivatives), and scrubbing by 
incorporating each outlier scan identified in the outlier identification 
preprocessing step as noise component. Last, we used bandpass filtering 
(0.01–01 Hz), removing temporal frequencies about and below the 
mentioned range from the BOLD signal. As an additional step, using the 
quality assurance reports, participants with less than two standard 
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deviation valid scans (i.e., <210 out of 350 scans per subject) were 
removed from the analysis. 

2.5. Resting-state fMRI analyses 

2.5.1. Seed-to-voxel analyses 
Seed-to-voxel (whole brain) analyses were conducted for 30 seeds 

(see Supp. Table 1 and Supp. Fig. 1 based on the reported findings in the 
meta-analysis of Gürsel et al. (2018). Five seeds were created with five 
mm diameter spheres based on the coordinates of the significant group- 
difference clusters of Gürsel’s analysis. In addition, 15 seeds were con
structed to represent FPN, DMN, SN from the CONN ICA network 
(Whitfield-Gabrieli and Nieto-Castanon, 2012), and ten seeds to repre
sent the thalamus and the striatum based on the Harvard-Oxford Atlas 
sub-Cortical Structural Atlas (Caviness et al., 1996). (http://www.cma. 
mgh.harvard.edu/fsl_atlas.html). 

For each seed-to-voxel analysis, we performed separate second-level 
GLMs to compare OCD with controls, including maximum motion as a 
covariate via the CONN toolbox version 19.c. We considered findings 
significant at FWE-corrected p-values ≤ 0.05 at the cluster and the voxel 
level. The initial inclusion threshold for cluster level correction was p <
0.001 uncorrected on the voxel level. An additional Bonferroni correc
tion for the number of seed-to-voxel analyses (size pFWE*30 < 0.05) 
was performed. The resting-networks to which the observed clusters 
belonged were identified by visual comparison with Yeo’s seven 
network parcellation components (Thomas Yeo et al., 2011). In an 
exploratory analysis, we addressed potential differences due to medi
cation status and performed a one-way analysis of covariance 
(ANCOVA) with three groups: HC (n = 33), OCD-medicated (n = 12), 
and OCD non-medicated (n = 12), again controlling for maximum 
motion. 

2.5.2. Association between OCD psychopathology and connectivity 
aberration in the OCD group 

In the OCD group, the connectivity values from clusters showing 
significant group differences were extracted, and those values were 
correlated with the Y-BOCS scores (general, obsession, and compulsion) 
using Pearson’s correlation via SPSS v.27. A correction for multiple 
comparisons was not applied. We further tested if significant correla
tions between connectivity alterations and OCD symptoms were specific 
by using partial correlation and controlling for the effects of depression 
(BDI) and anxiety (STAI). 

2.6. Alternative analytic approaches via two additional parcellation 
approaches 

We probed our findings’ robustness using two different parcellation 
approaches: First, utilizing the DiFuMo atlas (Dadi et al., 2020), and 
second, using independent component analysis (ICA) as a data-driven 
network parcellation approach for the generation of seeds. 

2.7. Alternative seed analysis via DiFuMo atlas 

The DiFuMo atlas of functional modes (Dadi et al., 2020) was used to 
define the same anatomical and brain network ROIs used in the first 
seed-to-voxel analyses (2.5.1). As the seed parcellation of the DiFuMo is 
more fine-grained (i.e., smaller diameter), we used 51 seeds altogether 
(See Supp. Table 3). 

2.8. Alternative approach data-driven; independent component analysis 
(ICA) 

ICA, as implemented in the CONN toolbox, was used for the identi
fication of resting-networks. The BOLD signal data was concatenated 
among subjects. Group ICA was performed with a subject concatenation 
of BOLD signal data along the temporal dimension, group-level 

dimensionality reduction, fast ICA for estimation of independent spatial 
components, and GICA3 back-projection for individual subject-level 
spatial map estimation. The number of independent components to be 
estimated was set to 25, and dimensionality reduction was set to 25. The 
spatial components were identified based on Yeo’s seven network par
cellation components (Yeo et al., 2011). Based on visual inspection, six 
components were identified: 1) Posterior DMN and anterior FPN, 2) 
ventral salience, 3) dorsal salience, 4) ventral attentional network 
(ATT), 5) dorsal attentional network, and 6) visual network (see Supp. 
Fig. 3). Similar to the seed-voxel analyses, we used an initial inclusion 
threshold of p < 0.001 uncorrected on the voxel level, and pFWE cor
rected < 0.05 at the cluster level. 

Group comparisons were performed on the six voxel-wise ICA maps 
for each identified resting-network using 2-sample t-tests. 

3. Results 

3.1. Participants 

Based on the CONN-toolbox quality reports, seven participants (four 
controls and three OCD patients) whose number of valid scans (based on 
global signal and subject movement parameters) were below two stan
dards deviations (i.e., <210 valid scans) were excluded. Fifty-seven 
participants (24 OCD/ 33 HC) remained in the sample. Sample charac
teristics are reported in Table 1. The groups differed significantly on the 
OCI (OCD symptoms), BDI (depression), and STAI (anxiety) scales, but 
not on the other measures. Out of the twenty-four patients with OCD, 
twelve were medicated. One of the remaining control participants had 
high levels of motion based on the CONN-toolbox’s quality measures. 
Therefore, the largest observed motion (maximum motions) was later 
included as a covariate in all analyses. 

3.1.1. Group differences in functional connectivity 
Nine clusters presented significant group differences (OCD vs. HC) 

for seed regions of the DMN and the SN (Table 2). After additional 
Bonferroni correction for the number of seed-to-voxel analyses (pFWE at 
the cluster level*30 < 0.05), three clusters based on DMN seeds remained 
significant: The hypoconnectivity of bilateral parietal cortex (LP_r/l) to 
the left occipital pole (LP_r: k = 486, MNI: [-34–94 − 04], pFWE = 0.006; 
LP_l: k = 677, MNI: [− 32, − 94, − 02], pFWE < 0.001). The cluster was 
located in the visual network (Supp. Fig. 2b. This indicated a pattern of 

Table 1 
Group description. Participant’s psychopathology and demographic measures. 
Mean (standard deviation) of demographic variables and questionnaires scores 
for OCD and control groups after excluding participants due to rsfMRI quality 
assurance reports. Work level; 0: no professional education, 1: professional 
training, 2: university of applied science, 3: university. Education level; 0: no 
education, 1: primary school, 2: middle school, 3: high school; ordinal scale, the 
value in each group signifies the percentage in each category. BDI: Beck 
Depression Inventory; STAI: The State-Trait Anxiety Inventory; OCI: Obsessive- 
Compulsive Inventory; Y-BOCS: Yale-Brown Obsessive-Compulsive Scale.  

Demographic Mean ± SD p-value  

HC OCD T/χ2- 
value 

n 33 24   
Age 35.7 ± 11.5 37.2 ± 11.9 0.61  0.51 
Gender (M/F) 15/18 13/11 0.52  0.42 
Work level (%) 12.1/39.4/ 9.1/ 

33.3 
16.7/37.5/25/ 
20.8 

0.37  3.16 

Education level 
(%) 

0/6.1/ 15.2/75.8 0/0/29.2/70.8 0.17  3.49 

BDI 2.6 ± 3 19.2 ± 13.5 <0.001  5.79 
STAI 32.1 ± 5.9 47.2 ± 12.8 <0.001  5.26 
OCI 10.3 ± 9.8 29 ± 13.1 <0.001  6.08 
Verbal IQ (WST) 107 ± 8.4 106 ± 9.5 0.68  0.42 
Y-BOCS – 22.42 ± 7.6 –  –  
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Table 2 
Functional connectivity group differences. MNI coordinates; Significant level at p < 0.05 pFWE corrected on the cluster level. Nine clusters presented significant group 
differences (OCD vs. HC) for seed regions of the DMN, and the SN. After additional Bonferroni correction for the number of seed-to-voxel analyses, three clusters based 
on DMN seeds remained significant: right and left lateral parietal (LP_r/l) to the left occipital pole (OP_l) and LP_r to a cluster comprised the right superior Lateral 
Occipital Cortex (sLOC_r) and the precuneus.  

Seed Peak of cluster (x, y, z) K Cluster level 
pFWE 

pFWE*30 
seeds 

Cluster location T-value 

DMN     .  
Lateral 

ParietalLeft  
(LP_l) 

(− 32–94 − 02) 677  <0.001 <0.001 OP_l (Occipital Pole Left); iLOC_l (Lateral Occipital Cortex, inferior division Left)  − 5.28 
(+26–60 + 50) 195  0.035 NS sLOC_r (Lateral Occipital Cortex, superior division Right); Precuneous (Precuneous 

Cortex)  
4.66 

Lateral 
ParietalRight  
(LP_r) 

(− 34–94 − 04) 486  <0.001 0.006 OP_l (Occipital Pole Left); iLOC_l (Lateral Occipital Cortex, inferior division Left)  − 4.88 
(+24–54 + 40) 450  <0.001 0.01 sLOC_r (Lateral Occipital Cortex, superior division Right); Precuneous (Precuneous 

Cortex)  
5.09 

(− 28–36 + 42) 203  0.028 NS SPL _l (Superior Parietal Lobule Left); sLOC_l (Lateral Occipital Cortex, superior 
division Left)  

4.92 

Posterior 
CingulateCortex  
(PCC) 

(+02–82 + 34) 181  0.041 NS Cuneal_r (Cuneal Cortex Right); Cuneal_l (Cuneal Cortex Left); OP_l (Occipital Pole 
Left)  

− 4.76  

SN       
Anterior 

CingulateCortex  
(ACC) 

(+40–86 − 12) 353  0.002 NS iLOC_r (Lateral Occipital Cortex, inferior division Right); OP_r (Occipital Pole Right)  4.9 

Insula_l (+50–74 − 06) 265  0.007 NS iLOC_r (Lateral Occipital Cortex, inferior division Right)  4.80 
Insula_r (+22–54 + 20) 291  0.005 NS Precuneous (Precuneous Cortex)  − 5.02  

Fig. 1. Clusters showing signifi
cant connectivity alterations in 
OCD compared to controls. Top 
image: Significant connectivity al
terations with the right lateral parie
tal seed (after correction for 
multiplied comparisons and number 
of ROIs, i.e., pFWE*30 ROIs < 0.05): 
OCD patients showed stronger posi
tive connectivity to a cluster in the 
right lateral occipital cortex superior 
division (sLOC_r) and the precuneus 
[+24 − 54 +40] (red, hyper
connectivity) and stronger negative 
(i.e., inverse) connectivity in the OCD 
group to the left occipital pole (OP_l) 
and the left lateral occipital cortex 
inferior division (iLOC_l) [− 34 − 94 
− 04] (blue, hypoconnectivity) poste
rior view. Bottom image: The group 
effect size for OCD and HC: connec
tivity measures between the right 
lateral parietal seed (LP_r) to the left 
occipital pole (OP_l) [− 34 − 94 − 04] 
and the right lateral occipital cortex 
superior division (sLOC_r) [+24 − 54 
+40]. (Top image with color, bottom 
black and white).   
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stronger negative (i.e., inverse) connectivity in the OCD group between 
bilateral DMN areas and left visual cortex. In addition, a hyper
connectivity between the LP_r to a cluster comprising the right superior 
lateral occipital cortex (sLOC_r) and the precuneus (k = 450, MNI: [24, 
− 54, 40], pFWE = 0.006), associated partly with the Dorsal Attentional 
Network (DAN) (Supp. Fig. 2a), indicating a pattern of stronger positive 
connectivity in the OCD group (Fig. 1). 

3.1.2. Correlation between OCD severity (Y-BOCS) and abnormal 
connectivity 

We tested for an association between psychopathology and signifi
cant aberrations in functional connectivity. A Shapiro-Wilk test showed 
normal distributions of the extracted clusters connectivity values (W 
(22) ≥ 0.95, p ≥ 0.27). A significant positive correlation was found 
between connectivity strength of the right lateral parietal (LP_r) to the 
right lateral occipital cortex superior division (sLOC_r) and the pre
cuneus (MNI: [24–54 40]) and Y-BOCS total score (r(24) = 0.43, p =
0.03), as well as Y-BOCS compulsions score (r(24) = 0.43, p = 0.03), but 
not with Y-BOCS thoughts (r(24) = 0.36, p = 0.08). No correlation be
tween connectivity measures of this cluster and BDI (r(24) = -0.22, p =
0.92) or STAI (r(24) = 0.11, p = 0.62) was found. This indicates that 
patients with higher symptom severity, in particular compulsions, 
showed enhanced connectivity between the DMN and a region partly 
associated with the DAN (Fig. 2. Probing the specificity of those findings 
by controlling for BDI and STAI scores in partial correlation analysis, the 
association with Y-BOCS total score stayed significant (r(24) = 0.49, p =
0.03), while the association with Y-B0CS compulsion score was reduced 
to a trend level (r(24) = 0.44, p = 0.054). 

3.1.3. Exploring the influence of medication status 
Sixteen clusters presented significant differences between the three 

groups for seed regions of the DMN, SN, FPN, and CSTC related seeds. 
After additional Bonferroni correction for the number of seed-to-voxel 
analyses (pFWE at the cluster level*30 < 0.05), eight clusters based on 
DMN, SN, FPN, and CSTC related seed remained significant (see Supp. 
Table 2). 

To sum, there was an influence of the medication on the observed 
connectivity aberration. The non-medicated OCD group presented a 
more distinguished connectivity pattern from the HC group than the 
medicated OCD group, except for the connectivity associated with the 
left nucleus accumbens. However, the most robust connectivity alter
ation in the main analysis (abnormality between the lateral parietal 
cortex and the occipital pole) was observed for both medicated and 
unmedicated OCD patients. 

3.2. Alternative analytic approaches (sensitivity analysis to measure 
findings’ robustness) 

In order to probe the robustness of our findings, we conducted two 
sensitivity analyses and used an alternative parcellation as well as a 
data-driven approach to define the seed regions. 

3.2.1. Replication via alternative atlas DiFuMo 
Based on seeds from the DMN, SN, and FPN, 13 clusters presented 

significant group differences (OCD vs. Controls) using the DiFuMo atlas. 
After additional Bonferroni correction for the number of seed-to-voxel 
analyses (pFWE at the cluster level*51 < 0.05), one cluster remained 
significant, based on hypoconnectivity in the OCD group between the 
right Angular Gyrus Posterior (a seed with a similar location to the LP_r) 
and the left Occipital Pole (k = 481, MNI = [-34–94 − 04], pFWE < 
0.001 at the cluster level) (Fig. 3). 

3.2.2. Replication via ICA resting-networks identification 
The group ICA was computed with 25 components. Based on visual 

inspection, six components were identified: 1) Posterior DMN and 
anterior FPN, 2) ventral salience, 3) dorsal salience, 4) ventral atten
tional network (ATT), 5) dorsal attentional network, and 6) visual 
network. 

When comparing those components between groups, only the 
component identified as posterior DMN - anterior FPN revealed signif
icant differences: The right inferior and superior lateral occipital cortex 
(k = 286, MNI: [38, –86, 04], pFWE = 0.006] and the left inferior lateral 
occipital cortex and the left occipital pole (k = 185, MNI: [-42, –88, 
–04], pFWE = 0.044]. Those clusters had significantly higher ICA values 
among the OCD participants, indicating higher loads of those regions on 
the identified component (Fig. 3). The location of the left cluster 
confirmed our initial analyses reported above. 

4. Discussion 

We found alterations in resting-state functional connectivity in OCD 
patients compared to HC. Hypoconnectivity between the SN and DMN 
among OCD patients was found, indicating that we partly replicated the 
finding described in the meta-analysis of (Gürsel et al., 2018). Based on 
seeds from the DMN and the SN; nine clusters showed significant group 
differences, which were located mainly in the occipital and parietal 
cortex. Exploratory analyses showed that medication status had an 
additional influence on the abnormal connectivity in many of the sig
nificant connectivity aberrations. Altogether, these analyses provide 
support for the hypothesized meta-analytic model (Gürsel et al., 2018). 

Fig. 2. Correlation between DMN-occipital hyperconnectivity to OCD general severity. Among OCD patients: positive Pearson’s correlation between con
nectivity measures. Connectivity was measured between the right lateral parietal seed (LP_r) and the right lateral occipital cortex superior division (sLOC_r) 
respectively the precuneus [+24 − 54 +40], a cluster that is partly associated with the DAN, and these were correlated to the Y-BOCS total score of general OCD 
severity (panel B, r(24) = 0.43, p < 0.05). 
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We had two main findings after correction for the number of con
ducted seed analyses: 1) OCD patients showed hypoconnectivity be
tween the lateral parietal lobe and an occipital pole cluster, including 
primary visual regions (V1 and V2) due to stronger negative connec
tivity in patients compared to controls. Crucially, this finding was 
replicated using an alternative functional atlas as well as a data-driven 
approach and was valid for both medicated and non-medicated OCD 
participants. 2) OCD patients displayed hyperconnectivity between the 
lateral parietal lobe and a cluster including the precuneus and extending 
into the superior lateral occipital cortex due to stronger positive con
nectivity in OCD patients than controls. From a large-scale network 
perspective, this suggests DMN-DAN hyperconnectivity among OCD 
patients, and this pattern was positively correlated with the severity of 
OCD symptoms. 

These findings raise the question of how the parietal and occipital 
lobes are involved in OCD psychopathology. Alterations of the parietal 
lobe have previously been described in OCD patients, including reduced 
fractional anisotropy in the right inferior parietal cortex (Menzies et al., 
2008) and bilaterally in the supramarginal gyri, which was associated 
with OCD symptoms severity (Szeszko et al., 2005). Furthermore, 
decreased metabolic activities, abnormal connectivity, and volumetric 
changes in the left inferior parietal and parietal-occipital junction, 

suggesting the possible existence of visual processing deficits in OCD 
patients (Gonçalves et al., 2015). Potential involvement of the parieto- 
occipital regions in OCD patients during negative emotion process was 
presented by Rus et al. (2017); showing increased functional connec
tivity between those regions to the amygdala during a negative affective 
task. Kwon et al. (2003) presented decreased metabolic activity at the 
left parieto-occipital junction; which is located in the proximity of the 
precuneus cluster at [24, − 54, 40] we found in our study. In accordance 
with this finding (Kang et al., 2003) found increased metabolic activity 
in various regions; including the bilateral superior parietal and right 
superior occipital cortex after SSRI treatments (as OCD symptoms and 
neuropsychological measures improved), and (Nabeyama et al., 2008) 
found an increased BOLD signal at the bilateral precuneus after therapy. 
The particular location of the right superior parietal region described by 
Kang et al. (2003) is in close proximity to the cluster we found to show 
hyperconnectivity between the left lateral parietal and the right lateral 
occipital cortex [26–60 50]. 

Our finding associating OCD symptoms severity with abnormal pa
rietal functional connectivity is consistent with previous findings: (Rus 
et al., 2017) found a negative association between OCD symptom 
severity and the structural integrity of white matter tracts connecting 
the amygdala with a cluster in the parieto-occipital cortex. From the 

Fig. 3. Replication of finding: Occip
ital pole left. Top image: Significant 
connectivity alterations based on seed 
analysis from the right Angular Gyrus 
Posterior (after correction for multiplied 
comparisons and number of ROIs, i.e., 
pFWE*51 ROIs < 0.05): OCD patients 
showed stronger negative (i.e., inverse) 
connectivity to the left occipital pole 
(OP_l) and the inferior division of the 
left lateral occipital cortex (iLOC_l) [− 34 
− 94 − 04] (blue, hypoconnectivity), 
posterior view (Other clusters presented 
did not survive the additional correction 
for the number of ROIs). Bottom image: 
Group comparison of ICA-values based 
on the component identified as posterior 
DMN - anterior FPN (pFWE corrected at 
the cluster level): OCD patients showed 
higher ICA values indicating higher 
loads in right inferior and superior 
lateral occipital cortex (MNI: [38, − 86, 
04], pFWE = 0.006] and the left inferior 
lateral occipital cortex and the left oc
cipital pole (MNI: [− 42, − 88, − 04], 
pFWE = 0.044], posterior view. (Top and 
bottom images with color).   
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perspective of DMN-DAN aberration; OCD symptoms severity among 
children was associated with weaker DAN-DMN connectivity (Pagliaccio 
et al., 2021). In another study (Kim et al., 2020), non-medicated OCD 
participants presented reduced connectivity between the DAN and the 
DMN during a planning task. After SSRI treatment and improved clinical 
symptoms, the OCD participants showed normalized network connec
tivity. In line with these prior investigations, our study found that gen
eral OCD symptoms severity was associated with DAN-DMN 
hyperconnectivity. 

Other rsfMRI studies found that OCD patients presented connectivity 
aberrations in occipital regions: (Moreira et al., 2017) found reduced 
functional connectivity between the occipital and sensorimotor areas; 
specifically in the bilateral lingual gyri and the left postcentral gyri. 
(Hou et al., 2014) identified decreased functional connectivity of the 
bilateral occipital cortex with the left orbito-frontal cortex. Both studies 
took a whole-brain graph approach. Further studies found an altered 
connection between the DMN and the visual network in OCD. Reggente 
et al. (2018) found in pre-treatment rsfMRI that the DMN and; in second 
place; the visual network (out of eight investigated networks) best 
predicted post-CBT treatment OCD severity (explaining 67% of the 
variance in posttreatment Y-BOCS). Tasked-based imaging studies in 
OCD patients by Stern et al. (2017); as well as (Ravindran et al., 2020); 
also involved visual areas and connectivity between DMN regions and 
occipital areas, similar to our findings. (Ravindran et al., 2020) stimu
lated stress using OCD-related images and observed hyperactivation of 
the posterior cingulate gyrus (PCg), which is part of the DMN. Inter
estingly, this DMN region was hypoconnected with SN-related regions 
and hyperconnected with the left primary visual cortex. The PCg 
hyperactivation during the task led them to assume impaired DMN 
suppression in response to the emotions evoked in OCD. Hyper
connectivity between left primary visual cortex with the PCg showed a 
positive correlation with OCD symptoms (Ravindran et al., 2020) and 
was approximately in a similar anatomical location as our finding of 
DMN-occipital pole hypoconnectivity at [-34–94 − 04]. (Stern et al., 
2017) also observed DMN-visual region hyperconnectivity in OCD pa
tients in a task-based fMRI study. During a letter detection task; patients 
showed reduced activation of the superior and inferior lateral occipital 
cortex, only when this task was followed by internal negative focus, 
triggered by the request to imagine a personalized negative event (Stern 
et al., 2017). In the OCD group, the occipital cortex was more positively 
correlated to the dorsal medial prefrontal cortex, a region of the DMN 
associated with self-referential mental activity (Andrews-Hanna et al., 
2010; D’Argembeau et al., 2005). Both task-based fMRI studies provide 
evidence for altered connectivity between DMN regions and visual areas 
similar to our findings, although the task-based studies described 
hyperconnectivity while we found hypoconnectivity due to stronger 
negative connectivity within the OCD group. 

However, while our results are consistent with prior studies, it is not 
obvious how a resting-state study without a stress-evoking task would 
produce connectivity patterns resembling aberrant activation and con
nectivity in visual regions found after tasks that induce internal negative 
focus. (Stoffers et al., 2015) point out that the psychological aspects 
which characterize the resting-state (such as thoughts; cognitive and 
affective experiences) have been ignored in most resting-state studies. It 
is well established that during resting-state, the mind is highly active 
(Baars, 2010), with memories of past events and thoughts about the 
future (Andrews-Hanna et al., 2010), thinking about the self (Delam
illieure et al., 2010), mental imagery (Hurlburt et al., 2015), problem- 
solving (Mckeown et al., 2020), or other mental activity. Intrusive 
thoughts and repetitive thinking (American Psychiatric, in particular, 
define OCD. Generally, intrusive thoughts occur most often when the 
mind is not occupied with a demanding task (Berntsen, 2010), such as 
during relaxation time or while going to bed (Stan and Christoff, 2018). 
Resting-state has no attentional demands; therefore, it might resemble 
those real-life situations. Hence, the cognitive and affective experiences 
of resting-state cognition in OCD, severe anxiety patients, and controls 

described in (Gehrt et al., 2020); are unsurprising: both patient groups 
reported more negative feelings, health concerns, discontinuity of mind 
(rapid switch of thoughts), and less comfort during rest. Interestingly, 
OCD participants reported more visual thoughts compared to the other 
groups. 

In line with Gürsel’s meta-analytic findings (Gürsel et al., 2018), we 
did observe DMN and SN hypoconnectivity. However, we did not find 
CSTC-related or within-network connectivity aberrations in our sample. 
In this context, it has been argued that meta-analyses that rely on many 
small, potentially underpowered studies may overestimate effects (Szucs 
and Ioannidis, 2020). Furthermore, the differences might be related to 
different scanning protocols, analytic approaches, or sample character
istics such as symptom severity (Costafreda, 2009). On the other hand, 
when considering medication, we saw aberrations in the three networks 
and in addition at the CSTC- striatum-related seed, which suggests that 
medication is an important aspect that needs to be considered in future 
studies. Taken together, therefore, our study provides support for the 
prior meta-analytic account of OCD and suggests that future studies 
could examine whether these patterns are more likely to be observed in 
patients who are not presently medicated. 

Our study has several limitations. First, we had a relatively small 
sample. It is known that the reliability of the results depends on the 
sample size (Nee, 2019); therefore, we used relatively conservative 
corrections and added additional analytic approaches. Second, our study 
used rsfMRI but did not collect thought and emotion-related information 
after scanning (e.g., (Mckeown et al., 2020). Visual thoughts are 
assumed to be different in patients with OCD than controls (Gehrt et al., 
2020), suggesting that part of our results may be related to differences in 
thought patterns across individuals. Since we did not measure these 
experiences, an open question based on our study is to what extent the 
connectivity changes are related to momentary differences in experi
ences at rest, including imagery (Karapanagiotidis et al., 2021), or 
whether they are related to more stable psychological differences asso
ciated with OCD. Considering the relatively minimal effort this addi
tional data collection requires, we recommend acquiring this 
information in future studies of OCD and other psychiatric conditions, 
which could be useful in constraining the interpretation of group dif
ferences that emerge at rest. Third, medication can influence the con
nectivity pattern, as our exploratory analysis suggests, although the 
latter should be treated with caution due to sample size. Fourth, our 
limited sample size precluded our investigation of subtypes of OCD (e.g., 
washing/ controlling) in our OCD sample. Those subtypes might affect 
the connectivity pattern (e.g., (Ravindran et al., 2020). However, the 
relatively small sample size did not allow further break-up based on 
subtypes and were not consistently collected in our sample. Last, our 
analysis did not include gender as a covariate. Other studies might 
consider adding this aspect to their studies. 

Future studies might gain a better picture of the specific resting state 
patterns linked to OCD by including additional clinical groups such as 
patients with general anxiety disorder or depression. As there are often 
shared symptoms between these diagnoses, comparing the clinical 
groups might illuminate the specific contribution of each diagnosis to 
the connectivity pattern, contributing to more distinct characteristics of 
the connectivity pattern. In addition, studies might benefit from 
applying dynamic functional connectivity techniques. A recent study by 
(Liu et al., 2021) found significant differences in transitions among four 
functional connectivity states among OCD patients compared to HC. 
This perspective; beyond the static connectivity analysis -worth further 
investigation in future studies. 

In summary, we identified connectivity aberrations in OCD partici
pants between DMN and SN seeds and predominantly occipital regions, 
including the primary visual cortex. Our finding points towards the 
importance of visual processes and the coupling between visual and 
DMN regions in OCD patients. 
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