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Abstract: Background: Obsessive-compulsive disorder (OCD) is a psychiatric disorder with high clin-
ical heterogeneity manifested by the presence of obsessions and/or compulsions. The classification
of the symptom dimensional subtypes is helpful for further exploration of the pathophysiological
mechanisms underlying the clinical heterogeneity of OCD. Washing and checking symptoms are the
two major symptom subtypes in OCD, but the neural mechanisms of the different types of symptoms
are not yet clearly understood. The purpose of this study was to compare regional and network
functional alterations between washing and checking OCD based on resting-state functional magnetic
resonance imaging (rs-fMRI). Methods: In total, 90 subjects were included, including 15 patients
in the washing group, 30 patients in the checking group, and 45 healthy controls (HCs). Regional
homogeneity (ReHo) was used to compare the differences in regional spontaneous neural activity
among the three groups, and local indicators were analyzed by receiver operating characteristic
(ROC) curves as imaging markers for the prediction of the clinical subtypes of OCD. Furthermore,
differently activated local brain areas, as regions of interest (ROIs), were used to explore differences
in altered brain functioning between washing and checking OCD symptoms based on a functional
connectivity (FC) analysis. Results: Extensive abnormalities in spontaneous brain activity involving
frontal, temporal, and occipital regions were observed in the patients compared to the HCs. The
differences in local brain functioning between checking and washing OCD were mainly concentrated
in the bilateral middle frontal gyrus, right supramarginal gyrus, right angular gyrus, and right inferior
occipital gyrus. The ROC curve analysis revealed that the hyperactivation right middle frontal gyrus
had a better discriminatory value for checking and washing OCD. Furthermore, the seed-based FC
analysis revealed higher FC between the left medial superior frontal gyrus and right caudate nucleus
compared to that in the healthy controls. Conclusions: These findings suggest that extensive local
differences exist in intrinsic spontaneous activity among the checking group, washing group, and
HCs. The neural basis of checking OCD may be related to dysfunction in the frontal–striatal network,
which distinguishes OCD from washing OCD.

Keywords: obsessive-compulsive disorder; symptom subtypes; resting-state functional magnetic
resonance imaging; ROC curve

1. Introduction

Obsessive-compulsive disorder (OCD) is a heterogeneous mental disorder with a
lifetime prevalence of approximately 2–3% worldwide [1,2]. OCD is characterized by the
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presence of obsessions and/or compulsions. However, OCD patients often manifest differ-
ent clinical symptoms. Inconsistent findings of previous genetic and neurobiological studies
have been attributed to the heterogeneous nature of OCD phenotypes [3]. Therefore, in
order to better understand and treat OCD, the subtypes of OCD have been divided to obtain
clinical subgroups with better consistency. For the present study, the symptom dimensions,
dysfunctional beliefs, comorbidity, age of onset, response to treatment, genetic vulnerability,
and other clinical characteristics were used as an indicator of subgroup classification. The
method used to classify clinical subgroups based on the symptom dimension is the most
widely used. Based on a factor analysis, the following five consistent OCD subtypes were
identified: contamination/washing, symmetry/ordering, doubt/aggression/checking,
somatic/religious/sexual mental compulsions, and hoarding [4]. Distinguishing homo-
geneous subtypes of symptom to construct the multidimensional OCD model may be
facilitate to the etiology of OCD.

The most common OCD symptoms are the washing and checking dimensions, which
are also the most widely investigated symptoms [5]. The checking dimension involves
intrusive thoughts related to pathological doubt and harm and repeated checking behaviors
to reduce uncertainty, prevent harm, or diminish feelings that things are not just right [6].
In general, the broader definition of checking compulsion is behavior characterized by
repeatedly seeking assurance from others or asking for much information support to
repeatedly verify ideas before making a decision [7]. OCD patients with checking symptoms
tend to present excessive uncertainty and pathological doubt in symptom-related events,
which may be related to a dysfunction in logical reasoning [8,9]. Distrust of sensory
information/self-doubt is also an important feature of OCD individuals with checking
symptoms [10]. OCD patients with washing symptoms are generally characterized by the
presence of contamination-related obsessions and cleaning behaviors due to the fear of
contamination. Some studies have also noted that disgust plays an important role in the
symptomatology of OCD, especially in relation to OCD patients with washing themes [11].
Disgust can trigger aversion behavior and the tendency to avoid an uncomfortable stimulus.
More importantly, there is an assessment process of the potential harm of objects before the
appearance of an aversive response, and OCD patients with washing symptoms may have
dysfunction in this process, leading to the overestimation of the threat of contaminants and
the consequences of exposure [12]. Such an inappropriate cognitive assessment may prompt
OCD patients to perform avoidance or compulsion (e.g., excessive cleaning behavior) to
temporarily alleviate anxiety and further negatively reinforce compulsion [13]. Therefore,
disgust may be related to the development and maintenance of OCD [14].

The pathophysiology of the different symptom dimensions of OCD is not fully under-
stood. Previous neuroimaging studies have found that checking and washing OCD depend
on distinct neurobiological substrates. The dorsal prefrontal cortex, anterior cingulate cor-
tex, putamen, and amygdala are hyperactivated in association with washing OCD [15–17].
However, hyperactivation in the inferior frontal cortex, insula, parahippocampal regions,
and right caudate is associated with washing OCD [18–23]. In general, checking OCD
may be closely related to the frontal cortical network, whereas washing OCD is related to
the frontal limbic network [24]. However, as the neural mechanisms of OCD have been
studied in depth, studies have increasingly reported additional brain regions associated
with cleaning and checking dimensional symptoms. A recent meta-analysis reported that
the right orbitofrontal cortex, bilateral anterior cingulate cortex, left middle occipital gyrus,
and right caudate body were more highly activated in washing OCD patients than in con-
trols [25]. Another study also reported that the activity and connectivity of motor cortices
were elevated in checking OCD [26]. The inconsistent findings across previous studies
exploring the neural mechanisms of different symptom dimensions in OCD patients may
be due to the use of the methods of task provocation, inconsistent criteria for classifying
symptom subgroups, task-specific relevant brain area activation, and small sample sizes.
Further research is still needed to construct a multidimensional model of OCD based on
neuroimaging approaches to explain the underlying symptom subtypes.
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Resting-state functional magnetic resonance imaging (rs-fMRI) can reflect deficits
in the intrinsic or disease-related neural activity of patients with psychiatric disorders
and may be useful in revealing the pathology of neuropsychiatric disorders [27]. Regional
homogeneity (ReHo) reflects the regional synchronization of spontaneous brain activity [28].
Functional connectivity (FC), an important indicator to of global properties of brain function,
can reveal the collaborative relationship of spontaneous neuronal activity in different brain
regions [29]. It has been suggested that functional brain activity can be explored in terms
of functional segmentation and functional integration based on a single rs-fMRI signal to
explore dysfunction of brain regions and by tracing the correlation between all rs-fMRI
signals to explore the multiple brain regions synergistic effects [30]. Moreover, the local and
global functional characteristics of the resting-state brain function are highly closely linked,
such that regional brain dysfunction found by abnormal ReHo may cause abnormalities in
FC between regional brain regions [31,32]. Therefore, the use of these rs-fMRI measures to
obtain information on functional brain activity from two dimensions of local brain activity
and functional connectivity may reveal the pathophysiological mechanisms of psychiatric
disorders in a more comprehensive and in-depth manner.

In this study, we used regional homogeneity (ReHo) to compare the differences in local
spontaneous neural activity among checking OCD patients, washing OCD patients, and
healthy controls based on resting-state functional magnetic resonance imaging (rs-fMRI),
and receiver operating characteristic (ROC) curves were used to analyze the sensitivity
and specificity of local indicators as imaging markers for the prediction of OCD clinical
subtypes and disease targets. The ROIs of abnormal local spontaneous brain activity were
identified. A seed-based functional connectivity (seed-based FC) analysis was used to
explore the differences in functional alterations between checking and washing OCD. We
attempt to explain the possible neural mechanisms of different symptomatic subtypes of
OCD in multiple dimensions from local functional properties to global functional network
properties and provide a basis for understanding the disease mechanisms and clinical
diagnosis. In view of previous findings, we hypothesized that checkers and washers
have distinct neural mechanisms regulated by different brain networks as follows: the
checking subtype is regulated by the frontal subcortical network, and the washing subtype
is regulated by the frontal limbic network.

2. Methods
2.1. Participants

The OCD patients (n = 45) were clinical outpatients recruited between July 2020 and
February 2022 from the OCD clinic, Department of Medical Psychology of Nanjing Brain
Hospital, affiliated with Nanjing Medical University. We recruited patients using the
following inclusion criteria: (1) primary diagnosis of OCD by an experienced psychiatrist
according to the Diagnostic and Statistical Manual of Mental Disorders (Fifth edition,
DSM−5), (2) confirmation of OCD diagnosis using the Mini-International Neuropsychiatric
Interview (MINI), (3) score ≥ 16 on the Yale–Brown Obsessive-Compulsive Scale (Y-BOCS),
(4) an age of 13–55 years, and (5) junior high school education or above. The exclusion
criteria were as follows: (1) current comorbid schizophrenia, (2) neurological disorders
and severe somatic disorders, (3) pregnancy and/or breastfeeding, (4) severe suicidal
self-injurious behavior or at risk of suicide attempts, and (5) inability to complete MRI.

Healthy controls (HCs, n = 45) matched for gender, age, and education were recruited
through internet advertisements and posters in the community. We used the following
inclusion criteria for the HCs: (1) an age of 13–55 years, (2) people who volunteered
to participate in the study, and (3) junior high school education or above. In addition,
MINI was used to exclude psychiatric disorders in HCs. The exclusion criteria were as
follows: (1) neurological disorders and severe physical illnesses, (2) a family history of any
psychiatric disorders and neuropsychiatric disorders, (3) a history of taking psychotropic
drugs or psychoactive substances within the past three months, (4) pregnancy and/or
breastfeeding, (5) severe suicidal self-injurious behavior or at risk of suicide attempts,
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and (6) inability to complete MRI. This study (No. 2020-KY208.01) was approved by the
Research Ethics Committee at Nanjing Brain Hospital, Nanjing Medical University, and
informed consent was obtained from each subject.

2.2. Clinical Measures and Quality Control

After diagnosis, a self-reported demographic questionnaire was used to collect the
general information of all participants, including their age, gender, education level, history
of smoking and drinking, family history, history of physical illness, duration of illness,
history of psychotropic medication, and history of psychotherapy. Furthermore, the severity
of OC symptoms and the symptom profile of each patient were clinically evaluated by
using Y-BOCS [33]. The Obsessive-Compulsive Inventory-Revised (OCI-R) was used by the
patient themselves to identify the severity of the different symptom dimensions of OCD [34].
The severity of anxiety and depression symptoms was assessed by the Beck Anxiety
Inventory (BAI) and Beck Depression Inventory (BDI) of each patient, respectively [35].
Previous literature showed that the above scales have great validity and reliability [36–39].

To establish the composition of the assessment team, a psychiatry senior title clinician
served as the supervisor of the team who regularly trained and consistently evaluated the
team members, followed by the completion of other relevant assessment scales by residents
who were uniformly trained and passed a consistent evaluation.

2.3. Clinical Subtype Classification

The Yale–Brown Obsessive-Compulsive Scale Checklist (YBOCS-SC) and the method
of symptom typing for OCD by Murayama [16] were used to ascertain the symptoms
present in the patients. Patients with checking symptoms, including dimensions of symp-
toms other than washing, were included in the checking subgroup. Patients with washing
symptoms, including dimensions of symptoms other than checking, were included in the
washing subgroup. If a patient had symptoms of cleaning/checking and other dimen-
sions, we differentiated only one major symptom according to the OCI-R scores of each
dimension [40]. For example, in the checking subgroup, checking symptoms had to be
the most serious problem for the patient, and other dimensions of symptoms could not
be scored higher than the checking dimension. In addition, patients with the following
conditions were excluded from this study: (1) both doubt/aggression/checking and con-
tamination/washing symptoms and (2) other dimensional symptoms that were considered
to be the most serious problems. The OCD subtypes were finally identified by two experi-
enced psychiatrists. Ultimately, 30 patients were included in the checking subgroup, and
15 patients were included in the washing subgroup.

2.4. fMRI Scanning

The MRI data were acquired using a Siemens 3.0 T scanner at the Department of Radi-
ology, Nanjing Medical University Affiliated Nanjing Brain Hospital. All participants were
in the supine position with their eyes closed in an awake, relaxed, and calm state during
the scan. Moreover, the head was fixed with a sponge pad to reduce error caused by head
movement, and earplugs were provided to reduce the perceived noise. The rs-fMRI data
were acquired using an echo-planar imaging (EPI) sequence with the following parameters:
repetition time (TR) = 2000 ms, echo time (TE) = 40 ms, field of view (FOV) = 240 × 240 mm,
matrix = 64 × 64, flip angle (FA) = 90◦, 36 slices, slice thickness = 4 mm, spacing between
slices = 4 mm, and 240 volumes. T1-weighted anatomical images were obtained via the
echo-planar imaging sequence (TR = 1900 ms, TE = 2.48 ms, FOV = 240 × 240 mm, ma-
trix = 256 × 256, FA = 9◦, 36 slices, slice thickness = 1 mm, spacing between slices = 0.5 mm,
and 240 volumes).

2.5. MRI Data Preprocessing

All resting-state data were preprocessed using the Statistical Parametric Mapping
(SPM12, http://www.fil.ion.ucl.ac.uk/spm, accessed on 11 March 2022) and RESTplus

http://www.fil.ion.ucl.ac.uk/spm
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(http://restfmri.net/forum/restplus, accessed on 11 March 2022) software packages in the
MATLAB toolbox. The above two software packages were added to “Set Path” in MATLAB
2013b. First, we sorted the raw data into T1, BOLD, and DWI by using REST DICOM
Sorter in the RESTplus software. Then, we set the time points to “240” and TR to “2” in
the RESTplus software and preprocessed the data as follows: (1) data format conversion
from DICOM to NIFTI, (2) removal of the first 10 points, (3) slice timing, (4) realignment
for head motion correction, (5) normalization by DARTEL using T1 image new segment,
(6) smoothing, (7) detrending, (8) nuisance covariate regression of head motion signal,
white matter signal, and cerebrospinal fluid signal, and (9) filtering. Participants with head
motion exceeding 3 mm or 3◦ were excluded.

2.6. ReHo Analysis

The preprocessing process for the ReHo analysis included steps 1, 2, 3, 4, 5, 7, 8, and
9. Unsmoothed preprocessed data were used to calculate individual ReHo maps by the
Kendall coefficient of harmony (KCC), which indicates the synchronization of the time
series of the measured voxel with those of its neighboring 26 adjacent voxels. Subsequently,
the individual KCC map of each voxel was divided by the whole-brain mean KCC for
standardization, and finally, the SmKCCReHo maps obtained by spatial smoothing the
standardized individual ReHo maps with a Gaussian kernel of 6-mm FWHM were used
for the subsequent statistical analyses [28].

2.7. Seed-Based FC Calculation

The preprocessing process for the FC analysis included steps 1, 2, 3, 4, 5, 6, 7, 8, and 9.
FC was analyzed by using a seed-based correlation analysis. Dysfunctional brain regions in
the patients with the checking and washing subtypes of OCD were distinguished according
to the results of the ReHo analysis, and abnormal regions > 20 voxels in the ANOVA were
selected as regions of interest (ROIs). The FC map was obtained by a Pearson correlation
analysis of the time series of the ROI with the time series of each brain voxel. Finally, the
correlation coefficient “r” was transformed into Z values obeying a normal distribution
using Fisher’s R-to-Z transformation [41].

2.8. Statistical Analysis

Regarding the demographic and clinical characteristics, the continuous variables
were compared by a one-way ANOVA, and the categorical variables were compared by a
chi-squared test. In addition, a two-sample t test was used to compare the OCD subgroups.

The statistical comparisons of ReHo and FC among the three groups were performed
using a one-way ANOVA of the second level of a random effects analysis in SPM12.
Subsequently, two-sample t tests were conducted between each pair of three groups to
further identify the differences in each group. Age, sex, and education level were controlled
as covariates in the ANOVA and post hoc test. Statistical inferences were made at the
Gaussian random fields (GRF), voxel p < 0.001, and Cluster p < 0.05.

A receiver operating characteristic (ROC) curve was used to classify the ReHo val-
ues of different brain regions among the three groups. Brain regions with identification
value were also included as ROIs for further FC analysis. In addition, we explored the
relationship between ReHo and FC values with the clinical characteristics of OCD by using
a correlation analysis.

3. Results
3.1. Demographic and Clinical Characteristics

Table 1 presents the demographic and clinical characteristics of the checking OCD,
washing OCD, and HC groups. Age, sex, and education level did not significantly differ
among the three groups. The Y-BOCS total, Y-BOCS compulsions, OCI-R washing, and OCI-
R checking significantly differed between the patient groups. No significant differences

http://restfmri.net/forum/restplus
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between the checking and washing groups were found in the assessment of the other
clinical characteristics.

Table 1. Demographic and clinical characteristics of all participants.

Variable Checkers Washers HCs F/χ2/t p
(n = 30) (n = 15) (n = 45)

Gender (male/female) 19/11 7/8 22/23 1.830 0.400 a

Age (years) 28.57 ± 8.007 27.80 ± 7.702 25.91 ± 3.854 1.763 0.178 b

Education (years) 15.67 ± 2.454 14.87 ± 2.924 15.89 ± 1.526 1.291 0.280 b

Duration of illness > 5 years, n (%) 13 (43.3) 6 (40.0) - 5.698 0.337 a

Y-BOCS total 21.43 ± 5.876 25.40 ± 5.124 - −2.223 0.032 c

Y-BOCS obsessions 11.27 ± 2.935 12.87 ± 2.875 - −1.735 0.090 c

Y-BOCS compulsions 10.17 ± 3.649 12.53 ± 2.416 - −2.269 0.028 c

OCI-R total 23.47 ± 11.001 28.33 ± 8.304 - −1.509 0.139 c

OCI-R washing 2.57 ± 2.622 9.80 ± 2.111 - −9.271 0.000 c

OCI-R hoarding 2.57 ± 3.081 2.27 ± 2.344 - 0.331 0.742 c

OCI-R ordering 3.37 ± 3.102 3.07 ± 2.738 - 0.318 0.752 c

OCI-R checking 5.50 ± 3.170 3.00 ± 2.619 - 2.634 0.012 c

BAI 13.70 ± 7.525 15.47 ± 11.728 - −0.613 0.543 c

BDI 14.53 ± 8.025 19.47 ± 12.065 - −1.433 0.176 c

Abbreviation: Y-BOCS, Yale–Brown Obsessive-Compulsive Scale; OCI-R, Obsessive Compulsive Inventory–
Revised; BAI, Beck Anxiety Inventory; BDI, Beck Depression Inventory; a Pearson’s chi-squared test, b permutation
ANOVA, c two-sample t test.

The distribution of the symptom dimensions, comorbidities, and treatment history
are shown in Table 2. In the checking group, 21 (70.0%) patients currently had other
dimensional symptoms, including 12 (40.0%) patients with ordering symptoms, 1 (3.3%)
patient with religious/sexual symptoms, one (3.3%) patient with hoarding symptoms, six
(20.0%) patients with ordering and sexual/religious symptoms, and one (3.3%) patient with
ordering, sexual/religious, and hoarding symptoms. In the washing group, five (33.3%)
patients had other dimensional symptoms, including five (33.3%) patients with ordering
symptoms and one (3.0%) patient with ordering and sexual/religious symptoms. Regarding
the use of medication, in the checking group, 21 (70.0%) patients were previously or
currently treated with medication, and 10 (33.3%) patients were drug-naïve. In the washing
group, eight (53.3%) patients were previously or currently treated with medication, and
seven (46.7%) patients were drug-naïve. Regarding the psychotherapy situation, 17 (56.7%)
patients in the checking group had received psychotherapy, while none of the patients in
the washing group had received psychotherapy. Finally, regarding comorbidities, nine
(30.0%) patients had other psychiatric disorders in the checking group, including one
(3.3%) patient with comorbid bipolar disorder (BP), one (3.3%) patient with comorbid
BP, generalized anxiety disorder (GAD), and social anxiety disorder (SAD), three (10.0%)
patients with comorbid MDD, one (3.0%) patient with comorbid MDD and SAD, and three
(10.0%) patients with comorbid GAD, while only three (20.0%) patients with comorbid
MDD were included in the washing group.
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Table 2. Distribution of symptom dimensions, treatment history, and comorbidities in the patients.

Variable Checkers Washers

Distribution of Symptom Present (n = 21) Past (n = 7) Present (n = 6) Past (n = 3)
washing - 5 - -
checking - - - 3
ordering 19 4 6 -

sexual/religious 8 1 1 -
hoarding 2 - - -

Medication n = 12 n = 13 n = 3 n = 6
SSRIs (n = 11) SSRIs (n = 15) SSRIs (n = 3) SSRIs (n = 6)
SNRIs (n = 1) SNRIs (n = 1)

Psychotherapy n = 16 n = 0
Comorbidity BP = 2, MDD = 4, GAD = 4, SAD = 4 MDD = 3

Abbreviation: SSRIs, selective serotonin reuptake inhibiting antidepressants; SNRIs, serotonin and noradrenaline
reuptake inhibiting antidepressants; BP, bipolar disorder; MDD, major depressive disorder; GAD, generalized
anxiety disorder; SAD, social anxiety disorder.

3.2. ReHo

The one-way ANOVA revealed significant differences in the ReHo maps among the
three groups in the right superior frontal gyrus, left medial superior frontal gyrus, left
inferior frontal gyrus, bilateral middle frontal gyrus, bilateral precuneus, left inferior
parietal gyrus, left middle occipital gyrus, right precentral gyrus, right postcentral gyrus,
and left supplementary motor area (Figure 1 and Table 3 for details). A post hoc test of three
groups showed that compared with the HCs, the washing OCD group showed increased
ReHo values in the left middle frontal gyrus, left inferior frontal gyrus, bilateral precuneus,
right supramarginal gyrus, and left inferior parietal gyrus, while there were decreased
values in the bilateral postcentral gyrus; the checking OCD group showed increased ReHo
values in the right superior frontal gyrus, right medial orbital frontal gyrus, left medial
superior frontal gyrus, bilateral precuneus, left angular gyrus, left inferior parietal gyrus,
left middle occipital gyrus, left supplementary motor area, and the right Vermis, and
decreased ReHo values in the bilateral middle temporal gyrus, left middle occipital gyrus,
right precentral gyrus, and right postcentral gyrus. Compared with the washing OCD
group, the checking OCD group showed increased ReHo values in the right middle frontal
gyrus and decreased ReHo values in the left middle frontal gyrus, right supramarginal
gyrus, right angular gyrus, and right inferior occipital gyrus (see Figure 2 and Table 4
for details).

Table 3. ANOVA differences in the ReHo values among the three groups.

MNI
x, y, z Voxels F Side Brain Region

CL1 −48, 15, 18 12 17.3371 L inferior frontal gyrus
CL2 −36, −69, 24 14 19.83114 L middle occipital gyrus
CL3 60, −6, 21 11 10.8797 R postcentral gyrus
CL4 36, 12, 39 10 14.4576 R middle frontal gyrus
CL5 18, −63, 48 17 16.4027 R precuneus
CL6 −9, 36, 39 22 12.6563 L medial superior frontal gyrus
CL7 −12, −60, 39 24 18.7764 L precuneus
CL8 21, 18, 42 11 13.9385 R superior frontal gyrus
CL9 −27, −45, 48 12 13.076 L inferior parietal gyrus
CL10 −30, 3, 51 11 16.1396 L middle frontal gyrus
CL11 −9, 6, 51 13 14.7148 L supplementary motor area
CL12 39, −12, 57 11 11.5019 R precentral gyrus

Abbreviations: CL, cluster; MNI, Montreal Neurological Institute space; L, left; R, right. The significance threshold
was set at voxel p < 0.001 and Cluster p < 0.05 with GRF correction.
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Table 4. Post hoc comparisons of differences in the ReHo values among the three groups.

MNI
x, y, z Voxels T Values Side Brain Region

Checker > Washers
CL1 36, 12, 39 20 5.1965 R middle frontal gyrus

Checker < Washers
CL1 48, −81, −9 12 −4.1982 R inferior occipital gyrus
CL2 54, −39, 27 13 −4.5237 R supramarginal gyrus
CL3 24, −60, 45 11 −5.0666 R angular gyrus
CL4 −30, 3, 51 15 −5.0536 L middle frontal gyrus

Checkers > HCs
CL1 0, −75, −24 16 4.7627 R vermis
CL2 9, 66, −12 10 4.4357 R medial orbital frontal gyrus
CL3 15, −48, 15 13 5.0067 R precuneus
CL4 −39, −69, 24 19 5.8556 L middle occipital gyrus
CL5 −9, 36, 39 41 4.9037 L medial superior frontal gyrus
CL6 −42, −60, 36 13 4.2971 L angular gyrus
CL7 −12, −60, 42 13 4.9284 L precuneus
CL8 21, 18, 42 18 5.2585 R superior frontal gyrus
CL9 −27, −45, 48 11 4.9786 L inferior parietal gyrus
CL10 −9, 6, 51 33 5.1527 L supplementary motor area

Checkers < HCs
CL1 −48, −27, −3 12 −4.885 L middle temporal gyrus
CL2 −48, −75, −6 19 −4.1681 L middle occipital gyrus
CL3 45, −69, 6 15 −4.0421 R middle temporal gyrus
CL4 51, −21, 54 17 −4.7041 R postcentral gyrus
CL5 39, −12, 57 16 −4.4824 R precentral gyrus
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Table 4. Cont.

MNI
x, y, z Voxels T Values Side Brain Region

Washers > HCs
CL1 −45, 15, 18 14 5.8462 L inferior frontal gyrus
CL2 51, −30, 33 10 4.1435 R supramarginal gyrus
CL3 −27, −51, 39 10 4.6492 L inferior parietal gyrus
CL4 −12, −60, 39 39 5.1497 L precuneus
CL5 6, −45, 42 25 4.1893 R precuneus
CL6 18, −63, 48 23 5.6277 R precuneus
CL7 −30, 3, 51 19 5.3576 L middle frontal gyrus

Washers < HCs
CL1 57, −6, 24 21 −4.2078 R postcentral gyrus
CL2 −51, −6, 24 10 −4.2393 L postcentral gyrus

Abbreviations: CL, cluster; MNI, Montreal Neurological Institute space; L, left; R, right. The significance threshold
was set at voxel p < 0.001 and Cluster p < 0.05 with GRF correction.
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Figure 2. Post hoc comparisons of differences in the ReHo values among the checking group, washing
group, and healthy controls. (A) Brain regions showing ReHo differences between the checking
group and washing group. (B) Brain regions showing ReHo differences between the checking group
and HCs. (C) Regions showing ReHo differences between the washing group and HCs. Warm colors
show brain areas with increased ReHo values, while cool colors show decreased ReHo values.
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3.3. ROC Curve Analysis

An ROC curve analysis was further performed to evaluate the identification value
of ReHo of the ROIs obtained by ANOVA among the three groups and the brain regions
that differed between the checking group and washing group. The results of the ROC
curve analysis showed that (1) the ReHo values of the right middle frontal gyrus had a
sensitivity of 90.0% and a specificity of 80.0% in the identification of checkers and washers;
(2) the ReHo values of the left medial superior frontal gyrus had a sensitivity of 80.0% and
a specificity of 80.0% in the identification of checkers and HCs; (3) the ReHo values of the
left precuneus had a sensitivity of 73.3% and a specificity of 68.9% in the identification of
checkers and HCs; and (4) the ReHo values of the left precuneus had a sensitivity of 80.0%
and a specificity of 86.7% in the identification of washers and HCs (see Figures 3–5, and
Table 5 for details).
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Table 5. ROC curves of ReHo differential brain regions distinguished among the three groups.

Group Brain Region AUC Demarcation Sensitivity Specificity

Checkers Frontal-Mid-R 0.904 0.9140 90% (27/30) 80% (12/15)
Vs. SupraMarginal-R 0.187 - - -

Washers Occipital-Inf-R 0.153 - - -
Frontal-Mid-L 0.147 - - -

Angular-R 0.116 - - -
Checkers vs. HCs Frontal_Sup_Medial_L 0.829 0.9768 80% (24/30) 80% (36/45)

Precuneus_L 0.764 1.1370 73.3% (22/30) 68.9% (31/45)
Washers vs. HCs Precuneus_L 0.849 1.1973 80% (24/30) 86.7% (39/45)

Abbreviations: Frontal-Mid-R, right middle frontal gyrus; SupraMarginal-R, right supramarginal gyrus; Occipital-
Inf-R, right inferior occipital gyrus; Frontal-Mid-L, left middle frontal gyrus; Angular-R, right angular gyrus;
Frontal_Sup_Medial_L, left medial superior frontal gyrus; Precuneus_L, left precuneus; AUC, area under the
ROC curve.
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Figure 5. ROC curve analysis of ReHo differential brain regions between the checking group and HCs.

In summary, the ReHo values of the right middle frontal gyrus had a better discrimi-
natory value for checking OCD and washing OCD. We also used the right middle frontal
gyrus as ROI 3 for further FC analysis of the difference between checking and washing OCD.
In addition, the ReHo values of the left medial superior frontal gyrus and left precuneus
had a better discriminatory value for checking OCD and HCs, and the left precuneus had
better discriminatory value for washing OCD and HCs; thus, the left precuneus may be
important for distinguishing OCD patients from HCs.

3.4. Functional Connectivity

The ANOVA showed significant differences in the FC maps among the checking
group, washing group, and HCs in the left medial superior frontal gyrus (ROI 1) and the
right caudate. No differences in whole-brain functional connectivity were found in the left
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precuneus (ROI 2) among the three groups. A post hoc test of the three groups showed that
the OCD patients showed higher FC between the left medial superior frontal gyrus and the
right caudate than the HCs (see Figure 6 and Table 6 for details). In addition, based on the
findings of the ROC curve analysis, the functional connectivity of the right middle frontal
gyrus (ROI 3) showed differences between the checking and washing groups (see Table 6
for details).
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Table 6. Brain regions showing functional connectivity differences based on the three ROIs among
the checking group, washing group, and HC group.

Seeds Group MNI
x, y, z Voxels T Values Side Brain Region

Frontal_Sup_Medial_L Checkers > HCs 12, 15, 15 14 13.1601 R caudate
Precuneus_L - - - - - -

Frontal_Mid_R Checkers > Washers

48, −66, −48 4 3.9659 R cerebelum_crus2
−51, −36, −18 4 4.7955 L inferior temporal gyrus

2 L middle temporal gyrus
12, 66, −18 3 4.5508 R superior orbital frontal gyrus

−63, −48, −15 1 3.6373 L inferior temporal gyrus
−48, −3, 21 1 3.5563 L precentral gyrus

36, 12, 39 4 4.7987 R middle frontal gyrus
−12, 27, 42 1 3.5606 L superior frontal gyrus

Checkers < Washers 33, 33, −9 1 −3.6343 R inferior orbital frontal gyrus

Abbreviations: Frontal_Sup_Medial_L, left medial superior frontal gyrus; Precuneus_L, left precuneus;
Frontal_Mid_R, right middle frontal gyrus; MNI, Montreal Neurological Institute space; L, left; R, right. The
significance threshold was set at voxel p < 0.001 and Cluster p < 0.05 with GRF correction.

3.5. Correlation Analysis

In the checking group, the ReHo values of the left precuneus were positively correlated
with the OCI-R hoarding dimension (r = 0.461, p = 0.016; uncorrected) and BAI (r = 0.449,
p = 0.019; uncorrected). There were no significant correlations between the FC and clinical
characteristics in the OCD subgroup (see Figure 7 and Table 7 for details).



Brain Sci. 2022, 12, 998 13 of 20

Table 7. Analysis of the correlation between the ReHo and FC values with clinical scores in the checking and washing groups [r (p)].

Y-BOCS ** OCI-R *

ReHo Brain Region Total Obsessions Compulsions Total Washing Hoarding Ordering Checking BAI * BDI *

Checkers Left medial superior
frontal gyrus

−0.172
(0.364)

0.035
(0.856)

−0.284
(0.128)

−0.059
(0.770)

−0.072
(0.720)

−0.267
(0.179)

0.023
(0.908)

−0.026
(0.898)

0.276
(0.163)

0.250
(0.208)

Left precuneus 0.267
(0.154)

0.299
(0.108)

0.152
(0.423)

0.263
(0.185)

0.255
(0.199)

0.461
(0.016)

0.140
(0.486)

−0.106
(0.598)

0.449
(0.019)

0.176
(0.380)

Washers Left medial superior
frontal gyrus

−0.353
(0.197)

−0.161
(0.568)

−0.450
(0.092)

−0.006
(0.986)

−0.051
(0.876)

0.299
(0.344)

0.195
(0.544)

−0.287
(0.367)

0.200
(0.533)

0.312
(0.324)

Left precuneus −0.337
(0.220)

−0.220
(0.431)

−0.441
(0.100)

0.113
(0.727)

0.086
(0.791)

0.365
(0.244)

0.304
(0.337)

−0.229
(0.475)

0.200
(0.533)

−0.043
(0.894)

FC
Checkers

ROI 1- Right caudate −0.038
(0.842)

0.095
(0.616)

−0.051
(0.790)

−0.138
(0.492)

−0.206
(0.303)

−0.100
(0.621)

0.025
(0.900)

−0.092
(0.648)

−0.263
(0.184)

−0.028
(0.888)

Note: *, Pearson correlation analysis; **, Spearman correlation analysis. Abbreviation: ReHo, regional homogeneity, FC, functional connectivity; Y-BOCS, Yale–Brown Obsessive-
Compulsive Scale; OCI-R, Obsessive-Compulsive Inventory–Revised; BAI, Beck Anxiety Inventory; BDI, Beck Depression Inventory; ROI 1, left medial superior frontal gyrus.
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Figure 7. Bias correlation analysis between the left precuneus ReHo values and the OCI-R hoarding
dimension and BAI.

4. Discussion

In this study, we compared spontaneous brain activity among the washing OCD,
checking OCD, and HC groups based on resting-state fMRI techniques and further inves-
tigated symptom-specific brain network imaging markers by comparing the functional
connectivity characteristics of the two types of patients from the perspective of functional
brain networks. The results revealed extensive abnormalities in spontaneous brain activity
involving frontal, temporal, and occipital regions in the patients compared to the HCs.
The differences in local brain function between checking and washing OCD were mainly
concentrated in the bilateral middle frontal gyrus, right supramarginal gyrus, right angular
gyrus, and right inferior occipital gyrus. According to the ROC curve analysis, it was
found that the right middle frontal gyrus had a better discriminatory value for checking
and washing OCD, while the left precuneus had a greater value for distinguishing OCD
patients from healthy subjects. Furthermore, the seed-based FC analysis revealed that the
frontoparietal network was dysfunctional in OCD patients with checking.

Previous studies have supported dysfunction in the CSTC and extensive brain regions
in OCD [41], which is consistent with the results obtained in the present study. We found
that washing OCD patients had increased ReHo values in the left middle frontal gyrus, right
supramarginal gyrus, right angular gyrus, and right inferior occipital gyrus, and decreased
ReHo values in the right middle frontal gyrus compared to the checking OCD patients.

The middle frontal gyrus, an important component of the dorsolateral prefrontal
cortex, is involved in many executive functions, such as planning, attentional regulation,
cognitive flexibility, working memory, behavioral inhibition, and emotion regulation [42].
Studies have shown that spontaneous activity in the right superior frontal gyrus and middle
frontal gyrus, which are involved in executive control, is diminished in washing OCD
patients before they are ready to start cleaning behaviors [43]. This finding may be related
to the fact that washing OCD inhibits the activity of core brain areas involved in executive
control functions [43], which affects cognitive functions and enhances the urge to wash.
In turn, the left middle frontal gyrus shows increased compensatory activity to maintain
normal executive functions [44,45]. Therefore, dysfunction in the middle frontal gyrus
may be a feature of washing OCD, and the right middle frontal gyrus in particular has a
significant discriminatory value in distinguishing checking OCD from cleaning OCD.

The supramarginal gyrus and right angular gyrus form the inferior parietal lobule,
which is the hub of the frontal–parietal network (FPN) and default-mode network (DMN)
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and plays an important role in bottom-up perception and social cognition [46]. The FPN,
also known as the task-positive network, shows increased activity when attention is focused
on an externally stimulating task, while the DMN shows diminished activity. The present
study found that washing OCD showed stronger local activity in these brain regions
involved in task activation than checking OCD. This finding may indicate that even in the
resting state, washing OCD patients allocate more attention to the external environment,
avoiding contact with possible external contamination, whereas checking OCD patients
may allocate more attention internally to conduct processes, such as introspection and
doubt. This finding is also consistent with the increased activation in the right angular
gyrus in the checking OCD patients compared to the HCs in our study, which may reveal
the unique symptomatic features and related neural mechanisms of the two types of OCD.

Also, in Y-BOCS scale results, we found that the total Y-BOCS score was higher in
washers than checkers, but we consider that this may not indicate washers with more
severe symptoms than checkers. As mentioned before, washing OCD patients allocated
their attention to external stimulus, resulting in more overt compulsive behaviors that were
more easily noticed by the patients and reported to the physicians, whereas the patients in
the checking OCD patients may have indulged in introspection and pathological doubt,
resulting in more mental ritual behaviors that were not easily noticed with the assessment
of the Y-BOCS compulsion subscales, which suggests that the assessment of mental ritual
behaviors should be not neglected for the OCD patients with checking symptoms.

The occipital cortex is involved in the pathophysiological mechanisms of OCD [47]
and plays an important role in visual information processing, attention, and emotion pro-
cessing [48,49]. The difference in ReHo in the right inferior occipital gyrus may indicate
different degrees of visual processing impairment in the two different symptomatic sub-
types of OCD. Our finding of abnormal spontaneous neural activity in the occipital gyrus
supports the role of occipital cortex dysfunction in the pathophysiological mechanisms
of OCD.

In addition, our study found that the left precuneus had a better discriminatory value
for washing OCD patients and HCs and for checking OCD patients and HCs in the ROC
curve analysis based on local functional indicators, suggesting that the left precuneus may
be a potential imaging target for distinguishing OCD patients from HCs. The imaging
results showed that a higher bilateral precuneus was found in both washing and checking
OCD patients compared to the HCs. Anatomically, the precuneus is located in the medial
part of the parietal cortex [50], which is a key hub of the DMN [51] that plays an important
role in visuospatial memory, episodic memory retrieval, self-processing, consciousness,
and higher-order cognitive functions [52–54]. In the resting state, patients with OCD
exhibit enhanced functional connectivity of the DMN, which may be related to the patients’
hyperfocus on symptom-related thinking and potential external threats [55]. Additional
structural imaging studies have noted that both OCD patients and their unaffected siblings
show increased thickness in the right precuneus [51]. Higher precuneus reactivity is closely
associated with OCD symptoms, whereas a structurally thickened cortex is consistent with
functionally enhanced activity changes. The right precuneus may be a potential neural
phenotype of OCD, whereas the left precuneus is of value in differentiating the OCD
symptom subtypes; therefore, the precuneus is of great significance for the elucidation of
the neural mechanisms of OCD.

Moreover, higher bilateral medial superior frontal gyrus reactivity was found in the
OCD patients compared with the HCs. In particular, the left medial superior frontal gyrus
has value in distinguishing OCD patients from HCs. The medial superior frontal gyrus is an
important part of the medial prefrontal lobe, which is involved in memory, social, decision-
making, emotional, and cognitive functions [56]. It has been suggested that the degree of
enhanced spontaneous neural activity in the medial prefrontal lobe after fear extinction
training may be correlated with the effect of fear memory extinction [57]. Reinforcement
memory of safe experiences during fear extinction by stimulation of medial prefrontal
activation serves as a useful adjunct to exposure therapy [58]. Therefore, the present study
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found enhanced activity in the bilateral medial superior frontal gyrus in checking OCD
but not in washing OCD, which may predict the better efficacy of exposure with response
prevention therapy in checking OCD.

Furthermore, the FC analysis revealed that checking OCD may involve frontal–striatal
network dysfunction. Impairment in the frontal–striatal loop is a classic hypothesis of
the neural mechanisms of OCD, which is further supported by studies of spontaneous
functional brain network activity in checking OCD. Impaired autonomic awareness of
situational memory, commonly referred to as memory deficits, is the core problem of
checking OCD [59,60]. Furthermore, dysfunction in the frontal–striatal network may
underlie the basis of the cognitive deficits in checking OCD [61]. When patients feel
anxious, their decreased basal information processing capacity leads to more severe memory
impairment, resulting in checking behaviors to reduce suspicion-induced anxiety. OCD
patients with a high level of responsibility characteristics are more likely to have certain
context-specific memory impairments [62]. Previous studies have reported that checking
OCD patients tend to have a greater sense of responsibility [63]. In this paper, we found
differences in functional connectivity between the checking and washing subtypes, which
refer to cognitive deficits. Further studies are needed to explore the relationship between
objective cognitive impairment and neural dysfunction.

General Discussion of the Classification of the OCD Symptom Subtypes

Actually, the subtype of the OCD symptom dimension is sometimes ambiguous in
the real world. Most OCD patients exhibit dynamic changes in obsession and compulsion
in many different themes during the course of illness. For example, OCD patients with
contamination/washing symptoms also show checking compulsion, which aims to ensure
that they are not contaminated actually or mentally. This is still related to the core fear of
contamination in washers as opposed to the pathological doubt of checkers. In addition,
OCD patients with multiple dimensional symptoms will take a particular symptom as the
main clinical manifestation [64]. Over time, the symptoms of adult OCD patients may
change within specific symptom subtypes rather than across dimensions and tend to be
stable [65]. Therefore, the clarification method of the OCD subtype of symptom dimension
has been favored by many clinical researchers. The heterogeneity and complexity of
OCD symptoms render the classification of the symptom subtypes uniquely significant.
Understanding the psychological and neurological processes related to different subtypes
of symptoms may be central to unraveling the etiology of OCD.

This study is deficient in the following aspects. First, a symptom-based classification
differentiating the OCD subtype according to OCI-R and Y-BOCS may include mixed
symptoms and affect the study results. Future research could classify precisely based on
disease biomarkers using machine learning, such as structural neuroimaging biomark-
ers [66], inflammation-related biomarkers [67], and genetic and epigenetic architecture
biomarkers [68,69]. Second, we did not exclude patients with comorbidities or medications.
Thus, the impact of comorbidities or medications on the imaging findings could not be
excluded. Third, we did not assess HCs with relevant scales of clinical symptom, leading to
a lack of information concerning potential symptom dimensions in the normal population,
and subsequent studies are necessary to fully assess healthy controls consistent with pa-
tients. Finally, the sample size in this study was relatively small, and future studies should
conduct multicenter studies with larger sample sizes to improve the statistical validity.

In summary, based on the current data-driven analysis, we compared the spontaneous
neural activity of brain regions and functional connectivity patterns of brain networks in
washing and checking OCD using neuroimaging studies to reveal the pathophysiological
mechanisms of different symptomatic subtypes of OCD. Notably, our findings suggest
that there are extensive local differences in intrinsic spontaneous activity involving frontal,
temporal, and occipital regions among the checking group, washing group, and HCs.
Additionally, the differences in local brain function between checking and washing OCD
were mainly concentrated in the bilateral middle frontal gyrus, right supramarginal gyrus,
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right angular gyrus, and right inferior occipital gyrus. The neural basis of checking OCD
may be related to dysfunction in the frontal–striatal network, which distinguishes OCD
from washing OCD.
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