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A B S T R A C T

Obsessive-compulsive disorder (OCD) is a psychiatric condition characterized by obsessions and compulsions 
that cause significant distress and functional impairment. Cognitive-behavioral therapy (CBT), particularly 
involving exposure and response prevention (ERP), is a first-line treatment for OCD, though patient response 
varies widely. This study investigates the neurobiological correlates of CBT response in OCD, focusing on resting- 
state functional connectivity (rsFC) alterations. Twenty-five patients with OCD and 26 matched controls un-
derwent resting-state fMRI at baseline and post-CBT. Results indicated decreased rsFC at baseline in OCD patients 
compared to controls within the higher visual (HVN), posterior salience (PSN), and language networks (LN). 
Following CBT, patients showed increased HVN connectivity, suggesting a normalization of the rsFC within this 
network. Additionally, we found an association between baseline LN rsFC and symptom improvement after CBT 
(the higher the connectivity, the more the symptom improvement), suggesting that LN connectivity could be a 
predictor of treatment response. These findings emphasize the role of sensory processing networks in OCD and 
highlight the ability of CBT to modulate brain connectivity.

Introduction

Obsessive-compulsive disorder (OCD) is a debilitating mental health 
condition characterized by recurrent and intrusive thoughts, images 
and/or urges, known as obsessions, accompanied by behaviors or mental 
acts that individuals feel compelled to engage in (i.e., compulsions). 
These compulsions are aimed at alleviating anxiety or distress or pre-
venting undesired events or situations associated with the obsessions 
(APA, 2013). OCD can lead to significant functional impairment and 
reduced quality of life (Baxter et al., 2014; Ruscio et al., 2010). 

Therefore, timely access to evidence-based treatments is crucial for 
improving patient outcomes. Cognitive-behavioral therapy (CBT), 
particularly with exposure and response prevention (ERP), is an estab-
lished and effective first-line treatment for OCD (Olatunji et al., 2013; 
Öst et al., 2015). This treatment approach targets patients’ dysfunctional 
patterns of thinking, emotions and behaviors and involves gradual 
exposure to OCD-related triggers while preventing compulsive behav-
iors (Abramowitz, 2006). Despite its efficacy, a substantial proportion of 
patients with OCD demonstrate limited or poor response to treatment 
(Olatunji et al., 2013). Enhancing treatment outcomes and developing 
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more targeted therapeutic approaches requires a deeper understanding 
of the neural mechanisms underlying OCD and its response to therapy.

Neuroimaging research has been instrumental in elucidating the 
pathophysiology of OCD, consistently revealing the involvement of the 
cortico-striato-thalamo-cortical (CSTC) circuit (Saxena & Rauch, 2000). 
This circuitry is implicated in motor, cognitive, emotional, and moti-
vational processes (Kwon et al., 2009). Other research has highlighted 
additional involvement of frontolimbic, frontoparietal and cerebellar 
networks (Milad & Rauch, 2012; van den Heuvel et al., 2016).

Functional magnetic resonance imaging (fMRI) studies have further 
provided insights into specific brain regions in OCD (Perera et al., 2024; 
Rasgon et al., 2017). In particular, resting-state functional magnetic 
resonance imaging (rs-FMRI) studies examine the temporal correlations 
between distinct brain regions during rest (Biswal et al., 1995; Smith 
et al., 2009) and may improve our understanding of alterations in the 
integrated brain networks implicated in OCD (Yang et al., 2019). These 
studies have consistently identified altered functional connectivity (FC) 
in OCD patients within the default mode (DMN), salience (SN), and 
frontoparietal (FPN) networks (Gürsel et al., 2018). By identifying these 
aberrant patterns, resting-state neuroimaging provides crucial insights 
into the neurobiological underpinnings of OCD and may help refine 
diagnostic models and treatment strategies. These insights provide a 
foundation for understanding how therapeutic interventions like CBT 
might modulate brain activity in OCD. Notably, emerging evidence 
suggests that CBT may normalize altered activity in OCD patients in the 
brain regions implicated in the CSTC loop, namely the orbitofrontal 
cortex (OFC), anterior cingulate cortex (ACC), and caudate nucleus. 
Increased activity after treatment has also been reported in the parietal 
cortex and cerebellum (Poli et al., 2022). rsFC studies further reveal 
changes in the brain connectivity of patients with OCD following CBT 
treatments. Changes in connectivity linked to treatment response have 
also been observed. For instance, CBT was linked to large-magnitude 
increases in connectivity, especially between the cerebellum, striatum, 
and prefrontal cortices (Moody et al., 2017). Moreover, Gao et al. (2021)
reported decreased rsFC between the amygdala subregions and the vi-
sual association cortices, alongside increased rsFC between the amyg-
dala subregions and the right inferior parietal lobe following CBT. These 
changes were positively associated with changes in the Yale-Brown 
Obsessive Compulsive Scale (Y-BOCS) scores. In line with this, baso-
lateral amygdala-ventromedial prefrontal cortex FC predicted a better 
CBT outcome in OCD patients (Fullana et al., 2017). Moreover, 
pre-treatment FC patterns in OCD patients within the (DMN) and visual 
network (VN) have also shown to predict post-treatment OCD severity 
(Reggente et al., 2018).

Although these previous studies have significantly advanced our 
understanding of OCD, many have employed hypothesis-driven methods 
(e.g., seed-based analyses) focused on well-established circuits such as 
the CSTC or the fronto-amygdalar circuit (Fullana et al., 2017; Liu et al., 
2022; Zhao et al., 2021). While these approaches have undoubtedly 
yielded valuable insights, their focus on predefined regions risks over-
looking other connectivity patterns that could be relevant to the disor-
der’s pathophysiology. By adopting a data-driven, whole-brain 
approach, we capture connectivity patterns without relying on prior 
assumptions — potentially revealing novel or less-characterized net-
works that may contribute to OCD pathophysiology (Liu et al., 2022). In 
line with this, we employed an independent component analysis (ICA) 
method to provide a more comprehensive exploration of the connec-
tivity patterns in OCD. In doing so, our primary aims were to: (1) 
identify rsFC differences between OCD patients and healthy controls, (2) 
explore the mechanisms of change related to CBT by measuring changes 
in FC before and after treatment, and (3) assess whether baseline FC 
predicts treatment response. Such insights could provide a more 
comprehensive framework for understanding the neurobiological un-
derpinnings of OCD and determine novel targets or biomarkers that 
could guide personalized therapeutic strategies.

Methods

Participants

Thirty-five patients with OCD were recruited at the Psychiatric 
Department of the Bellvitge University Hospital (Barcelona, Spain). 
Additionally, 32 healthy controls were recruited and matched in terms 
of age, sex and years of education. Controls were excluded from the 
study if they had a diagnosis of OCD, schizophrenia or other psychotic 
disorders; substance abuse; major depression or bipolar disorder. Severe 
organic or neurological pathology including history of traumatic brain 
injury and epilepsy also served as exclusion criteria.

Patients were required to meet the following inclusion criteria: 
diagnosis of OCD according to the DSM-IV-TR criteria with a duration 
longer than one year, age between 18 and 65 years, and the patient’s 
signed consent to participate in the current study. The following 
exclusion criteria were applied: severe organic and/or neurological 
pathology; history of traumatic brain injury or epilepsy; to have un-
dergone any alternative therapy concurrently with the follow-up in the 
specialized unit during the course of CBT; the presence of substance 
abuse/dependence; schizophrenia or other psychotic disorders; major 
depression; or bipolar disorder. The presence of other Axis I psychiatric 
disorders was not considered as an exclusion criterion as long as OCD 
was the primary diagnosis.

All participants underwent a comprehensive assessment at two time 
points: baseline (T1) and 16 weeks after baseline (T2). At each time 
point, participants were evaluated using standardized psychometric 
scales, and magnetic resonance imaging (MRI) scans were performed. 
The study was approved by the ethical committee in clinical research of 
Bellvitge University Hospital.

Instruments

The primary outcome for the patient group was the Yale Brown 
Obsessive Compulsive Scale (Y-BOCS) score (Goodman et al., 1989). 
Obsessive-compulsive symptoms were also assessed in both groups with 
the Obsessive-Compulsive Inventory Revised (OCI-R) (Foa et al., 2002). 
The Beck Depression Inventory (BDI) (Beck et al., 1961) and Beck 
Anxiety Inventory (BAI) (Beck et al., 1988) were used to assess the 
participants’ symptoms of depression and anxiety, respectively.

CBT intervention

OCD patients underwent a standardized program of CBT, delivered 
according to the guidelines of Foa et al. (2012). Treatment duration was 
16 weeks, with one session per week lasting between 60 and 90 min. 
Sessions were conducted in a group format with a maximum of 10 pa-
tients per group. Initial therapy sessions focused on psychoeducation, 
after which cognitive strategies and EPR were progressively introduced. 
Homework assignments were provided after each session to reinforce 
the implementation of the learned strategies. While following a stan-
dardized treatment manual, EPR training sessions were tailored to each 
patient’s symptom hierarchy to better address their individual needs. 
Therapists conducting the intervention were independent from the 
study.

MRI data acquisition and preprocessing

Magnetic resonance imaging scans were acquired in a 3.0 Tesla 
Phillips Ingenia scanner equipped with a 32-channel phased-array head 
coil. All participants completed MRI scans at T1 and T2. For the resting- 
state fMRI, we measured changes in blood-oxygenation-level-dependent 
(BOLD) signal, using a gradient echo-planar imaging (EPI) sequence. 
This acquisition had a duration of 8 min and participants actively stared 
at a fixation cross and were instructed to try “not to think of anything in 
particular”. For each participant, we obtained a whole-brain acquisition 
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with forty odd-even interleaved slices [repetition time (TR) = 2000 ms, 
echo time (TE) = 25 ms, field of view (FOV) = 24 cm, 80 × 80 pixel 
matrix, flip angle = 90◦, 3 × 3 × 3 mm isotropic voxel size with no gap, 
240 vol]. We also acquired high-resolution three-dimensional T1- 
weighted images for anatomical reference, using a turbo-gradient-echo 
sequence of 6 min and 6 s, with the following parameters: 220 contig-
uous slices, TR = 10.5± ms, TE = 4.8± ms, flip angle = 8◦, FOV = 24 cm, 
320 × 320 pixel matrix, 0.75 × 0.75 × 0.75 mm voxel size.

MRI data were preprocessed using fMRIPrep 20.2.5 [(Esteban et al., 
2019); RRID:SCR_016216], a Nipype based tool [(K. Gorgolewski et al., 
2011; K. J. Gorgolewski et al., 2017); RRID:SCR_002502]. A detailed 
description of the preprocessing pipeline can be found in the Supple-
mentary material. We excluded 11 participants with a mean frame-wise 
displacement higher than 0.3 (9 OCD patients and 2 controls) and 5 with 
imaging artifacts (4 controls and 1 OCD patient).

Thus, we included a total of 51 participants (25 patients with OCD 
and 26 controls) in our analyses. Of these, 15 OCD patients and 17 
controls had complete T1 and T2 data available for the longitudinal 
analyses. A detailed comparison between participants who provided 
both T1 and T2 data (completers) and the total sample is presented in 
the Supplementary material (Table S1). No significant differences were 
found in this analysis.

Independent component analysis

Resting-state network (RSN) maps were analyzed voxel-wise through 
a probabilistic independent component analysis (ICA) as implemented 
in Multivariate Exploratory Linear Optimized Decomposition into In-
dependent Components (MELODIC), distributed with FSL (Beckmann & 
Smith, 2004). Probabilistic ICA is a fully data-driven approach that 
enables the isolation of components based on the temporal correlation of 
the corresponding areas, while maximizing the spatial independence 
between components. Dual-regression analysis was performed to esti-
mate the subject-specific components that correspond to the group-wise 
RSNs. Because the probabilistic ICA approach may identify noisy com-
ponents corresponding to non-biological signal, such as movement ar-
tifacts, the independent components were selected after visual 
inspection of their spatial distribution (Horowitz-Kraus et al., 2015). 
Components that were mainly present in regions that do not generate 
BOLD signal (white matter, ventricles or outside the brain) were 
excluded from the analysis. This visual method of identification was 
then complemented with correlation with templates from FINDLAB 

(Shirer et al., 2011) available at https://greiciuslab.stanford.edu/ 
resources.

Statistical analysis

The RSNs FC was compared between groups, using a nonparametric 
permutation procedure implemented with the randomise tool from FSL 
(Winkler et al., 2014). Threshold-free cluster enhancement (TFCE) was 
used to detect widespread significant differences and control the 
family-wise error rate (FWE-R) at α = 0.05 and 5000 permutations. The 
FC values of the clusters with significant between-group differences 
were extracted with fslmeants for further exploration. Paired samples 
t-tests were implemented to assess the impact of CBT in FC in OCD pa-
tients by comparing T1 and T2 FC in these clusters. For the control 
group, FC was also compared between T1 and T2. Additionally, corre-
lation analyses (Pearson’s r) were performed to assess the association 
between the FC estimate of significant clusters and the Y-BOCS change 
scores to explore potential predictors of treatment response. To this end, 
Y-BOCS change after CBT was computed by subtracting the baseline 
values from the post-intervention values, with negative values thus 
reflecting symptom improvement. All variables were tested for 
normality using the Shapiro–Wilk test, and nonparametric tests were 
used when the data did not follow a normal distribution.

Results

Demographic and clinical characteristics

There were no significant group differences in age, sex, and educa-
tion. For the patient group, the mean total Y-BOCS at baseline was 23.2 
(SD= 6.53), with a mean Y-BOCS obsessions of 11.7 (SD = 3.05) and 
mean Y-BOCS compulsions of 11.5 (SD = 3.58). There was significant 
symptom improvement after CBT intervention (t(23) = 5.73, p < .001). 
The mean age of onset was 18.08 (SD= 6.29). All but one patient was 
receiving medication at the time of the study. See Table 1 for detailed 
information regarding the characterization of the sample.

Independent component analysis (ICA)

Thirty-five components were obtained from the probabilistic ICA 
analysis of OCD patients and healthy controls. Fourteen of these com-
ponents were found to be representative of the most typical RSNs 

Table 1 
Sample characteristics.

OCD patients n = 25 Controls n = 26 Difference

n Mean (SD) or % n Mean (SD)

Gender ​ ​ ​ ​ ​
Female 13 - 15 - χ2 (1) = 0.48, p = .49
Male 12 - 11 - ​

Education, years ​ 13.24 (3.07) ​ 15.04 (3.90) t(49) = 1.82, p = .07
Age, years ​ 30.68 (7.22) ​ 28.81 (5.79) t(49) = − 1.02, p = .31
Age of onset, years ​ 18.08 (6.29) ​ - -
Medication ​ ​ ​ - -

SSRI 14 56 % ​ - -
TCA 2 6 % ​ - -
Combined 8 15 % ​ - -
No medication 1 2 % ​ - -

Y-BOCS ​ ​ ​ - -
Pre-CBT ​ 23.20 (6.53) ​ - t(23) = 5.73, p < 0.001c

Post-CBT ​ 15.63 (7.93) ​ - ​
OCI-R a,d ​ 29.50 (18.50) ​ 12.50 (11.75) U = 53.5, p < .001
BDI a ​ 20.85 (10.99) ​ 5.69 (4.43) t(44) = − 6.39, p < .001
BAI b,d ​ 15.00 (15.00) ​ 4.50 (5.75) U = 47.5, p < .001

a 5 missing data; b 7 missing data; cdifference between pre-post CBT; d Median (IQR). SSRI - Selective serotonin reuptake inhibitors; TCA - Tricyclic antidepressants; Y- 
BOCS – Yale Brown obsessive-compulsive scale; OCI-R – Obsessive compulsive inventory- revised; BDI – Beck depression inventory; BAI – Beck anxiety inventory. 
Mann-Whitney test was used when data normality was not met.
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(Fig. 1).
Our results showed that OCD patients displayed a pattern of signif-

icantly lower FC compared to controls in three networks: higher visual 
(HVN), posterior salience (PSN) and language (LN). Specifically, in the 
HVN, patients showed decreased FC in the right superior occipital gyrus 
(MNI coordinates: x = 28, y= − 94, z = 26; cluster extent = 28; p = .013). 
The median FC in controls was 251.48, whereas in OCD patients it was 
54.74 (U = 551, p < .001, r = 0.69). In the PSN, significant differences 
were found in the right precuneus (MNI coordinates: x = 10, y = − 64, z 
= 54; cluster extent = 8; p = .045). The median FC for controls was 
124.33 compared to 33.63 for the OCD group (U = 503, p < .001, r =
0.55). Regarding the LN, decreased FC was displayed in the right su-
perior temporal gyrus (MNI coordinates: x = 66, y = − 30, z = 10; cluster 
extent = 8; p = .046). Controls had a median of 48.63, whereas OCD 
patients had 8.51 (U = 518, p < .001, r = 0.59). Effect sizes were 
consistently large across the three networks. No significant effects were 
found across the remaining RSNs. Fig. 2 depicts the three clusters where 
significant group differences in FC were found.

Changes in FC in OCD patients following CBT

The effect of CBT on FC in the three significantly different clusters 
identified in patients with OCD was assessed. When comparing pre- to 
post-CBT FC, results showed a significant increase in FC within the HVN 
(t(14) = 2.17, p= .048). In the control group, no significant differences 
were observed in FC between T1 and T2 for any of the identified clusters 
(tHVN = 0.17 (16), p= .86; tPSN = 0.46 (16), p= .65; tLN = 0.70 (16), p=
.49). No significant differences were observed within PSN and LN FC 
between T1 and T2 for the patient group, although a tendency towards 
increased connectivity after CBT can be observed. Fig. 3 illustrates the 
changes in FC across time points (T1 and T2) in both OCD patients and 
controls, highlighting the distinct patterns between groups.

Functional connectivity as a predictor of treatment response in OCD

A significant negative correlation was found between changes in 
OCD symptom severity, measured as YBOCS difference (Y-BOCS score at 
T2 – Y-BOCS score at T1) and functional connectivity within the LN (r =
− 0.43, p = .037). This result suggests that higher FC in the LN was 

Fig. 1. Resting-state networks identified through ICA (HVN – higher visual network; DMN – default mode network; VN – visuospatial network; PVN – primary visual 
network; LN – language network; RECN – right executive network; LECN – left executive network; SMN – sensorimotor network; ASN – anterior salience network; AN 
– auditory network; PSN – posterior salience network; PREC – precuneus; CER – cerebellum; BG – basal ganglia).

Fig. 2. Clusters with significant group differences, overlaid on their respective networks (HVN - higher visual network; LN – language network; PSN – posterior 
salience network).
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associated with greater symptom improvement following CBT (Fig. 4). 
No significant correlations were observed between changes in Y-BOCS 
scores and functional connectivity in HVN and PSN (see Table 2, Fig. 4).

Discussion

This study investigated the rsFC in patients with OCD, with a 

particular focus on the neurobiological correlates of CBT response. Our 
primary findings indicated that, compared to healthy controls, OCD 
patients showed significantly lower FC at baseline in three RSNs: HVN, 
PSN, and LN. Following CBT, patients showed a significant increase in 
FC within HVN. Moreover, a significant correlation was found between 
LN connectivity and changes in symptom severity, indicating that 
greater LN connectivity was associated with greater symptom 
improvement.

Fig. 3. Pre-post FC changes in OCD patients and controls (HVN - higher visual network; LN – language network; PSN – posterior salience network; FC – functional 
connectivity).

Fig. 4. Scatter plot of the significant correlation between baseline LN FC and Y- 
BOCS difference.

Table 2 
Correlations between FC and Symptom Change in OCD (HVN – high visual 
network; LN – language network; PSN – posterior salience network; Y-BOCS – 
Yale-Brown Obsessive-Compulsive Scale).

Pearson’s Correlations

Network Y-BOCS 
Change

Y-BOCS 
T1

Y-BOCS 
T2

HVN FC Pearson’s r − 0.043 − 0.106 − 0.139
​ p-value 0.841 0.616 0.519
LN FC Pearson’s r − 0.429 0.221 − 0.164
​ p-value 0.037 0.288 0.444
PSN FC Pearson’s r 0.028 0.185 0.169
​ p-value 0.895 0.375 0.43
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The reduced FC in HVN among OCD patients aligns with previous 
research (Geffen et al., 2021; Moreira et al., 2017, 2019; Raposo-Lima 
et al., 2022) suggesting that regions involved in visual processing may 
be impaired in OCD. This altered connectivity could indicate maladap-
tive perceptual mechanisms in which visual information is processed in 
a manner that contributes to obsessive thinking. In OCD, intrusive visual 
images or repetitive mental pictures can be a significant component of 
obsessions. Many patients describe vivid scenes—such as contamination 
fears or disturbing, image-based obsessions—that intrude into con-
sciousness and cause marked distress (Rachman, 2007). A reduction in 
functional connectivity in the HVN (especially in the right superior oc-
cipital gyrus, as we observed) may reflect a diminished capacity to 
modulate or integrate these visual intrusions effectively. This could 
render patients more vulnerable to distressing mental images, as the 
network’s ability to filter or contextualize these intrusive images may be 
compromised. Moreover, evidence suggesting deactivation of occipi-
tal/parietal regions associated with social stimuli processing further 
indicates that visual-perceptual dysfunction might be relevant for the 
pathophysiology of OCD (Gonçalves et al., 2010). These findings high-
light the potential value of targeting perceptual and attentional biases in 
OCD treatment.

Moreover, OCD has been associated with aberrant connectivity in the 
salience network (SN) (Gürsel et al., 2018; Posner et al., 2016) which is 
consistent with our results regarding the altered FC within PSN in pa-
tients. The SN acts as a switch between the default mode network (DMN) 
and the central executive network (CEN), and its role has been associ-
ated with the detection of internal and external information in order to 
guide behavior and attention (Seeley et al., 2007). In line with this, 
dysfunctions in this network could contribute to the inability of patients 
with OCD to disregard intrusive thoughts and irrelevant stimuli, which 
could perpetuate the vicious cycle of OCD symptoms. The reduced FC 
within the LN suggests that language processing areas may be implicated 
in OCD. These results align with a previous study from Kwak et al. 
(2020) which identified a set of 35 rsFC features (including temporal 
regions) which allow the discrimination between OCD and healthy 
controls with satisfactory accuracy. Of interest, altered connectivity of 
the STG was part of a restricted set of nodes in which one of the sub-
groups could be significantly distinguished from healthy controls. In 
addition, temporal regions have been implicated in processes of lan-
guage and semantic processes involved in emotion regulation (Messina 
et al., 2015; Morawetz et al., 2020) – a process known to be impaired in 
OCD (See et al., 2022; Thorsen, Hagland et al., 2018). As such, dimin-
ished FC in this network could be due to its overlap with cognitive 
control regions and may underlie the repetitive internal dialogues and 
rumination, often experienced by OCD patients, as well as difficulty in 
regulating intrusive thoughts and emotions.

Following CBT, the significant increase in HVN connectivity among 
OCD patients suggests that therapy may normalize neural circuits 
associated with visual processing and attention. Exposure-based strate-
gies within CBT may help patients recalibrate these visual processing 
pathways by confronting feared images or situations without resorting 
to compulsive behaviors. Indeed, Reggente et al. (2018) propose that the 
mechanisms of CBT, particularly ERP, are accompanied by a reorgani-
zation of visual networks. Likewise, Gao et al. (2021) found significant 
changes in rsFC between amygdala subregions and visual cortices after 
CBT and that these changes were positively associated with changes in 
the Y-BOCS scores. This neuroplastic change resonates with the litera-
ture on rsFC alterations linked to CBT (Poli et al., 2022) and provides a 
compelling rationale for interventions that emphasize modifying mal-
adaptive visual processing and attentional patterns.

Notably, not all the networks that evidenced rsFC differences be-
tween OCD patients and controls at baseline showed significant changes 
after CBT treatment. First, HVN may be more directly engaged during 
exposure exercises that rely on visual cues and attentional monitoring of 
compulsive or avoidant behaviors. In contrast, the PSN and LN might not 
be as strongly recruited or may undergo subtler shifts over longer time 

frames, particularly as patients learn to filter and reappraise intrusive 
thoughts. Previous studies have, in fact, implicated temporal regions in 
other disorders (such as panic disorder) during symptom provocation. 
However, while CBT was associated with symptom improvement as well 
as the modulation of the activity of other brain regions, the attenuated 
response of temporal regions was not established following CBT (Y. Yang 
et al., 2019). This could suggest that the neural signature of immediate 
therapeutic gains may be distinct from the mechanisms associated with 
the etiology of OCD or from the neural alterations that differentiate 
patients from healthy individuals.

Additionally, while standardized CBT protocols, particularly those 
based on ERP, have strong empirical support, the heterogeneity of OCD 
can render a “one-size-fits-all” treatment approach less optimal for 
certain individuals. For instance, hoarding dimensions, as well as 
obsessive-compulsive symptoms related to sexual/religious/aggressive 
themes (unacceptable thoughts), seem to be related with worst treat-
ment response to CBT (Matsunaga et al., 2010; Thorsen, Kvale et al., 
2018; Williams et al., 2014). Given that patients with unacceptable 
thoughts tend to rely on mental and reassurance-seeking compulsions, 
CBT interventions targeting these symptoms should include more 
imaginal exposure exercises and suppression of mental compulsions 
(Williams et al., 2011, 2013). As such, future research should focus on 
the development of tailored, symptom-specific interventions to improve 
treatment outcomes of patients with OCD.

Regarding the associations between baseline FC and symptom 
changes, the LN appears to be associated with symptom improvement. 
Patients who exhibited increased LN connectivity at baseline presented 
larger symptom decrease after CBT. Temporal regions appear to play a 
role in treatment response to CBT. Greater symptom reduction after CBT 
was associated with increased baseline brain activation within the right 
temporal lobe (Norman et al., 2021). Likewise, rsFC in regions in the 
temporal gyri predicted symptom reduction after ERP (Shi et al., 2021). 
Aligning with our result in STG, previous studies also demonstrated an 
association between FC changes involving the STG and CBT treatment 
response (Li et al., 2018, 2024). Moreover, Fan et al. (2017) suggested 
that this structure plays a critical role in modulating insight in OCD, 
most likely because its known role in emotional and social perception.

This finding emphasizes the potential of LN FC as a predictor of 
treatment response and warrants further investigation. Looking forward, 
LN connectivity could serve as a neuroimaging biomarker to identify 
individuals who are likely to benefit most from CBT, allowing clinicians 
to tailor treatments or employ more targeted interventions such as 
neurofeedback or neuromodulation.

Limitations and future directions

There are limitations to our study that should be acknowledged. The 
sample size was relatively small, particularly for the pre-post analyses, 
which could limit the generalizability of our findings. Moreover, we did 
not apply a formal correction for multiple comparisons in the RSN an-
alyses, which may increase the risk of Type I error. However, the 
consistently large effect sizes observed (r ≥ 0.55) suggest that the 
findings may be meaningful, although they should be interpreted with 
caution given the increased likelihood of false positives in the absence of 
correction. Similarly, for the exploratory Pearson correlation analyses, 
corrections were also not employed, further contributing to a potential 
risk of spurious associations. In line with this, results should be inter-
preted with caution.

An additional limitation of this study is the lack of consideration for 
the clinical variability within OCD. As a highly heterogeneous condition 
with several symptom dimensions, individuals with different subtypes 
may present different FC patterns. Findings from Mataix-Cols et al. 
(2004) or Harrison et al. (2013) indicated that OCD symptom di-
mensions are mediated by different components of frontostriatothalamic 
circuits implicated in cognitive and emotion processing. In addition, 
amygdala functional alterations in OCD may be distinctly influenced by 
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specific symptom dimensions, with checking and sexual/religious di-
mensions being associated with increased amygdala activation during 
an emotional face-matching task (Via et al., 2014). More recently, Yu 
and colleagues (2022) found differences in local brain function between 
checking and washing OCD predominantly in the bilateral middle 
frontal gyrus, right supramarginal gyrus, right angular gyrus, and right 
inferior occipital gyrus. As such, future studies should include larger 
sample sizes and perform comprehensive assessments to elucidate on 
patients’ symptom dimensions. Subgroup analyses based on OCD 
symptom dimensions should also be considered, as they could provide 
further insights into the heterogeneity of the disorder and help tailor 
interventions more effectively.

Furthermore, most patients were receiving CBT as well as pharma-
cological treatment making it challenging to disentangle the effects of 
therapy from medication effects. Future studies should focus on drug- 
naïve samples to better understand specific mechanisms related to CBT 
treatment.

Moreover, while we assessed FC immediately after CBT, we did not 
include a follow-up assessment. Longitudinal studies with extended 
follow-up periods are needed to determine the persistence of CBT- 
induced neural alterations and their relationship to long-term clinical 
outcomes.

Lastly, integrating other imaging modalities, such as task-based fMRI 
paradigms, could provide a more comprehensive understanding on this 
topic. Tasks such as symptom provocation or emotion regulation could 
complement the resting-state approach, providing deeper insight into 
how CBT modulates both resting and task-related brain activity in OCD 
patients.

Conclusions

In conclusion, our study highlights rsFC differences between OCD 
patients and controls within HVN, PSN and LN. Our findings not only 
confirm that sensory and cognitive networks beyond the CSTC loop are 
implicated in OCD but also demonstrate that CBT can modulate con-
nectivity within sensory processing networks like the HVN. Continued 
research in this direction is warranted to confirm an expanded model of 
OCD pathophysiology and to refine potential biomarkers of treatment 
response in OCD. Looking forward, our neurobiological findings open 
several avenues for developing targeted therapeutic interventions and 
ultimately for improving outcomes for patients with OCD.
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Markiewicz, C.J., Salo, T., Clark, D., Waskom, M., Wong, J., Modat, M., Dewey, B.E., 
Clark, M.G., Ghosh, S. (2017). Nipype: A flexible, lightweight and extensible 
neuroimaging data processing framework in Python. 0.13.1 (Version 0.13.1) [Computer 
software]. Zenodo. https://doi.org/10.5281/zenodo.581704.

Gürsel, D. A., Avram, M., Sorg, C., Brandl, F., & Koch, K. (2018). Frontoparietal areas link 
impairments of large-scale intrinsic brain networks with aberrant fronto-striatal 
interactions in OCD: A meta-analysis of resting-state functional connectivity. 
Neuroscience and Biobehavioral Reviews, 87, 151–160. https://doi.org/10.1016/j. 
neubiorev.2018.01.016

Harrison, B. J., Pujol, J., Cardoner, N., Deus, J., Alonso, P., López-Solà, M., Contreras- 
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Morgado, P. (2022). Differential patterns of association between resting-state 
functional connectivity networks and stress in OCD patients. Progress in Neuro- 
Psychopharmacology and Biological Psychiatry, 118, Article 110563. https://doi.org/ 
10.1016/j.pnpbp.2022.110563

Rasgon, A., Lee, W. H., Leibu, E., Laird, A., Glahn, D., Goodman, W., & Frangou, S. 
(2017). Neural correlates of affective and non-affective cognition in obsessive 
compulsive disorder: A meta-analysis of functional imaging studies. European 
Psychiatry: The Journal of the Association of European Psychiatrists, 46, 25–32. https:// 
doi.org/10.1016/j.eurpsy.2017.08.001

Reggente, N., Moody, T. D., Morfini, F., Sheen, C., Rissman, J., O’Neill, J., & 
Feusner, J. D. (2018). Multivariate resting-state functional connectivity predicts 
response to cognitive behavioral therapy in obsessive–compulsive disorder. 
Proceedings of the National Academy of Sciences of the United States of America, 115(9), 
2222–2227. https://doi.org/10.1073/pnas.1716686115

Ruscio, A. M., Stein, D. J., Chiu, W. T., & Kessler, R. C. (2010). The epidemiology of 
obsessive-compulsive disorder in the National Comorbidity Survey Replication. 
Molecular Psychiatry, 15(1), 53–63. https://doi.org/10.1038/mp.2008.94

Saxena, S., & Rauch, S. L. (2000). Functional neuroimaging and the neuroanatomy of 
obsessive-compulsive disorder. Psychiatric Clinics of North America, 23(3), 563–586. 
https://doi.org/10.1016/S0193-953X(05)70181-7

See, C. C. H., Tan, J. M., Tan, V. S. Y., & Sündermann, O. (2022). A systematic review on 
the links between emotion regulation difficulties and obsessive-compulsive disorder. 
Journal of Psychiatric Research, 154, 341–353. https://doi.org/10.1016/j. 
jpsychires.2022.07.023

Seeley, W. W., Menon, V., Schatzberg, A. F., Keller, J., Glover, G. H., Kenna, H., 
Reiss, A. L., & Greicius, M. D. (2007). Dissociable intrinsic connectivity networks for 
salience processing and executive control. Journal of Neuroscience, 27(9), 
2349–2356. https://doi.org/10.1523/JNEUROSCI.5587-06.2007

Shi, T. C., Pagliaccio, D., Cyr, M., Simpson, H. B., & Marsh, R. (2021). Network-based 
functional connectivity predicts response to exposure therapy in unmedicated adults 
with obsessive-compulsive disorder. Neuropsychopharmacology: Official Publication of 
the American College of Neuropsychopharmacology, 46(5), 1035–1044. https://doi. 
org/10.1038/s41386-020-00929-9

Shirer, W. R., Ryali, S., Rykhlevskaia, E., Menon, V., & Greicius, M. D. (2011). Decoding 
subject-driven cognitive states with whole-brain connectivity patterns. Cerebral 
Cortex (New York, NY), 22(1), 158. https://doi.org/10.1093/cercor/bhr099

Smith, S. M., Fox, P. T., Miller, K. L., Glahn, D. C., Fox, P. M., Mackay, C. E., Filippini, N., 
Watkins, K. E., Toro, R., Laird, A. R., & Beckmann, C. F. (2009). Correspondence of 
the brain’s functional architecture during activation and rest. Proceedings of the 
National Academy of Sciences, 106(31), 13040–13045. https://doi.org/10.1073/ 
pnas.0905267106

Thorsen, A. L., Hagland, P., Radua, J., Mataix-Cols, D., Kvale, G., Hansen, B., & van den 
Heuvel, O. A (2018). Emotional Processing in Obsessive-Compulsive Disorder: A 
systematic review and meta-analysis of 25 Functional neuroimaging studies. 
Biological Psychiatry. Cognitive Neuroscience and Neuroimaging, 3(6), 563–571. 
https://doi.org/10.1016/j.bpsc.2018.01.009

van den Heuvel, O. A., van Wingen, G., Soriano-Mas, C., Alonso, P., Chamberlain, S. R., 
Nakamae, T., Denys, D., Goudriaan, A. E., & Veltman, D. J. (2016). Brain circuitry of 
compulsivity. European Neuropsychopharmacology, 26(5), 810–827. https://doi.org/ 
10.1016/j.euroneuro.2015.12.005

Via, E., Cardoner, N., Pujol, J., Alonso, P., López-Solà, M., Real, E., Contreras- 
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Pfleiderer, B., Herrmann, M. J., Lang, T., Lotze, M., Deckert, J., Arolt, V., 
Wittchen, H.-U., Straube, B., & Kircher, T. (2019). Effect of CBT on biased semantic 

M. Machado-Sousa et al.                                                                                                                                                                                                                      International Journal of Clinical and Health Psychology 25 (2025) 100585 

8 

https://doi.org/10.1016/j.biopsych.2012.10.006
https://doi.org/10.1016/j.nicl.2015.06.010
https://doi.org/10.1038/s41398-020-01045-4
https://doi.org/10.1038/s41398-020-01045-4
https://doi.org/10.1586/14737175.9.2.255
https://doi.org/10.1586/14737175.9.2.255
https://doi.org/10.1002/brb3.963
https://doi.org/10.1016/j.psychres.2024.115876
https://doi.org/10.1016/j.neubiorev.2022.104574
https://doi.org/10.1001/archpsyc.61.6.564
https://doi.org/10.1016/j.psychres.2009.09.005
https://doi.org/10.3389/fpsyg.2015.00956
https://doi.org/10.3389/fpsyg.2015.00956
https://doi.org/10.1016/j.tics.2011.11.003
https://doi.org/10.1016/j.tics.2011.11.003
https://doi.org/10.1038/tp.2017.192
https://doi.org/10.1038/tp.2017.192
https://doi.org/10.1016/j.neubiorev.2020.07.001
https://doi.org/10.1016/j.neubiorev.2020.07.001
https://doi.org/10.1016/j.pscychresns.2019.06.008
https://doi.org/10.1016/j.pscychresns.2019.06.008
https://doi.org/10.1038/tp.2017.189
https://doi.org/10.1038/tp.2017.189
https://doi.org/10.1176/appi.ajp.2020.19080886
https://doi.org/10.1176/appi.ajp.2020.19080886
https://doi.org/10.1016/j.jpsychires.2012.08.020
https://doi.org/10.1016/j.jpsychires.2012.08.020
https://doi.org/10.1016/j.cpr.2015.06.003
https://doi.org/10.1016/j.cpr.2015.06.003
https://doi.org/10.1093/cercor/bhae327
https://doi.org/10.3389/fpsyt.2022.1063116
https://doi.org/10.3389/fpsyt.2022.1063116
https://doi.org/10.1002/hbm.23408
https://doi.org/10.1016/j.jbtep.2007.10.008
https://doi.org/10.1016/j.jbtep.2007.10.008
https://doi.org/10.1016/j.pnpbp.2022.110563
https://doi.org/10.1016/j.pnpbp.2022.110563
https://doi.org/10.1016/j.eurpsy.2017.08.001
https://doi.org/10.1016/j.eurpsy.2017.08.001
https://doi.org/10.1073/pnas.1716686115
https://doi.org/10.1038/mp.2008.94
https://doi.org/10.1016/S0193-953X(05)70181-7
https://doi.org/10.1016/j.jpsychires.2022.07.023
https://doi.org/10.1016/j.jpsychires.2022.07.023
https://doi.org/10.1523/JNEUROSCI.5587-06.2007
https://doi.org/10.1038/s41386-020-00929-9
https://doi.org/10.1038/s41386-020-00929-9
https://doi.org/10.1093/cercor/bhr099
https://doi.org/10.1073/pnas.0905267106
https://doi.org/10.1073/pnas.0905267106
https://doi.org/10.1016/j.bpsc.2018.01.009
https://doi.org/10.1016/j.euroneuro.2015.12.005
https://doi.org/10.1016/j.euroneuro.2015.12.005
https://doi.org/10.1192/bjp.bp.112.123364
https://doi.org/10.1016/j.janxdis.2014.06.001
https://doi.org/10.1002/da.20820
https://doi.org/10.1002/da.20820
https://doi.org/10.1159/000348582
https://doi.org/10.1159/000348582
https://doi.org/10.1016/j.neuroimage.2014.01.060
https://doi.org/10.1016/j.jad.2018.11.080
https://doi.org/10.1016/j.jad.2018.11.080


network in panic disorder: A multicenter fMRI study using semantic priming. 
American Journal of Psychiatry. https://doi.org/10.1176/appi.ajp.2019.19020202

Yu, J., Xie, M., Song, S., Zhou, P., Yuan, F., Ouyang, M., Wang, C., Liu, N., & Zhang, N. 
(2022). Functional connectivity within the frontal–Striatal network differentiates 
checkers from washers of obsessive-compulsive disorder. Brain Sciences, 12(8), 998. 
https://doi.org/10.3390/brainsci12080998

Zhao, Q., Xu, T., Wang, Y., Chen, D., Liu, Q., Yang, Z., & Wang, Z. (2021). Limbic cortico- 
striato-thalamo-cortical functional connectivity in drug-naïve patients of obsessive- 
compulsive disorder. Psychological Medicine, 51(1), 70–82. https://doi.org/10.1017/ 
S0033291719002988

M. Machado-Sousa et al.                                                                                                                                                                                                                      International Journal of Clinical and Health Psychology 25 (2025) 100585 

9 

https://doi.org/10.1176/appi.ajp.2019.19020202
https://doi.org/10.3390/brainsci12080998
https://doi.org/10.1017/S0033291719002988
https://doi.org/10.1017/S0033291719002988

	Neurobiological correlates of CBT response in OCD through the analysis of resting state networks
	Introduction
	Methods
	Participants
	Instruments
	CBT intervention
	MRI data acquisition and preprocessing
	Independent component analysis
	Statistical analysis

	Results
	Demographic and clinical characteristics
	Independent component analysis (ICA)
	Changes in FC in OCD patients following CBT
	Functional connectivity as a predictor of treatment response in OCD

	Discussion
	Limitations and future directions

	Conclusions
	Funding
	Declaration of competing interest
	Supplementary materials
	References


