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Abstract

Background Previous studies discovered the presence of abnormal structures and functions in the brain regions of
patients with obsessive-compulsive disorder (OCD). Nevertheless, whether structural changes in brain regions are
coupled with alterations in dynamic functional connectivity (dFC) at rest in medicine-free patients with OCD remains
vague.

Methods Three-dimensional T,-weighed magnetic resonance imaging (MRI) and resting-state functional MRl were
performed on 50 medicine-free OCD and 50 healthy controls (HCs). Firstly, the differences in gray matter volume
(GMV) between OCD and HCs were compared. Then, brain regions with aberrant GMV were used as seeds for

dFC analysis. The relationship of altered GMV and dFC with clinical parameters in OCD was explored using partial
correlation analysis. Finally, support vector machine was applied to examine whether altered multimodal imaging
data might be adopted to distinguish OCD from HCs.

Results Our findings indicated that GMV in the left superior temporal gyrus (STG) and right supplementary motor
area (SMA) was reduced in OCD, and the dFC between the left STG and the left cerebellum Crus | and left thalamus,
and between the right SMA and right dorsolateral prefrontal cortex (DLPFC) and left precuneus was decreased at rest
in OCD. The brain regions both with altered GMV and dFC values could discriminate OCD from HCs with the accuracy
of 0.85, sensitivity of 0.90 and specificity of 0.80.

Conclusion The decreased gray matter structure coupling with dynamic function in the left STG and right SMA at
rest may be crucial in the pathophysiology of OCD.

Trial registration Study on the mechanism of brain network in obsessive-compulsive disorder with multi-model
magnetic resonance imaging (registration date: 08/11/2017; registration number: ChiCTR-COC-17,013,301).
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Introduction

Obsessive-compulsive disorder (OCD), a mental disor-
der with intrusive thoughts and/or compulsive behaviour,
and affects 2-3% of the general population [1, 2]. How-
ever, the pathophysiology of OCD is still unknown. The
structural and functional changes associated with OCD
have been studied by using high-resolution brain mag-
netic resonance imaging (MRI) [3, 4].

Voxel-based morphometry (VBM) studies discovered
that the gray matter volume (GMYV) in the striatum and
pallidum was increased, and that in the prefrontal and
cingulate cortex was decreased in OCD [5, 6]. In addi-
tion, the GMV of the left superior temporal gyrus (STG)
was negatively correlated with the severity of OCD [7].

The functional connectivity (FC) can reflect the tem-
poral correlation between distinct brain regions and has
been extensively utilized to explore the pathophysiol-
ogy of mental disorders [8]. However, previous stud-
ies assumed that the brain is static and thus ignored the
dynamic characteristics of the brain. FC between differ-
ent brain regions has dynamic properties that changes
over time [9], the dynamic FC (dFC) can accurately char-
acterize the cooperation between different brain regions
through surveying the time-varying covariance of brain
signals at rest [10]. Previous studies have utilized the dFC
method to investigate the pathophysiology of OCD. For
example, Liu et al. explored dFC changes across brain
networks and found that the number of transitions was
altered, and positively correlated with clinical symptoms
of OCD [11]. Luo et al., who used a similar method, dis-
covered that the fractional time across brain networks
was increased, and positively correlated with the anxi-
ety level of OCD [12]. These studies suggested that the
dynamic function between different brain regions was
altered at rest in patients with OCD [11, 12].

Although most previous studies employed single-
modal MRI to investigate the pathophysiology of OCD,
the combination of structural and functional analyses
may provide new insights into the pathophysiology of
mental disorders [13, 14]. Past works discovered the dis-
sociation or overlapping of altered structural and func-
tional MRI features in patients of depressive and bipolar
disorder, respectively [15, 16]. Only a few studies have
applied multimodal imaging methods to investigate the
existence of abnormal structures and functions in the
brains of OCD [17-19]. However, previous studies on
multimodal neuroimaging were limited to static FC, and
whether structural alterations are coupled with changes
in dFC in brain regions at rest in OCD remains vague.

In this research, we combined VBM and whole-brain
voxel-based dFC methods to explore the brain changes
in both structure and dynamic function at rest in medi-
cine-free OCD. Furthermore, we examined the relation-
ship between multimodal MRI alterations and the clinical
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parameters of OCD. We hypothesized that abnormal
GMYV coupling with dFC would work together to con-
tribute the pathophysiology of OCD, and could be related
with the clinical characteristics of OCD. We also hypoth-
esized that these altered multimodal MRI characteris-
tics would be utilized as potential biomarkers to identify
OCD.

Methods
Participants
The Research Ethics Committee of Qigihar Medical Uni-
versity approved this study, and the study protocol is per-
formed in accordance with the Helsinki Declaration of
2013. All participators and/or their legal guardians signed
informed consent forms before participating in the study.
Fifty individuals with OCD (29 males and 21 females)
were recruited from Qiqihar Medical University’s Fourth
Affiliated Hospital and the Qiqihar Mental Health Cen-
tre. Two psychiatrists diagnosed the patients with OCD
in accordance with the Structured Clinical Interview for
DMS-1V (SCID) patient version. Yale-Brown Obsessive
Compulsive Scale (Y-BOCS), Hamilton Anxiety Rating
Scale (HAMA) and 17-item Hamilton Rating Scale for
Depression (HAMD) were applied to evaluate the sever-
ity, anxiety and depression symptoms of OCD, respec-
tively. Patients were included if they had Y-BOCS total
score>16 and HAMD score < 18. All the patients have
to be free from any psychotropic medication at least 4
weeks before recruitment. In accordance with the non-
patient version of SCID, we also recruited and screened
50 healthy controls (HCs) (32 males and 18 females)
from the community. The following exclusion standards
were shared by the participants: (1) serious physical dis-
eases or neurological disorders; (2) a history of alcohol or
drug abuse; (3) contraindications for magnetic resonance
imaging; and (4) pregnant or breast-feeding women.
Moreover, HCs were excluded if they had any first-degree
relatives with mental disorders. All participants were
18-45 years old, right-handed and Han Chinese.

Image scanning parameters and preprocessing

Experimental data were collected with a 3.0-Tesla GE
750 Signa-HDX scanner. The participants were required
to wear earplugs to decrease the scanner noise effect.
They also were required to relax and to shut their eyes
but stay awake. T,-weighted images were collected by
using a rapid acquisition gradient echo sequence, and the
scanning parameters were as follows: 2530 ms TR; 3.39
ms TE; 7° FA; 256 x 192 matrix; 256 X 256 mm? FOV;
1.33 mm/0 mm thickness/interslice gap; and 128 sagit-
tal slices. Resting-state fMRI images were scanned by
using an echo-planar imaging sequence with the follow-
ing setup: 2000 ms TR; 30 ms TE; 3.5 mm/0.6 mm thick-
ness/interslice gap; 200 x 200 mm? FOV; 64 X 64 matrix;
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90° FA; 33 axial slices; 240 volumes; and 480 s acquisition
time.

The original fMRI data were preprocessed by using the
Resting-State fMRI Data Analysis Toolkit (RESTplus)
(http://restfmri.net/forum/RESTplus) [20]. The process
was as follows: the initial 10 volumes were eliminated;
slice timing and head motion (excluding data with trans-
lation over 2 mm or rotation over 2°) were corrected;
the realigned images were spatially normalized to the
Montreal Neurological Institute (MNI) space by apply-
ing a new segment to the structural images and resam-
pled to 3 X 3 x 3 mm?; a 6 mm isotropic Gaussian kernel
was employed for smoothing, covariates (i.e., Friston-24
parameter, cerebrospinal fluid [CSF] and white mat-
ter [WM]) were removed, and the data were linearly
detrended and filtered to 0.01-0.08 Hz.

VBM analysis

CAT12  (http://www.neuro.uni-jena.de/cat/)  toolbox
in SPM12 software package on the MATLAB R2014a
(MathWorks, Inc.) platform was adopted for VBM analy-
sis. CAT12 is a critical neuroimaging analytic approach
for examining structural changes in local GMV [21]. In
addition, it can eliminate operational bias when brain
areas are selected and whole-brain measurements are
collected [22]. Firstly, the toolbox was used for bias-field
correction and noise elimination; skull stripping and gray
matter (GM), WM and CSF segmentation. Then, all GM
images were spatially normalized to the MNI template
by the DARTEL algorithm to obtain images of 1.5 mm?
voxels; the data were visually examined. Finally, an 8-mm
isotropic Gaussian kernel was used to smooth the nor-
malized GM images.

DFC analysis

DEC analysis was conducted by utilising RESTplus-based
Temporal Dynamic Analysis toolkits. Sliding time-win-
dow analysis was adopted to characterize FC temporal
dynamics. The minimum window length was required to
be greater than or equal to 1/f,,, to avoid creating spuri-
ous fluctuations in dFC (f,,;, is the minimum frequency
of the time course) [23]. In addition, the window length
should not be excessively long for fear that the time-vari-
ability of FC is disrupted [24]. Based on previous studies,
50 TRs" window length was chosen in order to achieve
equilibrium between capturing patterns of resting-state
fluctuations in dFC and producing credible estimations
of correlations between regions [24—26]. The entire time
course was divided into 181 windows by using hamming
windows with window length=50 TRs (100 s) and step
size=1 TR (2 s). The brain regions that have been proven
to have significant differences in GMV between OCD
and HCs were selected as the region of interest (ROI).
The seed-based dFC analysis was then performed on
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each window, i.e., Pearson correlation coefficients were
computed between the averaged time course of each ROI
and all other voxels in the whole-brain to build a FC map
for each window. The FC maps were then improved for
normality by applying Fisher’s r-to-z transformation. For
each subject, the standard deviation of FC maps across
time windows was computed, which is considered as the
summary measure of dFC [27]. The larger standard devi-
ations are indicative of greater fluctuations in FC inten-
sity over time.

Statistical analysis

SPSS (v. 23.0 Chicago, IL, USA) was utilized for the sta-
tistical analysis of demographic and clinical data. If the
continuous variables were normally distributed, the two-
sample ¢ test was performed; otherwise, the Mann-Whit-
ney U test was adopted. Categorical data were analyzed
by using the chi-square test.

The standard deviation values of FC maps across
time windows of all subjects in each group were sum-
marized together to obtain the dFC values at the group
level. GMV and dFC values were compared between two
groups (OCD vs HCs) through voxel-wise two-sample
t-tests by taking age, gender, education level, total intra-
cranial volume and mean framewise displacement (FD)
as covariates. The significant threshold was P<0.05
(Gaussian random field corrected, voxel P<0.001, cluster
P<0.05). Finally, we retrieved the mean GMV and dFC
values from brain areas with significant inter-group dif-
ferences and conducted a partial correlation analysis with
clinical parameters (i.e., disease duration, Y-BOCS total
and subscale scores, HAMA and HAMD scores). Age,
gender and education level were controlled as covariates,
and the significance level was set at P<0.05 (Bonferroni
adjusted).

Support vector machine for classification analysis

Support vector machine (SVM) is widely applied in clas-
sification because of its ability to process high-dimen-
sional data and high classification accuracy [28]. In this
study, we performed SVM analysis on the basis of the
LIBSVM package in MATLAB to determine whether
changed GMV and dFC can discriminate between OCD
and HCs. Brain regions with altered GMV and dFC val-
ues were input into the classification model as feature
variables. All the sample data were divided into a train-
ing set and a test set. The training set was employed to
train the SVM classifier, and the test set was adopted to
evaluate classification performance. Linear kernel was
used to reduce the risk of data overfitting. Considering
the small sample size, we adopted “leave-one-out” cross-
validation (LOOCYV) to verify the classifier’s capacity
to discriminate between two groups, and acquired the
greatest sensitivity and specificity values. This operation
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Table 1 Demographic and clinical characteristics of participants

Variables ocD HCs t/x2/U P-value
(n=50) (n=50)
Mean+SD Mean +SD
Age (years) 2636+797 2560+794 0478 0.634
Gender (male/ 29/21 32/18 0.378° 0.539
female)
Education (years) 13.16+292 1238+3.03 1312° 0.193
lliness duration 64.04+7258 - - -
(months)
Y-BOCS
Total 2536+6.07 1.02+087 28.052° <0001
Obsessive subscale  13.04+4.28 034+048 20.871° <0.001"
score
Compulsive sub- 12324430 066+069 18.924° <0001
scale score
HAMD 8.60+4.34 1.38+097 11.488° <0001
HAMA 11.06+703 1.02+096 10.004° <0.001"
FD 0.07+0.02 0.07+0.04 1133.000° 0420

Data was displayed with mean £ standard deviation
a.Two sample t-test

b. Pearson chi-square

c. Mann-Whitney U test

*, Significant difference

Abbreviations: OCD=obsessive-compulsive disorder; HCs=healthy controls;
Y-BOCS=Yale-Brown Obsessive-Compulsive Scale; HAMD=17-item Hamilton
Depression Rating Scale; HAMA =Hamilton Anxiety Rating Scale; FD=framewise
displacement

was repeated for each sample for the purpose of obtain-
ing the total accuracy of SVM. The permutation test was
at a repetition of 5,000 times in order to evaluate the sta-
tistical significance of classification accuracy. Finally, the
receiver operating characteristic (ROC) curve was gener-
ated to demonstrate the performance of the SVM model.

Validation analyses

Based on the parameter settings in previous studies, we
used different window lengths (i.e., 30 TRs [60 s], 80 TRs
[160 s]) and step sizes (i.e., 3 TRs [6 s] and 5 TRs [10 s])
to exclude the influence of parameter selection and to
verify dFC stability [29-32]. Meanwhile, the static FC
map of each ROI was calculated and compared voxel-
wise between OCD and HCs.

Results

Demographics and clinical data

No significant differences were found in age, gender, edu-
cation and mean FD between the two groups. Y-BOCS
total, obsessive and compulsive subscale scores, HAMD
and HAMA scores showed significant inter-group differ-
ences (Table 1).
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Table 2 Brain regions with abnormal gray matter volume in
oCD

Cluster location Peak (MNI) Cluster t
X y z size value
(voxels)
Left Superior Temporal -57 -21 11 102 -4.381
Gyrus
Right Supplementary 9 -3 63 143 -5.394
Motor Area

The significant threshold was P<0.05 (Gaussian random field corrected, voxel
P<0.001, cluster P<0.05). Age, gender, and the total intracranial volume
were used as covariates to minimize the potential effects of these variables.
MNI=Montreal Neurological Institute; OCD=obsessive-compulsive disorder

VBM results

Compared with the HCs, OCD exhibited significantly
decreased GMYV in the left STG and right supplementary
motor area (SMA) (Table 2; Fig. 1).

DFC results

OCD displayed significantly decreased dFC between the
left STG and the left cerebellum Crus I and left thalamus;
and decreased dFC between the right SMA and the dor-
solateral prefrontal cortex (DLPFC) and left precuneus
(Table 3; Fig. 2).

Correlations between GMV and dFC values and clinical
variables

No correlations were found between decreased GMYV,
dFC and clinical variables (i.e., Y-BOCS total and sub-
scale scores, HAMA and HAMD scores and illness dura-
tion) in OCD.

SVM results

Six feature variables (A=GMYV of left STG; B=GMYV of
right SMA; C=dFC of left STG-left cerebellum Crus [;
D=dFC of left STG-left thalamus; E=dFC of right SMA-
right DLPFC; F=dFC of right SMA-left precuneus) were
entered into the classification models. The area under the
curve (AUC), accuracy, specificity and sensitivity for each
feature are summarized in Supplementary Table S1 and
Fig. S1. The combination of six brain regions both with
altered GMYV and dFC values (features A, B, C, D, E and
F) could differentiate OCD from HCs with an accuracy of
0.85, sensitivity of 0.90 and specificity of 0.80 (P<0.001,
nonparametric permutation test). In addition, the AUC
of the ROC curve that was used to verify the perfor-
mance of SVM was 0.9044 (Fig. 3).

Validation analyses

The results of dFC between two groups with diverse slid-
ing window lengths and step sizes were similar to those of
dFC with sliding window length=50 TRs and step size=1
TR (Supplementary Tables S2—S5 and Fig. S2-S5). More-
over, we found no differences in static FC between OCD
and HCs (Fig. S6).
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VBM analysis results

-5.39
f value

Fig. 1 Brain regions with significant differences on GMV between OCD and HCs. The color bar represents the t values from the two-sample t-tests.
Blue color denotes decreased GMV in OCD. STG: superior temporal gyrus; SMA: supplementary motor area; GMV: gray matter volume; OCD: obsessive-

compulsive disorder; HCs: healthy controls

Table 3 Brain regions with abnormal dynamic functional
connectivity at rest in OCD

Cluster location Peak (MNI) Cluster t value

Xy z size

(voxels)

Seed: left superior
temporal gyrus
Left Cerebellum Crus| -3 -75 -33 59 -4.0732
Left Thalamus 3 -18 18 62 -4.1757
Seed: right supplemen-
tary motor area
Right DLPFC 24 57 3 23 -5.1543
Left Precuneus 0 -60 36 59 -4.0911

The significant threshold was P<0.05 (Gaussian random field corrected, voxel
P<0.001, cluster P<0.05). Age, sex, and the mean FD values were used as
covariates to minimize the potential effects of these variables. MNI=Montreal
Neurological Institute; DLPFC=dorsolateral prefrontal cortex; OCD=obsessive-
compulsive disorder; FD=framewise displacement

Discussion

In the present research, we employed VBM and dFC
methods to investigate both the structural and dynamic
functional alterations in brain regions at rest in OCD.

The GMV values of the left STG and right SMA were
reduced; the dFC values between the left STG and left
cerebellum Crus I and left thalamus, and between the
right SMA and right DLPFC and left precuneus were
decreased at rest in OCD relative to those in HCs. The
combination of brain regions with altered GMV and dFC
values could be utilized to identify OCD. Our present
results demonstrated that the brain regions with struc-
tural alterations are accompanied by the dynamic func-
tion changes at rest in OCD.

Static FC reflects the average strength of connectivity
in different brain regions over time, and cannot describe
the whole process of spontaneous neural activities in the
brain at rest [33]. DFC is evaluated as the time-varying
covariance of neural signals between brain regions at
rest, which can describe the cooperation between brain
regions in a precise way, and reflect the degrees and pat-
terns of connectivity [10, 33]. The decrease of dFC may
indicate the obstacle of dynamic functional integration
within or between brain networks, which is manifested as



Ding et al. BMC Psychiatry (2023) 23:289

@) Left STG network
L

HC i )
S\
[ o]
-11.5947 46.8606
L Right SMA network
A SN0

LAl de

| s
-10.9385 47.5056

Page 6 of 9

(B).

Left STG network
(OCD<HC)

Right SMA network
L (OCD<HC) R

)
-5.1543 0

Fig. 2 Voxel-wise analysis of dFC patterns in abnormal GMV brain regions. The color bar indicates the ¢ values from one/two-sample t-tests. (A) DFC
pattern maps of the left STG network and right SMA network in OCD and HC group separately. (B) Brain regions with abnormal dFC in OCD. The blue
color denotes decreased dFC values in OCD. STG: superior temporal gyrus; SMA: supplementary motor area; dFC: dynamic functional connectivity; OCD:

obsessive-compulsive disorder; HC: healthy control; L: left; R: right
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Fig. 3 Classification performance for OCD and HCs combined with GMV and dFC results (features A, B, C, D, E, and F). Left: Classification plots for the SVM
classifier. Right: ROC curves assessing SVM performance. SYM: support vector machine; GMV: gray matter volume; dFC: dynamic functional connectivity;

OCD: obsessive-compulsive disorder; HCs: healthy controls
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the abnormal spontaneous and/or recurrence patterns of
connectivity [34].

The current research discovered reduced GMV in
the left STG, and decreased dFC values between the
left STG and left cerebellum Crus I and left thalamus at
rest in medicine-free OCD. Consistent with our work,
a previous study discovered reduced GMV in the left
STG in patients with OCD [35]. STG has been found to
be involved in modulation of the reward processing and
emotional information [36]. The reduced GMV of the
left STG may participate in the pathophysiology of OCD
via the roles of STG in reward and emotional processing.
Moreover, reduced GMV may be a manifestation of the
long-lasting and highly stable change of the disease [37].
For this reason, we infer that the defect in the process-
ing of rewards and emotion may be the stable and lasting
clinical symptom of OCD [38].

The cerebellum is involved in cognitive control and
information processing [39, 40]. The thalamus plays a key
role in perception and thoughts integration, motor and
executive function [41, 42]. Previous studies reported
reduced regional homogeneity (ReHo) in the cerebel-
lum and thalamus at rest in OCD [43, 44]. Moreover, the
decreased dynamic amplitude of the low-frequency fluc-
tuation in the cerebellum was discovered in OCD [45].
The decreased dFC values between the left STG and left
cerebellum Crus I-left thalamus at rest may reflect a mal-
function of functional integration between these brain
regions in OCD at the time [37].

In addition, we found reduced GMYV in the right SMA,
and decreased dFC values between the right SMA and
right DLPFC and left precuneus at rest in OCD. SMA is
a part of the sensorimotor cortico-striato-thalamo-corti-
cal (CSTC) circuit and is involved in action selection and
habitual behaviour [46, 47]. A previous meta-analysis dis-
covered low ReHo in the SMA at rest in OCD [44]. Our
current and previous results suggested that the reduced
GMYV and low local spontaneous neural activity of the
SMA may work together to contribute the pathophysiol-
ogy of OCD.

As an important part of dorsal cognitive CSTC cir-
cuits, DLPFC is associated with executive functions (e.g.,
response inhibition and planning) [47]. Previous works
illustrated the key role of DLPFC in the pathophysiol-
ogy of OCD [48-50]. In our previous study, we found
decreased degree values of the DLPFC at rest in OCD
[51]. The precuneus is a crucial component of the default-
mode network (DMN) and participates in self-awareness
processing [52—-54]. Additionally, abnormal GMV and
function in the precuneus at rest have also been found
in OCD [35, 55-57]. The decreased dFC values between
the right SMA and right DLPFC and left precuneus at
rest discovered in the present work may imply the dys-
function of dynamic functional integration between the

Page 7 of 9

sensorimotor and dorsal cognitive CSTC circuits and
DMN, and may be related to the insufficient inhibition
ability for self-awareness and habitual behaviour at rest in
OCD [46-50, 57].

The SVM analysis revealed that the combination of
altered GMV and dFC in the left STG, right SMA, left
cerebellum Crus I, left thalamus, right DLPFC and left
precuneus were able to distinguish the OCD from HCs
with an accuracy of 0.85, sensitivity of 0.90 and specific-
ity of 0.80. This result suggested that altered multimodal
MRI characteristics perform an essential role in the
pathogenesis and classification of OCD.

Validation analysis revealed that the current findings
were not dependent on parameter selection (i.e., window
length and step size) and had good reproducibility. More-
over, static FC did not show differences between the two
groups, indicating that dFC may be utilized to describe
voxel-wise FC alterations within a shorter time scale and
is more sensitive than static FC [29].

Inconsistent with our hypothesis, reduced GMV and
dFC were not correlated with clinical parameters in OCD.
Prior studies also discovered that changed structure and
function had no correlations with clinical parameters in
OCD [58-61]. Therefore, we inferred that the changed
GMYV and dFC may be a trait alteration of OCD and not
dependent on the current clinical status [59, 60]. How-
ever, the GMV of the left STG was negatively correlated
with the severity of OCD [7]. The heterogeneity of OCD,
relatively small sample sizes, and rigorous Bonferroni
correction might limit the relationship between abnor-
mal multimodal MRI characteristics and clinical factors
in OCD, and may explain this contradiction [62, 63].

The current study has some limitations. Firstly, there
has no consensus on the optimal window length of slid-
ing-window method, and the selection of different win-
dow lengths may have an impact on the results, but our
validation analysis using different window sizes suggests
that our findings are stable and not substantially influ-
enced by the choice of sliding window length. Secondly,
dFC analysis is especially sensitive to head motion [64].
Although mean FD values were regressed in statisti-
cal analyses and had no group differences, head motion
remains a possible source of artifacts. Thirdly, the current
results were not tested on another independent sample,
which may lead to the overfitting of the SVM results.
Finally, whether the brain regions both with abnormal
GMYV and dFC discovered in this study will change with
the intervention on OCD needs to be investigated in lon-
gitudinal follow-up studies.

Conclusion

We combined the VBM and dFC methods to investigate
structural and dynamic functional alterations simul-
taneously in medicine-free patients with OCD, and
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discovered that the GMV abnormalities in the left STG
and right SMA were accompanied by dFC changes at rest
in OCD. Moreover, a combination of brain regions both
with reduced GMV and dFC could be used to identify
OCD. The current findings highlight the crucial role of
altered multimodal MRI characteristics in the pathogen-
esis and classification of OCD.

Abbreviations

oCh Obsessive—Compulsive Disorder
HCs Healthy Controls

MRI Magnetic resonance imaging

dFC Dynamic functional connectivity
VBM Voxel-based morphometry

GMV Gray matter volume

STG Superior temporal gyrus

SMA Supplementary motor area
DLPFC Dorsolateral prefrontal cortex
Y-BOCS Yale-Brown Obsessive-Compulsive Scale
HAMD Hamilton Depression Rating Scale

HAMA Hamilton Anxiety Rating Scale
RESTplus  Resting-State fMRI Data Analysis Toolkit

FD Framewise displacement

SVM Support vector machine

ROC Receiver operating characteristic
AUC Area under the curve

CSTC Cortico-striato-thalamo-cortical

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512888-023-04740-w.

[ Supplementary Material 1 Tables and Figures ]

Acknowledgements
The authors thank all individuals who served as the research participants.

Authors’ Contributions

ZD engaged in data analysis and wrote the paper. PL reviewed and revised the
paper. CL and ZY conducted and designed the study. ZD, YC, DL, TL, TS, JM, ZC,
XY, JX, ZS, NW and WG participated in patient assessment and imaging data
collection. All authors read and approved the final manuscript.

Funding

This study was supported by grants from Heilongjiang Natural Science
Foundation of China (LH2019H064), and Project of Education Department of
Heilongjiang Province, China (2022-KYYWF-0783).

Data Availability
The data may be available from the corresponding author upon reasonable
request.

Declarations

Ethics approval and consent to participate

The study was endorsed by the Medical Ethics Committee of Qigihar Medical
University (Qi) [2013] No. 003. All the subjects and legal guardians signed
consent forms before participating in the study in accordance with the
Helsinki Declaration of 2013.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 25 November 2022 / Accepted: 31 March 2023

Page 8 of 9

Published online: 25 April 2023

References

1.

12.

LiQ ZhaoY,Huang Z, GuoY, Long J, Luo L, et al. Microstructural white mat-
ter abnormalities in pediatric and adult obsessive-compulsive disorder: a
systematic review and meta-analysis. Brain Behav. 2021;11(2):e01975.

Carmi L, Brakoulias V, Arush OB, Cohen H, Zohar J. A prospective clinical
cohort-based study of the prevalence of OCD, obsessive compulsive and
related disorders, and tics in families of patients with OCD. BMC Psychiatry.
2022;22(1):190.

Jurng J, Park H, Kim T, Park I, Moon SY, Lho SK, et al. Smaller volume of
posterior thalamic nuclei in patients with obsessive-compulsive disorder.
Neuroimage Clin. 2021;30:102686.

Yan H, Shan X, Li H, Liu F, Guo W. Abnormal spontaneous neural activity in
hippocampal-cortical system of patients with obsessive-compulsive disorder
and its potential for diagnosis and prediction of early treatment response.
Front Cell Neurosci. 2022;16:906534.

van den Heuvel OA, Boedhoe PSW, Bertolin S, Bruin WB, Francks C, lvanov |,
et al. An overview of the first 5 years of the ENIGMA obsessive-compulsive
disorder working group: the power of worldwide collaboration. Hum Brain
Mapp. 2022;43(1):23-36.

Klugah-Brown B, Jiang C, Agoalikum E, Zhou X, Zou L, Yu Q, et al. Common
abnormality of gray matter integrity in substance use disorder and obsessive-
compulsive disorder: a comparative voxel-based meta-analysis. Hum Brain
Mapp. 2021;42(12):3871-86.

Kodancha PG, ShivakumarV, Jose D, Venkatasubramanian G, Reddy YCJ,
Narayanaswamy JC. Gray matter volume abnormalities and clinical correlates
in OCD with exclusive washing dimension. Asian J Psychiatr. 2020;54:102343.
Moreira PS, Marques P, Soriano-Mas C, Magalhaes R, Sousa N, Soares JM, et
al. The neural correlates of obsessive-compulsive disorder: a multimodal
perspective. Trans| Psychiatry. 2017,7(8):e1224.

Hutchison RM, WomelsdorfT, Allen EA, Bandettini PA, Calhoun VD, Corbetta
M, et al. Dynamic functional connectivity: promise, issues, and interpreta-
tions. Neurolmage. 2013;80:360-78.

Yao Z, Liao M, Hu T, Zhang Z, Zhao Y, Zheng F, et al. An effective method to
identify adolescent generalized anxiety disorder by temporal features of
dynamic functional connectivity. Front Hum Neurosci. 2017;11:492.

Liu J, Li X, Xue K, Chen Y, Wang K, Niu Q, et al. Abnormal dynamics of
functional connectivity in first-episode and treatment-naive patients with
obsessive-compulsive disorder. Psychiatry Clin Neurosci. 2021;75(1):14-22.
Luo L, Li Q You W, Wang Y, Tang W, Li B, et al. Altered brain functional
network dynamics in obsessive-compulsive disorder. Hum Brain Mapp.
2021;42(7):2061-76.

Wang X, Zhao N, Shi J, WuY, Liu J, Xiao Q, et al. Discussion on the application
of multi-modal magnetic resonance Imaging Fusion in Schizophrenia. J Med
Syst. 2019;43(5):131.

Zhang S, Wang Y, Zheng S, Seger C, Zhong S, Huang H, et al. Multimodal MRI
reveals alterations of the anterior insula and posterior cingulate cortex in
bipolar Il disorders: a surface-based approach. Prog Neuropsychopharmacol
Biol Psychiatry. 2022;116:110533.

Guo W, Liu F, Yu M, Zhang J, Zhang Z, Liu J, et al. Functional and anatomical
brain deficits in drug-naive major depressive disorder. Prog Neuropsycho-
pharmacol Biol Psychiatry. 2014;54:1-6.

Sun N, LiY, Zhang A, Yang C, Liu P, Liu Z, et al. Fractional amplitude of low-
frequency fluctuations and gray matter volume alterations in patients with
bipolar depression. Neurosci Lett. 2020;730:135030.

Hou J, Song L, Zhang W, Wu W, Wang J, Zhou D, et al. Morphologic and func-
tional connectivity alterations of corticostriatal and default mode network
in treatment-naive patients with obsessive-compulsive disorder. PLoS ONE.
2013;8(12):e83931.

Park SE, Kim BC, Yang JC, Jeong GW. MRI-Based Multimodal Approach to the
Assessment of Clinical Symptom Severity of Obsessive-Compulsive disorder.
Psychiatry Investig. 2020;17(8):777-85.

Wu X, Yu G, Zhang K, Feng J, Zhang J, Sahakian BJ, et al. Symptom-based
profiling and Multimodal Neuroimaging of a large Preteenage Popula-

tion identifies distinct obsessive-compulsive disorder-like subtypes with
neurocognitive differences. Biol Psychiatry Cogn Neurosci Neuroimaging.
2022;7(11):1078-89.


http://dx.doi.org/10.1186/s12888-023-04740-w
http://dx.doi.org/10.1186/s12888-023-04740-w

Ding et al. BMC Psychiatry

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

(2023) 23:289

Jia XZ, Wang J, Sun HY, Zhang H, Liao W, Wang Z, et al. RESTplus: an improved
toolkit for resting-state functional magnetic resonance imaging data process-
ing. Sci Bull. 2019;64(14):953-54.

Besteher B, Gaser C, Langbein K, Dietzek M, Sauer H, Nenadic I. Effects of
subclinical depression, anxiety and somatization on brain structure in healthy
subjects. J Affect Disord. 2017;215:111-17.

Zhe X, Zhang X, Chen L, Zhang L, Tang M, Zhang D, et al. Altered Gray Matter
volume and functional connectivity in patients with vestibular migraine.
Front Neurosci. 2021;15:683802.

Leonardi N, Van De Ville D. On spurious and real fluctuations of dynamic
functional connectivity during rest. Neurolmage. 2015;104:430-6.

Li J, Duan X, Cui Q Chen H, Liao W. More than just statics: temporal dynamics
of intrinsic brain activity predicts the suicidal ideation in depressed patients.
Psychol Med. 2019;49(5):852-60.

Pang Y, Chen H,Wang Y, Long Z, He Z, Zhang H, et al. Transdiagnostic and
diagnosis-specific dynamic functional connectivity anchored in the right
anterior insula in major depressive disorder and bipolar depression. Prog
Neuropsychopharmacol Biol Psychiatry. 2018;85:7-15.

Li R, Liao W, Yu'Y, Chen H, Guo X, Tang YL, et al. Differential patterns of
dynamic functional connectivity variability of striato-cortical circuitry in
children with benign epilepsy with centrotemporal spikes. Hum Brain Mapp.
2018,39(3):1207-17.

Bosma RL, Kim JA, Cheng JC, Rogachov A, Hemington KS, Osborne NR, et al.
Dynamic pain connectome functional connectivity and oscillations reflect
multiple sclerosis pain. Pain. 2018;159(11):2267-76.

Song H, Chen L, Gao R, Bogdan IIM, Yang J, Wang S, et al. Automatic schizo-
phrenic discrimination on fNIRS by using complex brain network analysis and
SVM. BMC Med Inform Decis Mak. 2017;17(Suppl 3):166.

ChenY, Cui Q Xie A, Pang Y, Sheng W, Tang Q, et al. Abnormal dynamic
functional connectivity density in patients with generalized anxiety disorder.
J Affect Disord. 2020;261:49-57.

Guo X, Duan X, Chen H, He C, Xiao J, Han S, et al. Altered inter- and intra-
hemispheric functional connectivity dynamics in autistic children. Hum Brain
Mapp. 2020;41(2):419-28.

WeiY,Han S, Chen J,Wang C, Wang W, Li H, et al. Abnormal interhemispheric
and intrahemispheric functional connectivity dynamics in drug-naive first-
episode schizophrenia patients with auditory verbal hallucinations. Hum
Brain Mapp. 2022;43(14):4347-58.

Yang Z, Wen M, Wei Y, Huang H, Zheng R, Wang W, et al. Alternations in
dynamic and static functional connectivity density in chronic smokers. Front
Psychiatry. 2022;13:843254.

Choe AS, Nebel MB, Barber AD, Cohen JR, Xu Y, Pekar JJ, et al. Comparing test-
retest reliability of dynamic functional connectivity methods. Neurolmage.
2017;158:155-75.

Zhao C, Huang W-J, Feng F, Zhou B, Yao H-X, Guo Y-E, et al. Abnormal charac-
terization of dynamic functional connectivity in Alzheimer’s disease. Neural
Regeneration Research. 2022;17(9):2014-21.

Tang W, Huang X, Li B, Jiang X, Li F, Xu J, et al. Structural brain abnormalities
correlate with clinical features in patients with drug-naive OCD: a DARTEL-
enhanced voxel-based morphometry study. Behav Brain Res. 2015;294:72-80.
Xia J, Fan J, Du H, Liu W, Li S, Zhu J, et al. Abnormal spontaneous neural
activity in the medial prefrontal cortex and right superior temporal gyrus
correlates with anhedonia severity in obsessive-compulsive disorder. J Affect
Disord. 2019;259:47-55.

Yang X, Ma X, Li M, Liu Y, Zhang J, Huang B, et al. Anatomical and functional
brain abnormalities in unmedicated major depressive disorder. Neuropsychi-
atr Dis Treat. 2015;11:2415-23.

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.
Buckner RL. The cerebellum and cognitive function: 25 years of insight from
anatomy and neuroimaging. Neuron. 2013;80(3):807-15.

Ramnani N. The primate cortico-cerebellar system: anatomy and function.
Nat Rev Neurosci. 2006;7(7):511-22.

Haynes WIA, Clair AH, Fernandez-Vidal S, Gholipour B, Morgieve M, Mallet

L. Altered anatomical connections of associative and limbic cortico-basal-
ganglia circuits in obsessive-compulsive disorder. Eur Psychiatry. 2018;51:1-8.
Rasmussen SA, Eisen JL, Greenberg BD. Toward a neuroanatomy of obsessive-
compulsive disorder revisited. Biol Psychiatry. 2013;73(4):298-9.

Niu Q,Yang L, Song X, Chu C, Liu H, Zhang L, et al. Abnormal resting-state
brain activities in patients with first-episode obsessive-compulsive disorder.
Neuropsychiatr Dis Treat. 2017;13:507-13.

44,

45.

46.

47.

48.

49.

50.

5T

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Page 9 of 9

Qing X, Gu L, Li D. Abnormalities of localized connectivity in obsessive-
compulsive disorder: a voxel-wise Meta-analysis. Front Hum Neurosci.
2021;15:739175.

LiuJ, Bu X, Hu X, LiH, Cao L, Gao Y, et al. Temporal variability of regional intrin-
sic neural activity in drug-naive patients with obsessive-compulsive disorder.
Hum Brain Mapp. 2021;42(12):3792-803.

Peng Z, Xu C, Ma N, Yang Q, Ren P, Wen R, et al. White Matter alterations of
the Goal-Directed System in patients with obsessive-compulsive disorder
and their unaffected first-degree relatives. Biol Psychiatry Cogn Neurosci
Neuroimaging. 2021;6(10):992-1001.

Stein DJ, Costa DLC, Lochner C, Miguel EC, Reddy YCJ, Shavitt RG, et al.
Obsessive-compulsive disorder. Nat Rev Dis Primers. 2019;5(1):52.

Li P Yang X, Greenshaw AJ, Li S, Luo J, Han H, et al. The effects of cognitive
behavioral therapy on resting-state functional brain network in drug-naive
patients with obsessive-compulsive disorder. Brain Behav. 2018;8(5):¢00963.
Gao J, Zhou'Y, Yang X, Luo J, Meng F, Zheng D, et al. Abnormalities within

and beyond the cortico-striato-thalamo-cortical circuitry in medication-free
patients with OCD revealed by the fractional amplitude of low-frequency
fluctuations and resting-state functional connectivity. Neurosci Lett.
2019;712:134449.

Yang X, Luo J, Zhong Z, Yang X, Yao S, Wang P, et al. Abnormal Regional
Homogeneity in patients with obsessive-compulsive disorder and their unaf-
fected siblings: a resting-state fMRI study. Front Psychiatry. 2019;10:452.

Lv D, OuY,Wang Y, Ma J, Zhan C, Yang R et al. Altered Functional Connectivity
Strength at Rest in Medication-Free Obsessive-Compulsive Disorder. Neural
Plast. 2021, 2021:3741104.

De Domenico M, Sasai S, Arenas A. Mapping Multiplex Hubs in Human
Functional Brain Networks. Front Neurosci. 2016;10:326.

Hwang K, Hallquist MN, Luna B. The development of Hub Architecture in the
human functional Brain Network. Cereb Cortex. 2013;23(10):2380-93.

Zhang S, Li CS. Functional connectivity mapping of the human precuneus by
resting state fMRI. Neurolmage. 2012;59(4):3548-62.

Chen J, SilkT, Seal M, Dally K, Vance A. Widespread decreased grey and white
matter in paediatric obsessive-compulsive disorder (OCD): a voxel-based
morphometric MRI study. Psychiatry Res. 2013;213(1):11-7.

Hu X, Zhang L, Bu X, Li H, Li B, Tang W, et al. Localized connectivity in
obsessive-compulsive disorder: an Investigation Combining Univariate and
Multivariate Pattern analyses. Front Behav Neurosci. 2019;13:122.

Fajnerova I, Gregus D, Francova A, Noskova E, Koprivova J, Stopkova P, et

al. Functional connectivity changes in obsessive-compulsive disorder
correspond to Interference Control and Obsessions Severity. Front Neurol.
2020;11:568.

Tan L, Fan Q, You C,Wang J, Dong Z, Wang X, et al. Structural changes in the
gray matter of unmedicated patients with obsessive-compulsive disorder: a
voxel-based morphometric study. Neurosci Bull. 2013;29(5):642-8.

Koch K, Rodriguez-Manrique D, Rus-Oswald OG, Gursel DA, Berberich G, Kunz
M, et al. Homogeneous grey matter patterns in patients with obsessive-
compulsive disorder. Neuroimage Clin. 2021;31:102727.

Murayama K, Tomiyama H, Tsuruta S, Ohono A, Kang M, Hasuzawa S, et

al. Aberrant resting-state cerebellar-cerebral functional connectivity in
unmedicated patients with obsessive-compulsive disorder. Front Psychiatry.
2021;12:659616.

Zhao Q, XuT,Wang Y, Chen D, Liu Q, Yang Z, et al. Limbic cortico-striato-
thalamo-cortical functional connectivity in drug-naive patients of obsessive-
compulsive disorder. Psychol Med. 2021,51(1):70-82.

OuY, SuQ LiuF, DingY, Chen J, Zhang Z, et al. Increased nucleus Accumbens
Connectivity in resting-state patients with Drug-Naive, first-episode somati-
zation disorder. Front Psychiatry. 2019;10:585.

Hooshmand F, Do D, Shah S, Gershon A, Park DY, Yuen LD, et al. Antidepres-
sants have complex associations with longitudinal depressive burden in
bipolar disorder. J Affect Disord. 2019,246:836-42.

LaumannTO, Snyder AZ, Mitra A, Gordon EM, Gratton C, Adeyemo B, et al. On
the Stability of BOLD fMRI Correlations. Cereb Cortex. 2017;27(10):4719-32.

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



	﻿Decreased gray matter volume and dynamic functional alterations in medicine-free obsessive-compulsive disorder
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Participants
	﻿Image scanning parameters and preprocessing
	﻿VBM analysis
	﻿DFC analysis
	﻿Statistical analysis
	﻿Support vector machine for classification analysis
	﻿Validation analyses

	﻿Results
	﻿Demographics and clinical data
	﻿VBM results
	﻿DFC results
	﻿Correlations between GMV and dFC values and clinical variables
	﻿SVM results

	﻿Discussion
	﻿Conclusion
	﻿References


