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Abstract
Background The function of the insula has been increasingly mentioned in neurocircuitry models of obsessive-
compulsive disorder (OCD) for its role in affective processing and regulating anxiety and its wide interactions with the 
classic cortico-striato-thalamo-cortical circuit. However, the insular resting-state functional connectivity patterns in 
OCD remain unclear. Therefore, we aimed to investigate characteristic intrinsic connectivity alterations of the insula in 
OCD and their associations with clinical features.

Methods We obtained resting-state functional magnetic resonance imaging data from 85 drug-free OCD patients 
and 85 age- and sex-matched healthy controls (HCs). We performed a general linear model to compare the whole-
brain intrinsic functional connectivity maps of the bilateral insula between the OCD and HC groups. In addition, we 
further explored the relationship between the intrinsic functional connectivity alterations of the insula and clinical 
features using Pearson or Spearman correlation analysis.

Results Compared with HCs, patients with OCD exhibited increased intrinsic connectivity between the bilateral 
insula and bilateral precuneus gyrus extending to the inferior parietal lobule and supplementary motor area. 
Decreased intrinsic connectivity was only found between the right insula and bilateral lingual gyrus in OCD patients 
relative to HC subjects, which was negatively correlated with the severity of depression symptoms in the OCD group.

Conclusion In the current study, we identified impaired insular intrinsic connectivity in OCD patients and the 
dysconnectivity of the right insula and bilateral lingual gyrus associated with the depressive severity of OCD patients. 
These findings provide neuroimaging evidence for the involvement of the insula in OCD and suggest its potential role 
in the depressive symptoms of OCD.
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Introduction
Obsessive-compulsive disorder (OCD) is a severe and 
disabling mental disorder characterized by the obsession 
of recurrent, unwanted and intrusive thoughts, images 
or urges (obsessions) and excessively repetitive ritualistic 
behaviors or mental acts that individuals feel compelled 
to perform in response to obsessions according to rigid 
rules or to achieve a sense of completeness (compulsions) 
[1, 2]. The intolerance of uncertainty has been recognized 
as a central psychological mechanism of OCD, especially 
related to checking and repeating compulsions [3]. It 
affects 2.4% of the general population in China and leads 
to a major health-economic burden for affected individu-
als, families and society as a whole [4, 5].

In addition to the classical frontal-striatal circuit, lim-
bic or affective processing regions such as the amygdala, 
insula, and hippocampus and their functional network 
with the classical circuit have been added to the neuro-
imaging model of OCD [6–8]. Compared to other emo-
tion-related brain regions, neuroimaging studies of the 
insula in patients with OCD are lacking even though the 
insula may be closely associated with aversive or uncom-
fortable sensations [9], excessive risk aversion [10] and 
intolerance of uncertainty [11, 12] in OCD patients. Pre-
vious studies have pointed out that the impaired affective 
processing and disrupted emotional regulation of OCD is 
related to dysfunction of the insula, which has been con-
firmed by the overactivation of the insula during affec-
tive tasks or emotional provocation paradigms in OCD 
patients compared to healthy controls [13, 14]. Another 
meta-analysis of fMRI studies from patients with OCD 
showed that this kind of overactivation of the insula dur-
ing emotional processing was more pronounced in OCD 
patients with greater anxiety or with mood comorbidities 
[15]. Furthermore, in a recent study, Fridgeirsson et al. 
[16] explored the functional network changes in the brain 
after deep brain stimulation (DBS) in patients with OCD, 
and they found that the improvement in mood and anxi-
ety symptoms of OCD following DBS was associated with 
reduced amygdala-insular functional connectivity, which 
for the first time elucidated the role of the insula in the 
mechanisms of OCD from an interventional perspective.

In terms of neuroimaging studies, previous studies 
have revealed characteristic increased alterations in the 
structure and local function of the insula in patients with 
OCD [17, 18]. However, relatively few studies have spe-
cifically focused on the whole-brain intrinsic functional 
connectivity of the insula in OCD patients. Resting-state 
functional connectivity analysis is a fundamental method 
for delineating the temporal correlation of spontane-
ous blood oxygenation level-dependent (BOLD) signals 
among spatially distributed brain regions during the rest-
ing state and has been widely used in numerous mental 
or psychiatric disorders due to its relatively reliable and 

reproducible nature [19]. Given that our primary aim 
was to investigate the specific intrinsic functional con-
nectivity patterns of the insula in OCD according to 
the vital role of the insula in the pathophysiology of this 
mental disorder, we decided to perform the seed-based 
resting-state functional connectivity method in the pres-
ent research, which is a well-targeted method to test the 
whole-brain intrinsic connectivity of a specific a priori 
region [20]. In recent years, several studies involving the 
intrinsic functional connectivity of the insula in OCD 
patients yielded inconsistent results [21–25]. However, 
there were some drawbacks in the previous studies, such 
as relatively small sample sizes and more or less subject 
to confounding effects of medication or comorbidity.

Therefore, the objective of the current study was to dis-
cern the altered whole-brain intrinsic connectivity pat-
terns of the insula by recruiting a relatively large sample 
of drug-naïve patients with no comorbidities to exclude 
the confounding effects of medication and comorbidities. 
Based on the previous functional neuroimaging findings 
for the insula in patients with OCD, we hypothesized that 
the intrinsic functional connectivity patterns of the insula 
would be elevated in OCD patients relative to healthy 
controls, and there would be a correlation between the 
abnormal neuroimaging features and the clinical infor-
mation, especially the mood-related indicators.

Methods
Participants
We recruited 85 unmedicated and comorbid-free OCD 
patients from the Mental Health Center, West China 
Hospital, Sichuan University. Two experienced psychia-
trists diagnosed the OCD patients on the basis of the 
Structured Clinical Interview (SCID-I) for the Diagnostic 
and Statistical Manual of Axis I Mental Disorders, fourth 
edition (DSM-IV). The inclusion criteria were as follows: 
[1] age between 18 and 60 years; [2] meeting the DSM-IV 
criteria for OCD; [3] right-handed by the determination 
of Edinburgh Handedness Inventory; and [4] medication-
naïve or had a washout period of at least 4 weeks from 
any treatment before the imaging data were acquired. 
The exclusion criteria were as follows: [1] the existence 
of any other DSM-IV Axis I diagnosis or neurological 
diseases; [2] any history of cardiovascular diseases, meta-
bolic disorders, or other major physical illness; [3] sub-
stance abuse or dependence; [4] pregnancy; and [5] any 
contraindications to MRI scanning.

Of these 85 OCD patients, 71 patients were medica-
tion-naïve. The other 14 patients had received medica-
tion for the treatment of OCD (4 were on clomipramine 
hydrochloride; 3 were on paroxetine hydrochloride; 3 
were on fluoxetine hydrochloride; 3 were on sertraline; 
and 1 was on three types of drugs including clomip-
ramine hydrochloride, paroxetine hydrochloride and 
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quetiapine fumarate), and all of them were medication 
free for at least 4 weeks before the MR scanning. The 
Yale-Brown Obsession-Compulsive Scale (Y-BOCS) 
[26] was used to assess the severity of OCD symptoms. 
Depression and anxiety symptoms were measured by the 
17-item Hamilton Depression Rating Scale (HAMD) [27] 
and 14-item Hamilton Anxiety Rating Scale (HAMA) 
[28], respectively.

In addition, we enrolled 85 age- and sex-matched 
healthy controls (HCs) from the same sociodemographic 
circumstances via poster advertisements and examined 
them with the SCID nonpatient edition. The HC subjects 
and their first-degree relatives were free of any history or 
present neurological disorder or mental disorders.

This study was approved by the Ethics Committee of 
West China Hospital, Sichuan University and the study is 
done in the accordance with the Declaration of Helsinki. 
Each participant provided written informed consent to 
accomplish this study after a complete description of the 
protocol.

MRI data acquisition
All participants were scanned using a 3.0-Tesla GE Signa 
EXCITE scanner equipped with an 8-channel phased-
array head coil. Each subject was positioned comfort-
ably in the coil fitted with soft earplugs and foam pads 
and was instructed to keep his or her eyes closed, remain 
motionless and do not think of any specific topic.

For each individual, we acquired whole-brain rest-
ing-state functional magnetic resonance imaging (rs-
fMRI) data using a gradient-echo echo-planar imaging 
(GRE-EPI) sequence with the following parameters 
[29]: 30 axial slices and volumes in each run = 200, slice 
thickness = 5.0  mm with no slice gap, repetition time 
(TR) = 2000 ms, echo time (TE) = 30 ms, flip angle = 90°, 
the phase encoding direction was anterior to poste-
rior, matrix size = 64 × 64, voxel size = 3.75 × 3.75 × 5 
mm3 and field of view (FOV) = 240 × 240 mm2. The rs-
fMRI scans in the current study did not use field maps. 
The total acquisition time of the GRE-EPI images was 
approximately 6.67  min (400  s). Additionally, high-
resolution T1-weighted 3D anatomical images were 
obtained with the following parameters: contiguous 
coronal slices = 156; slice thickness = 1.0  mm; TR = 8.5 
ms; TE = 3.4 ms; flip angle = 12°; matrix size = 256 × 256, 
voxel size = 0.94 × 0.94 × 1 mm3 and field of view 
(FOV) = 240 × 240 mm2.

Imaging preprocessing
The rs-fMRI data preprocessing was performed by the 
Data Processing and Analysis for Brain Imaging tool-
kit (DPABI, version 6.0, http://rfmri.org/dpabi) [30]. For 
each participant, the first 10 time points were discarded 
in consideration of signal equilibrium and adaptation to 

the scanning environment. The remaining images were 
corrected for acquisition time intervals between slices 
and for head motion between volumes. To control for 
the head motion, we performed the motion correction 
strategies using the mean framewise displacement (FD) 
approach proposed by previous studies [31, 32], which is 
a higher-level Friston-24 parameter model [33], includ-
ing 6 head motion parameters, the previous time point 
of 6 head motion parameters, and the 12 correspond-
ing squared items. The mean FD values were calculated 
from the translational and rotational scan-to-scan dis-
placements using three translational parameters and 
three rotational parameters obtained from realignment 
steps for each subject. Participants were only included 
when their rs-fMRI images met the criteria of < 1.5 mm 
of spatial movement and < 1.5 degrees of rotation in any 
direction and a mean FD value < 0.2  mm. After head 
movement correction and quality control, no participant 
was excluded in either the OCD group or the HC group. 
Then, these images were spatially normalized to the stan-
dard Montreal Neurological Institute (MNI) space, and 
each voxel was resampled to 3 × 3 × 3 mm3 using unified 
segmentation of individual T1 images[34]. The processed 
images were smoothed with a full width at half maximum 
(FWHM) Gaussian kernel of 6  mm. Additionally, we 
regressed out the head motion parameters, white matter 
and cerebrospinal fluid (CSF) signals to reduce the effects 
of nonneuronal BOLD fluctuations. Finally, temporal 
bandpass filtering (0.01–0.08 Hz) was utilized to decrease 
the impact of high-frequency physiological noise and 
very low-frequency drift.

Seed-based functional connectivity analysis
To explore the abnormal resting-state functional con-
nectivity of the insula to the voxels of the whole brain 
between the OCD and HC groups. We selected the bilat-
eral insula as the seed regions of interest (ROIs) using the 
AAL atlas (Fig. 1).

Seed-based resting-state functional connectivity analy-
sis was performed using the Resting-State fMRI Data 
Analysis Toolkit software package (RESTplus, version 
1.24, http://resting-fmri.sourceforge.net. sourceforge.
net). First, the regional time series averaged across all 
voxels within each seed were extracted. Then, Pearson’s 
correlation analysis of the time series was performed 
between the seed reference and the whole brain in a 
voxel-wise manner to obtain the intrinsic functional con-
nectivity maps of each seed region for all participants. 
Finally, the subject-level correlation maps were z scored 
using Fisher r-to-z transformation before taking the aver-
age across subjects for further group-level analysis.

http://rfmri.org/dpabi
http://resting-fmri.sourceforge.net
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Statistical analysis
Group comparisons
General linear model (GLM) was carried out to identify 
the distinct resting-state functional connectivity patterns 
of insula between OCD and HC groups, with the age, sex, 
and head motion as the covariates in SPM12 (https://
www.fil.ion.ucl.ac.uk/spm/). The significance threshold 
was set as P < 0.005 (uncorrected) at the voxel level and 
a familywise error (FWE) corrected P < 0.025 (0.05/2) at 
the cluster level [35, 36], since between-group compari-
sons of functional connectivity maps were separately per-
formed with two seed ROIs on the left and right insula. 
Furthermore, to explore the possible effects of previ-
ous drug exposure on the functional connectivity of the 
insula, we excluded 14 patients who had a history of pre-
vious medication and performed a secondary group com-
parison between medication-naïve OCD patients and the 
HC group using the same method. In addition, statistical 
analysis of sociodemographic and clinical data was per-
formed using SPSS 24 (SPSS, Inc., Chicago, IL). A two-
sample t test was used for continuous variables, and the 
chi-square test was used for categorical variables when 
comparing the group differences in sociodemographic 
data between the two groups (P < 0.05).

Correlation analysis
The exploratory correlation analysis of the intrinsic func-
tional connectivity strength extracted from the regions 
showing significant group differences with the duration 
of illness, age of onset, symptom severity measured by 
Y-BOCS (including obsession and compulsion subscale), 
as well as HAMD and HAMA scores in the OCD group 
were performed to determine whether the insular rsFC 
abnormalities were correlated with the clinical charac-
teristics. After the linear correlation conditional tests, 
including the Kolmogorov‒Smirnova normal distribution 
test, for variables that met the normal distribution and 
linear condition, we used the Pearson correlation, and 
those that did not meet the conditions we used the Spear-
man correlation. An FDR q value < 0.05 was considered 

statistically significant for multiple comparisons in this 
correlation analysis. (P < 0.05, corrected with FDR).

Results
The sociodemographic and clinical characteristics of the 
OCD and HC groups are provided in Table 1. There were 
no significant differences in age (t = 0.670, P = 0.504), sex 
(χ2=-0.156, P = 0.876) or head motion (t=-1.407, P = 0.161) 
between the two groups.

The results of two-sample t test analyses comparing the 
seed-based resting-state functional connectivity of insula 
between OCD and HC groups and the exploratory cor-
relation analysis with clinical characteristics were as fol-
lows (Fig. 2; Table 2).

Group comparison
Left insular intrinsic functional connectivity
Compared to the HC group, patients with OCD showed 
significantly increased positive intrinsic functional con-
nectivity of the left insula and a large cluster including 
the bilateral precuneus gyrus extending to the inferior 

Table 1 Demographic Characteristics
Characteristic Group, mean ± SD Statistics

OCD (N = 85) HC (N = 85) t/χ2 P 
value

Age (years) 29.18 ± 8.71 28.16 ± 10.85 0.670 0.504

Sex (M/F) 52/33 51/34 -0.156 0.876

Head motion (mm) 0.047 ± 0.028 0.052 ± 0.021 -1.407 0.161

Age of onset (years) 22.08 ± 7.18 - - -

Illness of duration 
(years)

7.09 ± 5.38 - - -

Y-BOCS-Total score 21.54 ± 5.47 - - -

Y-BOCS-Obsession 
score

13.06 ± 5.27 - - -

Y-BOCS-Compulsion 
score

8.48 ± 5.34 - - -

HAMD-17 9.32 ± 4.76 - - -

HAMA-14 9.32 ± 5.32 - - -
Abbreviations: OCD: obsessive-compulsive disorder; HC: healthy control; SD: 
standard deviation; HAMD-17: 17-item Hamilton Depression Rating Scale; 
HAMA-14: 14-item Hamilton Anxiety Rating Scale; Y-BOCS: Yale-Brown 
Obsessive Compulsive Scale

Fig. 1 The seed region of the insula per hemisphere in the Anatomical Automatic Labeling (AAL) atlas

https://www.fil.ion.ucl.ac.uk/spm/
https://www.fil.ion.ucl.ac.uk/spm/
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parietal lobule. Additionally, we found another signifi-
cantly enhanced positive intrinsic functional connectivity 
of the left insula and right supplementary motor area in 
OCD patients relative to HCs.

Right insular intrinsic functional connectivity
In patients with OCD, we observed a significant increase 
in the positive resting-state functional connectivity 

between the right insula and the bilateral precuneus/
inferior parietal lobule and supplementary motor area. 
Furthermore, the OCD patients displayed significantly 
reduced positive intrinsic functional connectivity of the 
right insula and bilateral lingual gyrus compared to HCs.

Table 2 Two-sample t-test results of the whole-brain intrinsic functional connectivity of bilateral insula between the OCD and HC 
groups
Seed Region Area BA L/R Voxels MNI T peak-values Puncorrected PFWE−corrected

X Y Z
Left insula

OCD > HC Precuneus/Inferior Parietal Lobule 31/7 L&R 982 -15 -54 42 5.83 0.000 0.000*

Supplementary motor area 6 R 242 15 -6 57 3.84 0.001 0.019*

Right insula

OCD > HC Precuneus/Inferior Parietal Lobule 31/7 L&R 970 -15 -54 42 5.35 0.000 0.000*

Supplementary motor area 6 L&R 439 -15 -15 54 5.45 0.000 0.000*

OCD < HC Lingual Gyrus 30/19 L&R 346 36 -42 3 4.04 0.000 0.002*
Abbreviations: OCD: obsessive-compulsive disorder; HC: healthy control; BA: Brodmann areas; MNI: Montreal Neurological Institute; R: right; L: left; FWE: familywise 
error correction 

* P < 0.025 with FWE correction.

Fig. 2 (A). Significantly group-specific regions in intrinsic FC with the insula between the OCD and HC groups. Regions with increased intrinsic FC are 
shown in red, and those with decreased intrinsic FC are shown in blue. (B) The violin plot represents the intrinsic FC of the insula with each significant 
region in the OCD and HC groups. (*PFWE−corrected < 0.05, ** PFWE−corrected < 0.01) (Abbreviations: PCUN: precuneus; SMA: supplementary motor area; LING: 
lingual gyrus; rsFC: resting-state functional connectivity; OCD: obsessive-compulsive disorder; HC: healthy control; FWE: family-wise error.)
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Secondary analysis of medication-naïve OCD patients
After excluding 14 OCD patients with a history of pre-
vious medication, the results of the group comparisons 
between medication-naïve OCD patients (N = 71) and 
HC subjects (N = 85) were similar to the primary results 
from the whole OCD patient group (Supplementary Fig-
ure S1).

Correlation analysis
Via correlation analysis, we revealed that OCD patients 
demonstrated a trend of correlation between the 
decreased intrinsic functional connectivity of the right 
insula and bilateral lingual gyrus and the increased 
HAMD scores (r=-0.219, P = 0.044, uncorrected) (Fig. 3).

Discussion
In the current study, using the seed-based resting-state 
functional connectivity method, we revealed distinct pat-
terns of intrinsic insular functional connectivity altera-
tions in OCD. There were two main findings in this study. 
First, compared to the HC group, patients with OCD 
showed significantly increased intrinsic functional con-
nectivity between the bilateral insula with a large cluster 
including the bilateral precuneus gyrus extending to the 
inferior parietal lobule and another cluster supplemen-
tary motor area. Significantly decreased intrinsic func-
tional connectivity was found only between the right 
insula and bilateral lingual gyrus in OCD patients rela-
tive to HC, which was negatively correlated with HAMD 
scores rather than YBCOS scores in the OCD group. Our 
findings indicated the involvement of aberrant insular 
intrinsic connectivity in OCD patients, and more impor-
tantly, the dysconnectivity of insula may be related to the 

depressive symptoms rather than the obsession or com-
pulsory manifestation in OCD.

Hyperconnectivity of the bilateral insula and precuneus
Relative to the HC group, the OCD patients showed 
increased intrinsic functional connectivity between the 
bilateral insula and bilateral precuneus extending to 
the inferior parietal lobule. The precuneus and inferior 
parietal lobule are both important core regions of the 
default mode network for integrating and processing 
self-referential information [37, 38]. Because the symp-
toms of OCD are triggered mostly by internal intrusive 
thoughts or images rather than external stimuli [39], 
OCD patients have been reported to have difficulties 
with the deactivation of the DMN at rest [40]. In addi-
tion, a previous study of static spontaneous brain activity 
also revealed increased amplitudes of low frequency fluc-
tuation (ALFF) in the insula and precuneus [41]. Greater 
intrinsic connectivity between the insula and the precu-
neus or inferior parietal lobule in OCD patients has been 
reported in several fMRI studies [25, 42, 43], which was 
consistent with our results.

Hyperconnectivity of the bilateral insula and 
supplementary motor area
Patients with OCD demonstrated enhanced intrinsic 
connectivity of the bilateral insula and supplementary 
motor area compared with HC subjects. The supple-
mentary motor area, which may be associated with the 
deficient inhibitory control of compulsory or obses-
sive behavior, has been found to be hyperactive in OCD 
patients according to prior studies [44, 45]. In a previous 
structural study, researchers found a thicker cortex in the 

Fig. 3 The correlation analysis results of the mean FC values between the right insula and bilateral lingual gyrus and clinical variables in the OCD group. 
Higher scores of the HAMD-17 (P = 0.044, r=-0.219) were correlated with lower intrinsic rsFC of right insula and bilateral lingual gyrus. The shaded area sur-
rounding the line represents the 95% confidence interval. (Abbreviations: OCD: obsessive-compulsive disorder; HAMD-17: 17-item Hamilton Depression 
Rating Scale; rsFC: resting-state functional connectivity.)
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presupplementary motor area and right anterior insula in 
OCD patients [46]. In addition, several prior task-fMRI 
studies demonstrated that OCD patients exhibited lon-
ger inhibitory control reactive time and more inhibitory 
control errors than healthy controls and overactivation 
in the supplementary motor area, presupplementary 
motor area and anterior insula/frontal operculum during 
error processing, as well as deactivation of the anterior 
insula/frontal operculum and supplementary motor area 
regions during inhibitory control tasks, which may be an 
underlying neuroimaging mechanism of impaired inhibi-
tory control performance in OCD [47, 48]. Combined 
with the previous findings, our result of higher intrinsic 
functional connectivity of the insula and SMA might be 
speculatively associated with the deficits of inhibitory 
control to OCD-related behaviors. However, one recent 
study performed by the OCD consortium including 
large samples of patients reported a hypoconnectivity 
between the insula and the SMA [49]. This inconsistency 
to our findings may be due to the differences of sample 
characteristics. The OCD consortium performed mega-
analysis by collecting independent samples from different 
research institutes, and the included patients were varied 
in clinical characteristic including age range, medica-
tion and various severity of symptoms. In contrast, the 
participants in our study were the comorbidity-free and 
unmedicated adult patients with relatively mild OCD 
symptoms (YBOCS = 21.54 < = 25), thus the results of our 
current may represent the functional brain mechanism 
underlying the pathophysiology of such OCD patients.

Hypoconnectivity of the right insula and lingual gyrus
Significantly decreased intrinsic connectivity of the right 
insula and bilateral lingual gyrus was observed in OCD 
patients compared to HCs. The lingual gyrus is located 
in the visual cortex region and may contribute to emo-
tional perception during visual stimulation and the fur-
ther processing of complex visual information [50, 51]. In 
addition to involving deficits in cognitive and behavioral 
inhibitory control, OCD is also recognized to be associ-
ated with visual processing impairments [52], which may 
be related to abnormalities in the lingual gyrus. Altera-
tions in the brain structures of the lingual gyrus have 
been reported in several studies, such as a thinner cor-
tex and a smaller surface area of the lingual gyrus [53, 
54]. Another morphological meta-analysis revealed that 
the gray matter volume changes in the lingual gyrus and 
motor regions were more specific to OCD than to schizo-
phrenia- and autism-spectrum disorders [55]. In previous 
rs-fMRI studies, researchers observed a lower centrality 
degree of the lingual gyrus [56, 57], and the ALFF val-
ues were found to be increased in the insular cortex but 
decreased in the lingual gyrus of OCD patients, which 
was associated with symptom severity [41, 58]. These 

abnormal local activity patterns could be normalized by 
coping through cognitive therapy [59].

Interestingly, we further observed that there was a 
trend of correlation between the reduced intrinsic con-
nectivity of the right insula and lingual gyrus and the 
enhanced severity of depressive symptoms rather than 
OCD-related symptoms in the OCD group. Previous 
studies have reported reduced insular volume in OCD 
patients with comorbid depression [60], and the activity 
of the lingual gyrus could distinguish OCD patients from 
controls during multi-emotion analysis [61]. This find-
ing suggested that we should not neglect the role of the 
insula and lingual gyrus in the depressive symptoms of 
OCD in future studies. However, the association of right 
insula-lingual gyrus connectivity and depressive symp-
toms in OCD group did not survive multiple comparison 
correction and should be interpreted with caution.

Limitations
The current study has several features that merit con-
sideration in the interpretation of the results. First, our 
study had a cross-sectional design and was unable to 
investigate the long-term changes in insular connectiv-
ity patterns and the effects before and after treatments 
in OCD patients. In the future, longitudinal studies need 
to be performed to explore the functional connectivity of 
the same ROIs at baseline and after first-line treatments 
for OCD and verify the engagement of these regions in 
pharmacological and behavioral treatments. Second, 
our current results were derived from a single study, 
and future studies in unmedicated OCD samples with 
no comorbidities or comorbidities limited to depressive 
disorders are needed to replicate and validate our find-
ings. Third, the correlation between the altered intrinsic 
connectivity of the insula and clinical features should 
be treated with caution, as they did not survive FDR 
correction for multiple comparisons. Note that these 
results still provide valuable insights that there is a trend 
for depressive symptoms in OCD to be associated with 
dysconnectivity of the insula, which could guide future 
research. Finally, this study used the entire insula region 
as the seed. However, several studies have implicated the 
distinct functions of different insular subregions [62]. In 
future studies, the intrinsic connectivity patterns of finer-
grained insular subfields should be further explored in 
OCD to extend our study.

Conclusion
Using the seed-based resting-state connectivity approach, 
our present research identified alterations in the intrin-
sic connectivity patterns of the insula in OCD patients 
compared to healthy controls. We found that increased 
insular intrinsic functional connectivity mainly located in 
the bilateral precuneus gyrus and supplementary motor 
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area, and decreased intrinsic connectivity only between 
the right insula and bilateral lingual gyrus, which was 
associated with the severity of depressive symptoms in 
OCD patients. Our findings provide the neuroimaging 
evidence for a pathophysiological role of the insula in 
OCD and suggest that future studies focusing on depres-
sive manifestation in patients with OCD should consider 
the role of the insula in this regard.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12888-022-04341-z.

Supplementary Material 1: Supplementary Figure S1

Acknowledgements
The authors would like to thank all participants who helped in this study.

Author contributions
ZZ and BL conceived and designed the study. CQ, XH and QG supervised the 
conduct of the study. BL, JJ and HL are responsible for data acquisition. ZZ, HL, 
and LC analyzed the neuroimaging and clinical data. SZ and YG performed the 
statistical analysis. ZZ, BL and XH assisted with the related literature search. ZZ 
and BL drafted the initial manuscript, and HL, LZ, CQ, XH reviewed and revised 
the manuscript. All the authors read and approved the final manuscript.

Funding
This study was supported by grants from 1.3.5 Project for Disciplines of 
Excellence, West China Hospital, Sichuan University (Grant No. ZYJC21041), 
Clinical and Translational Research Fund of Chinese Academy of Medical 
Sciences (Grant No. 2021-I2M-C&T-B-097) and National Key R&D Program of 
China (Grant No. 2022YFF1202400).

Data availability
The datasets used and analyzed during the current study are available from 
the corresponding author on a reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of West China Hospital, 
Sichuan University and the study is done in the accordance with the 
Declaration of Helsinki. Each participant provided written informed consent to 
accomplish this study after a complete description of the protocol.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflicts of interest in this work.

Author details
1Huaxi MR Research Center (HMRRC), Functional and Molecular Imaging 
Key Laboratory of Sichuan Province, Department of Radiology, West 
China Hospital of Sichuan University, No.37 Guo Xue Xiang,  
610041 Chengdu, China
2Department of Psychiatry, West China Hospital of Sichuan University, 
Chengdu, China
3Mental Health Center and Psychiatric Laboratory, West China Hospital of 
Sichuan University, 610041 Chengdu, China
4Psychoradiology Research Unit of the Chinese Academy of Medical 
Science (2018RU011), West China Hospital of Sichuan University, 
Chengdu, China
5Frontiers Science Center for Disease-related Molecular Network, West 
China Hospital of Sichuan University, Chengdu, China

Received: 1 September 2022 / Accepted: 26 October 2022

References
1. Robbins TW, Vaghi MM, Banca P. Obsessive-Compulsive Disorder: Puzzles and 

Prospects. Neuron. 2019;102(1):27–47.
2. Stein DJ, Costa DLC, Lochner C, Miguel EC, Reddy YCJ, Shavitt RG, van den 

Heuvel OA, Simpson HB. Obsessive-compulsive disorder. Nat Rev Dis Primers. 
2019;5(1):52.

3. Pinciotti CM, Riemann BC, Abramowitz JS. Intolerance of uncertainty and 
obsessive-compulsive disorder dimensions. J Anxiety Disord. 2021;81:102417.

4. Huang Y, Wang Y, Wang H, Liu Z, Yu X, Yan J, Yu Y, Kou C, Xu X, Lu J, et al. Preva-
lence of mental disorders in China: a cross-sectional epidemiological study. 
Lancet Psychiatry. 2019;6(3):211–24.

5. Yang W, Tang Z, Wang X, Ma X, Cheng Y, Wang B, Sun P, Tang W, Luo J, 
Wang C, et al. The cost of obsessive-compulsive disorder (OCD) in China: 
a multi-center cross-sectional survey based on hospitals. Gen Psychiatr. 
2021;34(6):e100632.

6. Harrison BJ, Pujol J, Cardoner N, Deus J, Alonso P, Lopez-Sola M, Contreras-
Rodriguez O, Real E, Segalas C, Blanco-Hinojo L, et al. Brain corticostriatal sys-
tems and the major clinical symptom dimensions of obsessive-compulsive 
disorder. Biol Psychiatry. 2013;73(4):321–8.

7. Jung WH, Kang DH, Kim E, Shin KS, Jang JH, Kwon JS. Abnormal corticostri-
atal-limbic functional connectivity in obsessive-compulsive disorder during 
reward processing and resting-state. Neuroimage Clin. 2013;3:27–38.

8. van den Heuvel OA, van Wingen G, Soriano-Mas C, Alonso P, Chamberlain SR, 
Nakamae T, Denys D, Goudriaan AE, Veltman DJ. Brain circuitry of compulsiv-
ity. Eur Neuropsychopharmacol. 2016;26(5):810–27.

9. Brown C, Shahab R, Collins K, Fleysher L, Goodman WK, Burdick KE, Stern ER. 
Functional neural mechanisms of sensory phenomena in obsessive-compul-
sive disorder. J Psychiatr Res. 2019;109:68–75.

10. Luigjes J, Figee M, Tobler PN, van den Brink W, de Kwaasteniet B, van Wingen 
G, Denys D. Doubt in the Insula: Risk Processing in Obsessive-Compulsive 
Disorder. Front Hum Neurosci. 2016;10:283.

11. Simmons A, Matthews SC, Paulus MP, Stein MB. Intolerance of uncertainty 
correlates with insula activation during affective ambiguity. Neurosci Lett. 
2008;430(2):92–7.

12. Tolin DF, Abramowitz JS, Brigidi BD, Foa EB. Intolerance of uncertainty in 
obsessive-compulsive disorder. J Anxiety Disord. 2003;17(2):233–42.

13. Rasgon A, Lee WH, Leibu E, Laird A, Glahn D, Goodman W, Frangou S. Neural 
correlates of affective and non-affective cognition in obsessive compulsive 
disorder: A meta-analysis of functional imaging studies. Eur Psychiatry. 
2017;46:25–32.

14. Ravindran A, Richter M, Jain T, Ravindran L, Rector N, Farb N. Functional con-
nectivity in obsessive-compulsive disorder and its subtypes. Psychol Med. 
2020;50(7):1173–81.

15. Thorsen AL, Hagland P, Radua J, Mataix-Cols D, Kvale G, Hansen B, van den 
Heuvel OA. Emotional Processing in Obsessive-Compulsive Disorder: A 
Systematic Review and Meta-analysis of 25 Functional Neuroimaging Studies. 
Biol Psychiatry Cogn Neurosci Neuroimaging. 2018;3(6):563–71.

16. Fridgeirsson EA, Figee M, Luigjes J, van den Munckhof P, Schuurman PR, van 
Wingen G, Denys D. Deep brain stimulation modulates directional limbic 
connectivity in obsessive-compulsive disorder. Brain. 2020;143(5):1603–12.

17. Carlisi CO, Norman LJ, Lukito SS, Radua J, Mataix-Cols D, Rubia K. Comparative 
Multimodal Meta-analysis of Structural and Functional Brain Abnormalities in 
Autism Spectrum Disorder and Obsessive-Compulsive Disorder. Biol Psychia-
try. 2017;82(2):83–102.

18. Zhu Y, Fan Q, Zhang H, Qiu J, Tan L, Xiao Z, Tong S, Chen J, Li Y. Altered 
intrinsic insular activity predicts symptom severity in unmedicated obsessive-
compulsive disorder patients: a resting state functional magnetic resonance 
imaging study. BMC Psychiatry. 2016;16:104.

19. Woodward ND, Cascio CJ. Resting-State Functional Connectivity in Psychiatric 
Disorders. JAMA Psychiatry. 2015;72(8):743–4.

20. Wu L, Caprihan A, Bustillo J, Mayer A, Calhoun V. An approach to directly link 
ICA and seed-based functional connectivity: Application to schizophrenia. 
NeuroImage. 2018;179:448–70.

21. Xia J, Fan J, Liu W, Du H, Zhu J, Yi J, Tan C, Zhu X. Functional connectivity 
within the salience network differentiates autogenous- from reactive-type 

http://dx.doi.org/10.1186/s12888-022-04341-z
http://dx.doi.org/10.1186/s12888-022-04341-z


Page 9 of 9Zhou et al. BMC Psychiatry          (2022) 22:742 

obsessive-compulsive disorder. Prog Neuropsychopharmacol Biol Psychiatry. 
2020;98:109813.

22. Beucke JC, Sepulcre J, Eldaief MC, Sebold M, Kathmann N, Kaufmann C. 
Default mode network subsystem alterations in obsessive-compulsive disor-
der. Br J Psychiatry. 2014;205(5):376–82.

23. Eng GK, Collins KA, Brown C, Ludlow M, Tobe RH, Iosifescu DV, Stern ER. 
Relationships between interoceptive sensibility and resting-state functional 
connectivity of the insula in obsessive-compulsive disorder. Cereb Cortex 
2022.

24. Fan J, Zhong M, Zhu X, Gan J, Liu W, Niu C, Liao H, Zhang H, Yi J, Tan C. 
Resting-state functional connectivity between right anterior insula and right 
orbital frontal cortex correlate with insight level in obsessive-compulsive 
disorder. Neuroimage Clin. 2017;15:1–7.

25. Tomiyama H, Murayama K, Nemoto K, Hasuzawa S, Mizobe T, Kato K, Matsuo 
A, Ohno A, Kang M, Togao O, et al. Alterations of default mode and cingulo-
opercular salience network and frontostriatal circuit: A candidate endophe-
notype of obsessive-compulsive disorder. Prog Neuropsychopharmacol Biol 
Psychiatry. 2022;116:110516.

26. Goodman WK, Price LH, Rasmussen SA, Mazure C, Fleischmann RL, Hill CL, 
Heninger GR, Charney DS. The Yale-Brown Obsessive Compulsive Scale. I. 
Development, use, and reliability. Arch Gen Psychiatry. 1989;46(11):1006–11.

27. Hamilton M. Development of a rating scale for primary depressive illness. Br J 
Soc Clin Psychol. 1967;6(4):278–96.

28. Hamilton M. The assessment of anxiety states by rating. Br J Med Psychol. 
1959;32(1):50–5.

29. Nichols TE, Das S, Eickhoff SB, Evans AC, Glatard T, Hanke M, Kriegeskorte N, 
Milham MP, Poldrack RA, Poline JB, et al. Best practices in data analysis and 
sharing in neuroimaging using MRI. Nat Neurosci. 2017;20(3):299–303.

30. Yan CG, Wang XD, Zuo XN, Zang YF. DPABI: Data Processing & Analysis for 
(Resting-State) Brain Imaging. Neuroinformatics. 2016;14(3):339–51.

31. Power JD, Barnes KA, Snyder AZ, Schlaggar BL, Petersen SE. Steps toward 
optimizing motion artifact removal in functional connectivity MRI; a reply to 
Carp. NeuroImage. 2013;76:439–41.

32. Yan CG, Cheung B, Kelly C, Colcombe S, Craddock RC, Di Martino A, Li Q, Zuo 
XN, Castellanos FX, Milham MP. A comprehensive assessment of regional 
variation in the impact of head micromovements on functional connec-
tomics. NeuroImage. 2013;76:183–201.

33. Friston KJ, Williams S, Howard R, Frackowiak RS, Turner R. Movement-related 
effects in fMRI time-series. Magn Reson Med. 1996;35(3):346–55.

34. Ashburner J, Friston KJ. Unified segmentation. NeuroImage. 
2005;26(3):839–51.

35. Hayasaka S, Nichols TE. Validating cluster size inference: random field and 
permutation methods. NeuroImage. 2003;20(4):2343–56.

36. Woo CW, Krishnan A, Wager TD. Cluster-extent based thresholding in fMRI 
analyses: pitfalls and recommendations. NeuroImage. 2014;91:412–9.

37. Andrews-Hanna JR, Smallwood J, Spreng RN. The default network and self-
generated thought: component processes, dynamic control, and clinical 
relevance. Ann N Y Acad Sci. 2014;1316(1):29–52.

38. Utevsky AV, Smith DV, Huettel SA. Precuneus is a functional core of the 
default-mode network. J Neurosci. 2014;34(3):932–40.

39. Clark DA, Inozu M. Unwanted intrusive thoughts: Cultural, contextual, 
covariational, and characterological determinants of diversity. J Obsessive-
Compulsive Relat Disorders. 2014;3(2):195–204.

40. Gonçalves ÓF, Soares JM, Carvalho S, Leite J, Ganho-Ávila A, Fernandes-Gon-
çalves A, Pocinho F, Carracedo A, Sampaio A. Patterns of Default Mode Net-
work Deactivation in Obsessive Compulsive Disorder. Sci Rep. 2017;7:44468.

41. Lei H, Huang L, Li J, Liu W, Fan J, Zhang X, Xia J, Zhao K, Zhu X, Rao H. Altered 
spontaneous brain activity in obsessive-compulsive personality disorder. 
Compr Psychiatry. 2020;96:152144.

42. Peng ZW, Xu T, He QH, Shi CZ, Wei Z, Miao GD, Jing J, Lim KO, Zuo XN, Chan 
RC. Default network connectivity as a vulnerability marker for obsessive 
compulsive disorder. Psychol Med. 2014;44(7):1475–84.

43. Stern ER, Fitzgerald KD, Welsh RC, Abelson JL, Taylor SF. Resting-state func-
tional connectivity between fronto-parietal and default mode networks in 
obsessive-compulsive disorder. PLoS ONE. 2012;7(5):e36356.

44. Johansen-Berg H, Behrens TE, Robson MD, Drobnjak I, Rushworth MF, Brady 
JM, Smith SM, Higham DJ, Matthews PM. Changes in connectivity profiles 
define functionally distinct regions in human medial frontal cortex. Proc Natl 
Acad Sci U S A. 2004;101(36):13335–40.

45. Mantovani A, Rossi S, Bassi BD, Simpson HB, Fallon BA, Lisanby SH. Modula-
tion of motor cortex excitability in obsessive-compulsive disorder: an 

exploratory study on the relations of neurophysiology measures with clinical 
outcome. Psychiatry Res. 2013;210(3):1026–32.

46. Wagner G, Köhler S, Peikert G, de la Cruz F, Reess TJ, Rus OG, Schultz CC, Koch 
K, Bär KJ. Checking and washing rituals are reflected in altered cortical thick-
ness in obsessive-compulsive disorder. Cortex. 2019;117:147–56.

47. Norman LJ, Taylor SF, Liu Y, Radua J, Chye Y, De Wit SJ, Huyser C, Karahano-
glu FI, Luks T, Manoach D, et al. Error Processing and Inhibitory Control in 
Obsessive-Compulsive Disorder: A Meta-analysis Using Statistical Parametric 
Maps. Biol Psychiatry. 2019;85(9):713–25.

48. Tomiyama H, Murayama K, Nemoto K, Tomita M, Hasuzawa S, Mizobe T, 
Kato K, Ohno A, Tsuruta S, Togao O, et al. Increased functional connectivity 
between presupplementary motor area and inferior frontal gyrus associated 
with the ability of motor response inhibition in obsessive-compulsive disor-
der. Hum Brain Mapp. 2022;43(3):974–84.

49. Bruin WB, Abe Y, Alonso P, Anticevic A, Balachander S, Bargallo N, Batistuzzo 
MC, Benedetti F, Triquell SB, Calesella SB, et al: The functional connectome 
in obsessive-compulsive disorder: resting-state mega-analysis and machine 
learning classification for the ENIGMA-OCD consortium. PsyArXiv 2022.

50. de Gelder B, Tamietto M, Pegna AJ, Van den Stock J. Visual imagery influences 
brain responses to visual stimulation in bilateral cortical blindness. Cortex. 
2015;72:15–26.

51. Stern ER, Muratore AF, Taylor SF, Abelson JL, Hof PR, Goodman WK. Switching 
between internally and externally focused attention in obsessive-compulsive 
disorder: Abnormal visual cortex activation and connectivity. Psychiatry Res 
Neuroimaging. 2017;265:87–97.

52. Gonçalves OF, Marques TR, Lori NF, Sampaio A, Branco MC. Obsessive-
compulsive disorder as a visual processing impairment. Med Hypotheses. 
2010;74(1):107–9.

53. Shin YW, Yoo SY, Lee JK, Ha TH, Lee KJ, Lee JM, Kim IY, Kim SI, Kwon JS. 
Cortical thinning in obsessive compulsive disorder. Hum Brain Mapp. 
2007;28(11):1128–35.

54. Venkatasubramanian G, Zutshi A, Jindal S, Srikanth SG, Kovoor JM, Kumar JK, 
Janardhan Reddy YC. Comprehensive evaluation of cortical structure abnor-
malities in drug-naïve, adult patients with obsessive-compulsive disorder: a 
surface-based morphometry study. J Psychiatr Res. 2012;46(9):1161–8.

55. Cauda F, Costa T, Nani A, Fava L, Palermo S, Bianco F, Duca S, Tatu K, Keller R. 
Are schizophrenia, autistic, and obsessive spectrum disorders dissociable on 
the basis of neuroimaging morphological findings?: A voxel-based meta-
analysis. Autism Res. 2017;10(6):1079–95.

56. Yu XM, Qiu LL, Huang HX, Zuo X, Zhou ZH, Wang S, Liu HS, Tian L. Com-
parison of resting-state spontaneous brain activity between treatment-
naive schizophrenia and obsessive-compulsive disorder. BMC Psychiatry. 
2021;21(1):544.

57. Li X, Li H, Jiang X, Li J, Cao L, Liu J, Xing H, Huang X, Gong Q. Characterizing 
multiscale modular structures in medication-free obsessive-compulsive 
disorder patients with no comorbidity. Hum Brain Mapp. 2022;43(7):2391–9.

58. Zhao HZ, Wang CH, Gao ZZ, Ma JD, Huang P, Li HF, Sang DE, Shan XW, Kou 
SJ, Li ZR, et al. Effectiveness of cognitive-coping therapy and alteration of 
resting-state brain function in obsessive-compulsive disorder. J Affect Disord. 
2017;208:184–90.

59. Ma JD, Wang CH, Huang P, Wang X, Shi LJ, Li HF, Sang DE, Kou SJ, Li 
ZR, Zhao HZ, et al. Effects of short-term cognitive-coping therapy on 
resting-state brain function in obsessive-compulsive disorder. Brain Behav. 
2021;11(4):e02059.

60. Cardoner N, Soriano-Mas C, Pujol J, Alonso P, Harrison BJ, Deus J, 
Hernandez-Ribas R, Menchon JM, Vallejo J. Brain structural correlates of 
depressive comorbidity in obsessive-compulsive disorder. NeuroImage. 
2007;38(3):413–21.

61. Fontenelle LF, Frydman I, Hoefle S, Oliveira-Souza R, Vigne P, Bortolini TS, Suo 
C, Yucel M, Mattos P, Moll J. Decoding moral emotions in obsessive-compul-
sive disorder. Neuroimage Clin. 2018;19:82–9.

62. Deen B, Pitskel NB, Pelphrey KA. Three systems of insular functional connec-
tivity identified with cluster analysis. Cereb Cortex. 2011;21(7):1498–506.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Abnormal resting-state functional connectivity of the insula in medication-free patients with obsessive-compulsive disorder
	Abstract
	Introduction
	Methods
	Participants
	MRI data acquisition
	Imaging preprocessing
	Seed-based functional connectivity analysis
	Statistical analysis
	Group comparisons
	Correlation analysis


	Results
	Group comparison
	Left insular intrinsic functional connectivity
	Right insular intrinsic functional connectivity
	Secondary analysis of medication-naïve OCD patients


	Discussion
	Hyperconnectivity of the bilateral insula and precuneus
	Hyperconnectivity of the bilateral insula and supplementary motor area
	Hypoconnectivity of the right insula and lingual gyrus

	Limitations
	Conclusion
	References


