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Background: Accumulating evidence indicates maladaptive neural information interactions between 
different brain regions underlie bulimia nervosa (BN). However, little is known about the alterations 
in interhemispheric communication of BN, which is facilitated by the corpus callosum (CC), the major 
commissural fiber connecting the two hemispheres. To shed light on the interhemispheric communications 
in BN, the present study aims to explore alterations of interhemispheric homotopic functional connectivity 
and the CC microstructure in BN.
Methods: Based on magnetic resonance imaging (MRI) data collected from 42 BN patients and 38 healthy 
controls (HCs), the group differences of voxel-mirrored homotopic connectivity (VMHC) index and CC white 
matter microstructure were compared. Then brain regions with significant group differences in VMHC were 
selected as seeds for subsequent functional connectivity (FC) analysis. Seed-based fiber tracking and correlation 
analysis were used to analyze the relationship between VMHC and CC changes. And correlation analysis was 
used to reveal the correlation between abnormal imaging variables and the clinical features of BN.
Results: Compared with HCs, the BN group showed decreased fractional anisotropy (FA) in middle part 
of CC (CCMid) and increased VMHC in bilateral orbitofrontal cortex (OFC) and middle temporal gyrus 
(MTG) [false discovery rate (FDR) correction with a corrected threshold of P<0.05]. Subsequent FC analyses 
indicated increased FC between left OFC and right OFC, bilateral MTG, left middle occipital gyrus and 
right precuneus (PCUN); between right OFC and left cerebellum crus II and right PCUN; and between left 
MTG and right inferior temporal gyrus, right cerebellum lobule VI and right medial superior frontal gyrus 
(FDR correction with a corrected threshold of P<0.05). The VMHC values of OFC and MTG showed no 
correlations with FA values of the CCMid and the white fibers between the bilateral OFC and MTG were 
not through the CCMid. In addition, several regions with abnormal FC had a potential correlation trend 
with abnormal eating behaviors in BN patients (P<0.05, uncorrected).
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Introduction

Bulimia nervosa (BN) is an refractory eating disorder 
characterized by recurrent binge-eating episodes, undue 
compensatory purging behavior, reduced self-regulatory 
capacity and preoccupation and dissatisfaction with body 
shape (1). Approximately 1% of young women are affected 
by BN, but the available treatments, both cognitive behavior 
therapy and pharmacotherapy, have a low remission rate 
of 30–40% at most (2,3). The vague neurobiological 
underpinnings have greatly hindered the development of 
precise treatments for this disease (4).

In recent years, advanced magnetic resonance imaging 
(MRI) techniques have been used to study BN, gradually 
elucidating the neural substrates underlying this complex 
and multidimensional psychopathological disorder. For 
example, some studies have consistently reported that 
frontostriatal activations in response to food cues were 
related to increased reward sensitivity and repeated 
bingeing behavior in BN (5,6). Uher et al. demonstrated 
diminished occipitotemporal responses in patients with BN 
when viewing their own abnormal body weight (7). Using 
the resting-state fMRI images (rs-fMRI), our previous 
study suggested aberrant regional activity in the left insula 
and bilateral inferior parietal lobule (8). Moreover, there 
is growing recognition that BN may result from abnormal 
information interaction between different functional centers 
or even across large-scale brain networks. Using seed-
based functional connectivity (FC) analysis, a previous study 
reported correlations between the striatal subregions and 
frontal cortex (9). In addition, several brain sub-networks, 
such as the attention network, default mode network 
(DMN) (10), visual network and sensorimotor network (11),  
appeared disrupted in BN, indicating abnormal neural 
connections among diverse brain regions. However, neural 
communication between the two hemispheres in BN 

remains largely unknown. Interhemispheric homotopic FC 
is a feature widely used to characterize interhemispheric 
communications, a fundamental property of brain 
networks (12) that indicates the functional coordination 
of the two hemispheres. This type of connectivity is 
primarily mediated by the corpus callosum (CC), a major 
commissure connecting the two hemispheres that facilitates 
interhemispheric information transmission (13,14). The 
CC is widely reported to be implicated in the pathogenesis 
of psychosis in neuroimaging studies (13,14). Furthermore, 
structural alterations in the CC have been supposed to the 
structural basis for altered interhemispheric interaction (15).  
Interhemispheric communication ensures that network 
information is reliably integrated (16,17) and plays a 
crucial role in diverse higher-level functions, such as 
interception, self-regulation and impulse control (14,18), 
consistent with the prominent behavioral deficits observed 
in BN. Elucidating the characteristics of interhemispheric 
communication may help to reveal the neural mechanism 
of BN and seek targets for its neuromodulation (such 
as transcranial magnetic stimulation and deep brain 
stimulation).

To address the gap in interhemispheric communication of 
BN, voxel-mirrored homotopic connectivity (VMHC) (16),  
corresponding seed-based FC analysis, diffusion tensor 
imaging (DTI) analysis, and a series of behavioral 
assessments were employed to explore the alterations of 
interhemispheric homotopic FC and abnormalities in 
white matter (WM) of CC, and their potential correlations 
with behaviors in BN. Our hypotheses were as follows: 
(I) patients with BN have aberrant interhemispheric 
communications in the perspective of interhemispheric 
homotopic FC and CC WM microstructure, and there is 
a potential correlation between them; (II) alterations of 
interhemispheric connectivity are associated with abnormal 

Conclusions: Aberrant interhemispheric homotopic functional connectivity and CC microstructure 
were observed in BN, and they may be independent of each other. Regions with aberrant interhemispheric 
homotopic functional connectivity showed hyperconnectivity with regions related to reward processing, 
body shape perception, and self-reference.
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behavioral features, and altered WM microstructure of CC 
may mediate the influence of interhemispheric functional 
connectivity on behaviors.

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Ethics Committee of the Beijing 
Friendship Hospital (No. 2021-P2-052-01). All participants 
signed written informed consent.

Participants

Fifty BN patients were recruited from outpatient services 
and forty age-, sex- and education-matched healthy 
controls (HCs) were recruited by internet advertising. 
All participants were right-handed. Two psychiatrists 
with expertise in eating disorders independently made 
the diagnosis of BN using the Mini International 
Neuropsychiatric Interview (MINI) (19), a short-structured 
interview developed in accordance with the criteria of the 
Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition (DSM-5). Patients were excluded if they were 
currently diagnosed with other major psychiatric disorders 
other than major depression and anxiety disorder (e.g., 
bipolar disorder, schizophrenia, etc.). Of the 50 BN patients, 
3 had previously used anxiolytics, and 2 had previously 
taken antidepressants, but none had taken psychotropic 
drugs for at least two months prior to the study. 12 patients 
had a previous history of anorexia nervosa (AN).

HCs were required to have a normal weight and no 
previous history of psychiatric disorders. In addition, the 
MINI was also administered to each HC to exclude those 
with any potential psychiatric disorders.

Other exclusion criteria for both the BN and HC groups 
included: history of nicotine, alcohol, or other substance 
abuse disorders; history of traumatic brain injury, brain 
surgery, neurological disorders, pervasive developmental 
disorders and mental retardation; suffered from some 
major health problems (e.g., diabetes, hyperthyroidism, or 
hyperlipidemia, or chronic diseases, such as hypertension); 
were pregnant or lactating; were claustrophobia; and had 
any metal implants (contraindication for MRI). In this step, 
we excluded a total of 6 BN patients, two due to the history 
of alcoholic abuse, one due to the history of nicotine abuse, 
two due to metal implants and one due to claustrophobia. 
One HC was excluded because of the metal implant. Thus, 

a total of 44 BN patients and 39 HCs remained for the next 
procedures.

Clinical data collection

All participants were required to fast for at least 4 hours 
before they arrived for the scanning visits. Participants were 
scheduled to complete several self-report questionnaires 
before their MRI scans. The Visual Analog Scale (VAS) 
was used to rate their current degrees of hunger on a scale 
from 0 (“not at all”) to 10 (“extremely”). All participants 
then completed the Chinese version of the Dutch Eating 
Behavior Questionnaire (DEBQ) (20), the bulimia subscale 
of the Eating Disorders Questionnaire (EDI-BN) (21), the 
Eating Attitudes Test (EAT-26) (22), the Beck Depression 
Inventory (BDI) (23) and the Self-Assessment of Anxiety 
Scale (SAS) (24). The DEBQ is a scale that assesses eating 
behavior and consists of 33 items, including three subscales 
that reflect restrained, emotional and external eating. The 
EDI-BN, a subscale consisting of 7 items, was used to 
evaluate the drive for bulimia. The 26-item EAT-26 was 
applied to assess disturbed eating attitudes and behaviors. 
And the BDI and SAS were used to evaluate participants’ 
depressive and anxiety states respectively. Previous studies 
have verified that these questionnaires have achieved good 
reliability and validity in the Chinese population (23,24).

We also collected information from BN patients 
regarding the duration of illness and frequency of binge 
eating-purging behavior.

MRI data acquisition

All MRI data were acquired on a 3.0 T MR scanner (Prisma, 
Siemens, Erlangen, Germany) equipped with a 64-channel 
phase-array head coil. Prior to the start of the scan, 
participants were told to close their eyes, remain calm and 
awake and keep their heads still. Earplugs and foam padding 
were used to minimize scanning noise and head movement, 
respectively. First, a routine brain axial T2 sequence 
was applied to screen for brain anatomic abnormalities. 
Anatomical T1-weighted images were then collected in the 
sagittal position using a three-dimensional magnetization-
prepared rapid acquisition gradient-echo (MP-RAGE) 
sequence with the following parameters: repetition time 
(TR)/echo time (TE) =2,530 ms/2.98 ms; inversion time 
(TI) =1,100 ms; flip angle =7°; data matrix =256×256; voxel 
size =1×1×1 mm3; field of view (FOV) =256×256 mm2; slice 
thickness/gap =1.0 mm/1.0 mm; and slice number =192. 
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Functional images were recorded using an echo planar 
imaging (EPI) sequence with the following parameter 
settings: TR/TE, 2,000 ms/30 ms; flip angle, 90°; matrix, 
64×64; FOV, 224×224 mm2; slice thickness/gap, 3.5 mm/ 
1 mm; slice number, 33; and time points, 240. And the DTI 
data were acquired with a diffusion sensitizing gradients 
applied along 64 non-linear directions (b=1,000 s/mm2) 
together with an acquisition without diffusion weighting 
(b=0 s/mm2). The parameters were 74 continuous slices 
parallel to the anterior commissure-posterior commissure 
line with a slice thickness of 2 mm and no gap; TR/TE, 
8,500 ms/63 ms; matrix, 128×128; voxel size, 2×2×2 mm3; 
FOV, 224×224 mm2; and bandwidth, 2,232 Hz/Px.

During the scan, subjects were given additional voice 
reminders to prevent them from falling asleep. There were 
no reports of subjects dozing off or falling asleep during the 
scan.

Functional MRI data preprocessing

Preprocessing of resting-state fMRI (rs-fMRI) images was 
performed using Data Processing & Analysis for Brain 
Imaging (DPABI) software (http://rfmri.org/dpabi) based 
on Statistical Parametric Mapping (SPM12) (http://www.fil.
ion.ucl.ac.uk/spm). The steps are briefly described below: (I) 
slice timing was performed on the remaining 230 volumes 
after the first ten volumes were discarded; (II) all subject 
head movements were corrected using a six-parameter 
rigid-body transformation, and any subjects with head 
movements that exceeded 2.0 mm in translation and 2.0° in 
rotation were eliminated. Given the potential confounding 
effect of head movements on the results, we also calculated 
the mean frame displacement (FD) for subsequent statistical 
analysis; (III) the T1-weighted images were then co-
registered with the corresponding realigned functional 
images and segmented into: grey matter, WM and 
cerebrospinal fluid (CSF); (IV) the resulting images were 
normalized to standard Montreal Neurological Institute 
(MNI) space using the same parameters as for structural 
image normalization and subsequently resampled to a 
resolution of 3×3×3 mm3; (V) the converted images were 
then band-pass filtered in 0.01–0.08 Hz; (VI) regression of 
interference signals generated by Friston 24 head motion 
parameters, CSF signals, and WM signals were conducted; 
(VII) detrending, and smoothing using a 6.0-mm full-width 
at half-maximum Gaussian kernel for each voxel. Data 
from two BN participants and one HC participants were 
eliminated from the head-movement correction step as their 

head movements met the aforementioned exclusion criteria. 
Finally, we included 42 patients with BN and 38 HC (80 
participants in total) in the follow-up analyses.

VMHC calculation

The VMHC was also computed using the DPABI toolbox. 
To minimize geometric differences between the two 
hemispheres, the preprocessed images were registered 
to a bilateral hemispheric symmetric MNI template 
before being used in subsequent VMHC calculation. The 
interhemispheric homotopic connectivity was calculated as 
the Pearson correlation coefficient between the time series 
of a voxel and that of its mirror-symmetric voxel, which was 
known as the VMHC. The Fisher’s r-to-z transformation 
was then applied to the correlation coefficients (25).

Seed-based FC calculation

Using the DPABI toolbox, the FC calculations were 
carried out in a seed-to-voxel manner. Brain regions with 
significant between-group differences in VMHC maps 
were used as seeds. By averaging the time series of all the 
voxels within each seed, the reference time series for each 
seed was derived. Next, the temporal correlation between 
the reference time series for each seed and the time series 
for each voxel throughout the entire brain was calculated 
to perform a voxel-wise FC analysis. Finally, Fisher’s r-to-z 
transformation was applied to normalize the correlation 
coefficient maps to increase their normality.

CC structural calculation

DTI data of 80 subjects (42 BN patients and 38 HCs) 
included in the above steps were preprocessed. First, 
the raw DTI data was checked visually, no data with 
obvious artifacts were removed, and then the raw images 
were converted to NIfTI format. Whereafter, MP-PCA 
denoising was completed in DWI denoising of MRtrix3 
using 5-voxel window (26). Then we applied MRtrix3’s 
mrdegibbs for Gibbs deranging (27). After that, the 
inhomogeneity of B1 field was corrected by N4 algorithm 
using the DWI deviation corrected by MRtrix3 (28). The 
average intensity of all b=0 images was matched across each 
separate DWI sequence through the adjustment of the 
average intensity in the DWI series. Eddy distortion and 
subject’s head movement were corrected in FSL software 
(version 6.0.3) (29). The spatial distortion of eddy current 

http://rfmri.org/dpabi
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was characterized by first-level linear model and second-
level linear model. Next, we forcefully assigned the q space 
coordinates to the shell, separated the Field offset from 
the subject motion, and subsequently aligned the shells 
in the rear. We then ran Eddie’s outlier replacement (30),  
replacing the data for the group that differs from the 
predicted value by more than 4 standard deviations with 
the predicted value. Finally, jac method was utilized for 
interpolation.

Subsequently, the fractional anisotropy (FA) value 
calculation and fiber tract quantification were conducted 
using the automated fiber quantification (AFQ) method 
proposed by Kruper et al. on AFQ software (https://
github.com/yeatmanlab/pyAFQ) (31). This method 
provides comprehensive characterization of white matter 
fiber bundles. Compared with the conventional whole-
tract analysis approach, this method can reveal the 
microstructural changes of white matter more sensitively. 
The primary processes were summarized as follows: (I) a 
deterministic streamline tracking algorithm was performed 
for whole brain tractography. The tracking was seeded at 
the thresholds with FA values >0.2 and turning angle <45°. 
(II) Fiber tract segmentation was performed in waypoint 
region of interest (ROI)-based procedure (32), and fiber 
tract refinement based on probability mapping was then 
conducted (33). (III) Fiber tracts cleaning into a compact 
tract spanning using the outlier rejection algorithm (34). (IV) 
Diffusion measurements were quantified by sampling each 
fiber bundle at 20 equidistant nodes. (V) Then, the major 
callosum forceps, the middle part of corpus callosum and 
minor callosum forceps, totally three whiter matter tracts 
were identified (32), and the mean value of average FA 
values for each node along with each tract were calculated. 
These values were then numerically weighted according to 
the consistency of the trajectory of the streamline in which 
they were located with other streamlines in the same fiber 
bundle, i.e., the contribution of the streamline in which 
they were located. (VI) Finally, we excluded subjects with 
missing data and adjusted the degrees of freedom for each 
fiber tract analysis as appropriate.

Statistical analyses

Group differences in demographic and behavioral and 
psychological data were compared using SPSS version 24.0. 
Kolmogorov-Smirnov test was applied for data normality 
test. The two-sample t-test was used to analyze data that 
fit the normal distribution; otherwise, the parametric test 

(Mann-Whitney U test) was used. The Chi-squared test 
was used to test gender variables. The significance of group 
differences was established to P<0.05.

Using the SPM12 toolbox (https://www.fil.ion.ucl.ac.uk/
spm/), a two-sample t-test with age, sex, education level, 
body mass index (BMI), and mean FD as covariates was 
performed to compared group differences in VMHC and 
FC across the whole brain. Cluster-level false discovery rate 
(FDR) correction was used for the multiple comparison 
corrections of the results, with a corrected threshold of 
P<0.05.

For AFQ analysis, we used two-sample t test to compare 
the group differences of mean FA values between HC and 
BN groups at 1–20 nodes along each fiber tracts. The 
multiple comparison corrections for results were performed 
using FDR correction with a corrected threshold of P<0.05.

Correlation analyses

We used the DPABI toolbox to extract VMHC and FC 
values for regions showing significant group differences. 
And we used the partial correlation analysis with age, sex, 
education level, BMI, and mean FD values as covariates 
to explore correlations between the imaging variables and 
clinical variables (including disease duration, binge eating-
purging frequency and scores of DEBQ, EDI-BN, EAT-26, 
BDI and SAS). Then, we used the FDR correction to make 
multiple comparison correction for the results of correlation 
analysis, and the significant threshold was set at adjusted 
P<0.05.

We used the partial correlation analysis to investigate 
the correlations between altered VMHC values and 
mean FA values of altered fiber tracts (revealed by group 
comparisons). And we also performed the seed-based 
fiber tracking to make it clear that whether the white fiber 
between the bilateral brain regions with group difference in 
VMHC was through the area where the structure of the CC 
is changed. For the detailed steps for the seed-based fiber 
tracking, please refer to Appendix 1.

Moreover, to investigate whether the potential influence 
of VMHC on abnormal behaviors were mediated by 
abnormal WM microstructure of CC in the BN group or 
in all participants, we performed a standard three-variable 
mediation analysis on R package Mediation (version 
4.5.0). The bias-correction significance of the mediation 
was estimated using the bootstrap strategy with 1,000 
resampling iterations, and the statistically significance was 
set to P<0.05.

https://github.com/yeatmanlab/pyAFQ
https://github.com/yeatmanlab/pyAFQ
https://www.fil.ion.ucl.ac.uk/spm/
https://www.fil.ion.ucl.ac.uk/spm/
https://cdn.amegroups.cn/static/public/QIMS-23-18-Supplementary.pdf
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Table 1 Demographic and clinical characteristics of all participants

Variable Bulimia nervosa patients (n=42) Healthy controls (n=38) P

Sex (F/M) 41/1 36/2 0.50a

Age (years) 23.76±5.45 24.97±2.34 0.21b

Education level (years) 16.40±1.75 17.24±2.22 0.07b

BMI (kg/m2) 21.16±4.10 20.45±1.67 0.32b

Mean FD 0.12±0.06 0.12±0.04 0.45b

Illness duration (months) 41.38±43.29 NA NA

Binge eating-purging frequency (times/week) 6.19±4.58 NA NA

DEBQ-restrained 39.45±6.39 28.95±7.46 <0.001b*

DEBQ-emotional 47.33±10.95 26.24±9.63 <0.001b*

DEBQ-external 35.71±5.95 30.74±4.33 <0.001b*

EDI-BN 33.40±6.08 10.95±4.12 <0.001b*

EAT-26 46.10±11.80 12.11±10.14 <0.001b*

BDI 22.43±7.13 4.47±5.83 <0.001b*

SAS 54.78±11.62 33.64±8.63 <0.001b*

Data are presented as the mean ± SD. a, Chi-square test; b, two-sample t-test; *, the results were statistically significant (P<0.05). F, female; 
M, male; BMI, body mass index; FD, frame displacement; DEBQ, Dutch Eating Behavior Questionnaire; EDI-BN, bulimia subscale of the 
Eating Disorders Questionnaire; EAT, Eating Attitude Test; BDI, Beck Depression Inventory; SAS, Self-Assessment of Anxiety Scale; NA, 
not applicable.

Results

Demographic and clinical characteristics

Demographic and clinical data for BN patients and HCs 
are summarized in Table 1. A total of 42 BN patients and 
38 HCs completed this study. There were no significant 
differences between the two groups in terms of age, sex, 
education level, BMI and FD. The BN group had higher 
scores on each scale and its subscales than the HC group.

Group differences in VMHC

Compared to HCs, patients with BN had significantly 
increased VMHC in the bilateral orbitofrontal cortex (OFC) 
(cluster size =70, peak t value =5.65, peak coordinates in 
MNI =±51, 42, −12) and middle temporal gyrus (MTG) 
(cluster size =52, peak t value =5.65, peak coordinates in 
MNI =±63, −63, 6). The results were corrected by the 
cluster-level FDR correction with a corrected threshold of 
P<0.05 and cluster size >42 (Figure 1).

Group differences in FC

Since the VMHC of both bilateral OFC and MTG showed 
significant differences between groups, we selected four 
seed points for seed-based FC analysis, namely, the left/
right OFC and the left/right MTG, respectively. Compared 
with the HC group, the BN group displayed increased FC 
between the left OFC and right OFC, bilateral MTG, left 
middle occipital gyrus (MOG) and right precuneus (PCUN); 
between the right OFC and left cerebellum crus II and right 
PCUN; and between the left MTG and the right inferior 
temporal gyrus (ITG), right cerebellum lobule VI and right 
medial superior frontal gyrus (SFGmed) (cluster-level FDR 
correction with a corrected threshold of P<0.05 and cluster 
size >164, >167 and >117, respectively) (Table 2 and Figure 2).

Group differences in WM microstructure of CC

Compared to HCs, patients with BN showed a significant 
decrease in WM FA values of the middle part of CC 
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Figure 1 Group differences of VMHC between BN patients and HCs. (A) The warm-color areas represent brain regions where VMHC values of 
BN patients were significantly higher than those of HCs. (B) VMHC z scores of BN vs. HC in regions with group differences of VMHC. (cluster-
level FDR correction with a corrected threshold of P<0.05). VMHC, voxel-mirrored homotopic connectivity; BN, bulimia nervosa; HC, healthy 
control; OFC, orbitofrontal cortex; MTG, middle temporal gyrus; FDR, false discovery rate. **, The results were statistically significant (P<0.01). 

 OFC MTG
Brain region

−15 −12 −9 −6 −3

0 +3 +6 +9 +12
LR

T value

5.65

4.71

3.77

2.83

1.88

0.94

0.00

** **

BN
HC

2.0

1.0

0.5

0.2

0.1

V
M

H
C

A

B

(CCMid) (node 18) (FDR correction with a corrected 
threshold of P<0.05) (Figure 3).

Correlations between VMHC alterations and CC 
alterations

In BN patients, the VMHC values of OFC and MTG 
showed no correlations with the FA values of the CCMid. 
And the seed-based fiber tracking showed that the white 
fibers between the bilateral OFC and MTG were not 
through the area where the structure of the CC was 
changed (i.e., CCMid). In the mediation analysis, we did 
not find a mediating role for the WM microstructure of CC 
in the effect of VMHC on abnormal behaviors.

Correlations between imaging variables and clinical 
variables

In BN group, there was no correlation between the FA 
values of CCMid or VMHC values of OFC/MTG and 
clinical data in this study. The correlations between altered 
FC and clinical data did not survive the FDR correction 
(adjusted P<0.05). Thus, the following results show a trend 
of correlation at P<0.05 (uncorrected). The FC values of 
left OFC and left MOG showed a positive correlation trend 
with binge eating-purging frequency (r=0.405, P=0.009, 
uncorrected). The FC values of left OFC and right PCUN 
were positively correlated with both binge eating-purging 
frequency (r=0.339, P=0.03, uncorrected) and DEBQ-
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emotional scores at a trend level (r=0.345, P=0.027, 
uncorrected). In addition, the FC values of left MTG and 
right ITG were positively correlated with DEBQ-emotional 
scores at a trend level (r=0.384, P=0.013, uncorrected) 
(Figure 4).

Discussion

In this study, we explored BN-related interhemispheric 
communications from both functional and structural 
perspectives. Consistent with our hypothesis, we found 
specific alterations of interhemispheric communication in 
BN as well as abnormal FC between regions with aberrant 
VMHC and other specific areas of the brain. There were 
three primary findings: (I) BN patients exhibited enhanced 
VMHC of the bilateral OFC and MTG, while decreased FA 
of the CC compared to HCs. (II) And the OFC and MTG 
showed hyperconnectivity with visual, reward-related and 
self-referential regions. (III) Hyperconnectivity between 
OFC and other regions exhibited significant correlation 
with binge eating-purging and emotional-eating behaviors 
in BN patients.

The aberrant WM properties of CC observed in the 
present study are in accordance with previous studies on 
BN (35), and in those studies, researchers also found a 
correlation between FA reduction in CC and the severity 

of symptoms (36). Hence, we can reasonably postulate that 
impaired CC WM microstructure is associated with the 
neural mechanism underlying BN. Structural deficits in the 
CC may lead to variations in VMHC, which was supported 
by the aberrant functional coherence between hemispheres 
in callosotomized patients (37). Given the importance of 
the CC in modulating functional coordination between 
hemispheres, this study had also explored the correlation 
between FA value of CC and VMHC, but did not find 
them to be correlated. And we found that the white fibers 
between the bilateral OFC and MTG were not through 
the area where the structure of the CC was changed. We 
cautiously speculate that the independence between the 
structural alterations in CC and the alterations in VMHC 
may be related to the indexes we used or the dimensions 
we explored in the present study, and the association 
between the CC structure and interhemispheric functional 
connectivity of BN needs to be further explored in future 
studies with different analysis techniques and analysis 
dimensions and with larger sample sizes.

This study found enhanced VMHC in the OFC of 
patients with BN. Parallelly, we previously reported 
increased OFC volume in BN patients (38). Mounting 
researches have proved the involvement of the OFC in the 
neural mechanism of BN from the perspectives in brain 
activation pattern (39), structural network properties (11) 

Table 2 Group differences in seed-based FC (BN vs. HC)

Seed region Regions with altered FC Cluster size Peak t value
Peak coordinates (MNI)

X Y Z

OFC.L OFC.R 210 4.57 51 36 −12

MTG.L 180 4.92 −54 −15 −15

MTG.R 165 4.59 42 −15 −15

MOG.L 282 4.92 −6 −102 6

PCUN.R 219 4.43 9 −57 33

OFC.R Cerebellum Crus2.L 226 4.44 −18 −81 −36

PCUN.R 167 4.61 0 −81 48

MTG.L ITG.R 137 5.19 54 −42 −27

Cerebellum 6.R 117 4.32 21 −75 −18

SFGmed.R 169 4.46 6 69 −9

FC, functional connectivity; BN, bulimia nervosa; HC, healthy control; MNI, Montreal Neurological Institute; OFC.L, left orbitofrontal cortex; 
OFC.R, right orbitofrontal cortex; MTG.L, left middle temporal gyrus; MTG.R, right middle temporal gyrus; MOG.L, left middle occipital 
gyrus; PCUN.R, right precuneus; Cerebellum Crus2.L, left cerebellum crus II; ITG.R, right inferior temporal gyrus; Cerebellum 6.R, right 
cerebellum lobule VI; SFGmed.R, right medial superior frontal gyrus.
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Figure 2 Group differences of seed-based FC between BN patients and HCs (seeds regions are OFC.L, OFC.R and MTG.L, respectively). 
(A1-A2) Axial and sagittal views of the results of seed-based FC analysis with the OFC.L set as the seed. (A3) FC z values of BN vs. HC between 
OFC.L and OFC.R/MTG.L/MTG.R/MOG.R/PCUN.R. (B1-B2) Axial and sagittal views of the results of seed-based FC analysis when with 
the OFC.R set as the seed. (B3) FC z values of BN vs. HC between OFC.R and Cerebellum Crus 2.L/PCUN.R. (C1-C2) Axial and sagittal 
views of seed-based FC results with the MTG.L set as the seed. (C3) FC z values of BN vs. HC between MTG.L and ITG.R/Cerebellum 6.R/
SFGmed.R. (D) Seed-based FC patterns, as evidenced in this “connectome ring” (cluster-level FDR correction with a corrected threshold of 
P<0.05). FC, functional connectivity; BN, bulimia nervosa; HC, healthy control; OFC.L, left orbitofrontal cortex; OFC.R, right orbitofrontal 
cortex; MTG.L, left middle temporal gyrus; MTG.R, right middle temporal gyrus; MOG.L left middle occipital gyrus; PCUN.R, right 
precuneus; Cerebellum Crus2.L, left cerebellum crus II; ITG.R, right inferior temporal gyrus; Cerebellum 6.R, right cerebellum lobule VI; 
SFGmed.R, right medial superior frontal gyrus; FDR, false discovery rate. **, The results were statistically significant (P<0.01). 
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Figure 3 Group differences of FA values in CC between BN patients and HCs. (A) Anatomical diagram of the CCMid. (B) Node diagram 
of the CCMid fiber tract (shaded areas indicate the regions with altered microstructure). (C) Mean FA values of BN vs. HC in CCMid. (FDR 
correction with a corrected threshold of P<0.05). FA, fractional anisotropy; BN, bulimia nervosa; HC, healthy control; CC, corpus callosum; 
CCMid, middle part of corpus callosum; FDR, false discovery rate. **, The results were statistically significant (P<0.01). 

Figure 4 Correlations between imaging variables and behavioral manifestations in BN patients. (A) Correlation of FC (OFC.L-MOG.
L) with binge eating-purging times per week. (B) Correlation of FC (OFC.L-PCUN.R) with binge eating-purging times per week. (C) 
Correlation of FC (OFC.L-PCUN.R) with DEBQ-emotional scores. (D) Correlation of FC (MTG.L-ITG.R) with DEBQ-emotional 
scores. These results were not corrected for multiple comparisons. BN, bulimia nervosa; OFC.L, left orbitofrontal cortex; MOG.L, left 
middle occipital gyrus; PCUN.R, right precuneus; DEBQ, Dutch Eating Behavior Questionnaire; MTG.L, left middle temporal gyrus; 
ITG.R, right inferior temporal gyrus.
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and FC (8). OFC is involved in hedonic food processing 
and plays a central role in food value-directed eating 
behavior (40). It represents the affective value of reinforcers 
in the board context of decision making (41). Although 
the pathophysiological mechanisms of BN remain 
unclear, abnormal brain reward mechanism has been 
widely reported. In patients with binge eating disorder, 
OFC activation was reported to be positively correlated 
with reward sensitivity when viewing food images (42). 
Moreover, research has suggested a possible link between 
eating disorder subjects’ preternatural eating behavior 
and their supposedly disorganized reward processes (43). 
The enhanced VMHC of OFC may be interpreted as an 
indexing tendency towards increased coordinated processing 
in reward. Since increased reward sensitivity (44) and reward 
dependence (45) are prominent and characteristic clinical 
manifestations of BN, we speculate that such manifestations 
require excessive functional coordination of brain regions 
related to reward, and VMHC enhancement of OFC 
may be the neural basis of such clinical manifestations. 
OFC may be a potential therapeutic target to reverse the 
corresponding behavioral abnormalities.

Another area identified to have increased VMHC 
in this study is the MTG, specifically the part located 
in the occipitotemporal junction. This area belongs 
to the extrastriate body area (EBA), which is a body-
selective visual cortex that responds strongly to images of 
body parts and is dedicated to the visual perception and 
processing of body information (46). Vocks et al. (47) found 
increased EBA activation in patients with AN following 
cognitive-behavioral body image treatment, supporting its 
pivotal role in body image perception. Of note, excessive 
preoccupation with body shape and distorted body image 
perception is another robust characteristic of BN in 
addition to abnormal eating behavior (48). A meta-analysis 
based on 42 articles concluded that both AN and BN 
patients misjudged their body size (49). EBA alterations 
are highly associated with body size distortion; Mohr  
et al. (50) observed that the EBA activity of healthy subjects 
increased when they viewed body size distortion, while 
such modulation was absent in the BN group. Therefore, 
the enhancement of VMHC may imply an excessive 
interhemispheric exchange of information about the 
perception of body shape, which leads to an overconcern 
for body shape. And MTG is a potential target for reversing 
the morbid body image perception in patients with BN.

It has recently been suggested that higher levels of 
interhemispheric functional homotopy in a given region 

signify its crucial role in the regional hierarchy within 
brain network and that strong functional homotopy may 
be responsible for enabling more reliable integration of 
information (17). Therefore, we presume that the OFC 
and MTG might be the key nodes in the reorganized 
neural network of BN. Subsequent seed-based FC analysis 
confirmed our hypothesis, revealing abnormal FC between 
regions with abnormal VMHC and other specific regions, 
more specifically, between the OFC and MTG, MOG, 
PCUN, cerebellum and between MTG and ITG, SFGmed 
and cerebellum. Both the MTG and MOG belong to the 
occipitotemporal network, which is associated with body 
image perception (51). The occipital cortex, an area that 
regulates the visual perception of body shape, is thought 
to be associated with the perception of inappropriate 
body image (52). The ITG, a key component in visual 
comprehension, is connected posteriorly to the inferior 
occipital gyrus, perceiving and processing visual stimuli 
amplified in the occipital region (53). Receiving and 
processing body image input relies heavily on the primary 
sensorimotor cortex as well as temporo-parietal-occipital 
visual-related cortex (54,55). In BN, the integrity of the 
WM of uncinate fasciculi, which connects the visual-related 
areas of the prefrontal, temporal and occipital cortices, 
was compromised, and reduced FA in this tract was most 
pronounced in individuals most concerned about their body 
shape (36). The SFGmed is a part of the ventral medial to 
the prefrontal cortex (vmPFC) (56). A task-state fMRI study 
by Fischer et al. (57) detected reduced activity in reward-
related areas in response to food cues in patients with 
BN, including the vmPFC, anterior cingulate cortex and 
amygdala. The vmPFC exerts a wide range of regulatory 
effects on food valuation processes, thereby influencing 
dietary decision-making and control (58). Our study links 
the FC alterations among regions associated with processing 
of reward (OFC and vmPFC) and body image information 
(MTG, MOG and ITG). Given that patients with eating 
disorders consider their body shape as a predominant 
referent for inferring personal value (59), we speculate 
that excessive attention to body image in BN patients may 
induce the recoding of the reward value of food, which may 
be relevant to the pathogenesis and maintenance of binge-
eating behavior. This speculation is further supported by 
the correlation trend between the FC (the OFC-MOG) and 
the frequency of binge eating-purging (reflects the severity 
of disease).

The PCUN plays a central role in a range of higher 
cognitive activities and is a core component of the  
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DMN (60). DMN is responsible for self-referential 
thinking, and its increased activity correlates with over-
focusing on negative aspects of oneself (61). Behavioral 
studies revealed that, for BN patients, the purpose of 
consuming large amounts of food is to relieve their negative 
emotion, which was partly aroused by excessive focus on 
negative self-referential thoughts (62,63). Taken together, 
such hyperconnectivity reflects the potential synergistic 
effect of self-negative cognition and abnormal reward 
mechanisms on eating behavior, and the correlation trend 
of such hyperconnectivity with the binge eating-purging 
frequency and emotional eating behavior shown in this 
study further supports this presumption.

Intriguingly, we also found increased FC between the 
OFC/MTG and the cerebellum. Although little is known 
about the involvement of the cerebellum in the neural 
mechanisms of BN, recent studies of the cerebellum in the 
context of eating and feeding behavior have demonstrated 
that the cerebellum is implicated in food-related processing 
(64,65). The cerebellum in AN patients displayed 
hyperactivation when processing food stimuli (66). Even 
though our study found abnormal FC between the cerebrum 
and cerebellum, the exact mechanism of cerebello-cerebral 
connectivity in BN is not fully expounded and further 
research is needed to clarify such connectivity pattern.

The present study has some limitations that should be 
acknowledged. Firstly, though our study found that FC 
between OFC and other specific regions was associated with 
abnormal eating behavior in BN patients at a trend level, 
the precise neural mechanisms need to be elucidated with 
a more targeted experimental design. Second, our analysis 
was based on cross-sectional data. In the future, we plan 
to use a longitudinal design to analyze dynamic changes in 
interhemispheric coordination over time in BN. Finally, 
the sample size of this study was modest, which limited its 
statistical power. Studies with more participants are needed 
to further validate the reliability of our findings.

Conclusions

In conclusion, this study revealed aberrant interhemispheric 
communications from both structural and functional 
perspectives in BN. We found that the WM microstructure 
of CC, the major WM fiber tract connecting the two 
hemispheres, was impaired, and that the OFC and MTG 
had enhanced VMHC. The changes in interhemispheric 
functional and structural connectivity of BN may be 
independent of each other. As the key nodes in the 

reorganized network, the OFC and MTG showed abnormal 
functional hyperconnectivity with regions related to reward 
processing, body shape perception, and self-reference. 
These findings may provide novel insight into the neural 
circuitry underlying the complex behavioral deficits in BN 
and provide potential targets for treatment.
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Appendix 1 Seed-based fiber tracking

To generate seed regions for tractography, whole-brain tractography was performed using the iFOD2 algorithm, which 
employs second-order Integration over fiber orientation distributions. A total of ten million streamlines were randomly 
seeded throughout the entire brain volume. Regions of interest (ROIs) were defined on the fractional anisotropy (FA) image, 
i.e., the brain regions with group difference in voxel-mirrored homotopic connectivity (VMHC). The orbital part of the 
inferior frontal cortex (OFC) and middle temporal gyrus (MTG) regions exhibiting significant group differences (VMHC) 
were registered into each subject’s T1 space and used as inclusion regions in separate runs (two runs in total, one for OFC and 
one for MTG). Tracking was terminated upon the initiation of a cumulative count of 100,000 tracks. 

The MRtrix software package was employed for the implementation of tractography. The probabilistic “bootstrap” 
algorithms were utilized for diffusion tensor imaging (DTI)-based tractography, while probabilistic constrained spherical 
deconvolution (CSD)-derived tractography was performed using the iFOD2 algorithm. The default settings in MRtrix were 
employed for these tractography methods. Tract density maps were generated in the native structural brain space using the 
MRtrix software package, and a threshold of 10 streamlines per voxel was applied to mitigate the inclusion of potentially 
spurious tracts.

In summary, bilateral MTG and OFC regions were used as seed regions, respectively, for targeted fiber tracking. And then 
observe whether the tracked target fiber bundles traverse the corpus callosum structurally altered region (CCMid).
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