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Abstract

Purpose Binge eating disorder (BED) is characterized by frequent and persistent overeating episodes of binge eating without
compensatory behaviors. The aim was to evaluate regional gray matter volume (GMV) abnormalities and appetite-regulating
hormone levels (NPY and Leptin) in obese subjects either with or without BED compared to healthy controls (HC).
Methods Twenty-six obese patients with BED, 25 obese patients without BED and 27 healthy subjects as an age-matched
control group with neuroimaging and appetite-regulating hormone levels were found eligible for regional GMV abnormalities.
A structural magnetic resonance scan and timely blood samples were drawn to assess the appetite-regulating hormone levels.
Results The BED obese patients had a greater GM Vs of the right medial orbitofrontal cortex (OFC) and the left medial
OFC compared to the non-BED obese patients. BED patients were characterized by greater GMV of the left medial OFC
than HCs. Relative to the HCs, higher serum NPY levels were found in BED obese and non-BED obese groups. Serum
leptin levels (pg/mL) had positively correlations with GMV in right medial OFC, left medial OFC, right lateral OFC, and
left anterior cingulate cortex.

Conclusion Among the reward processing network, which is largely associated with feeding behaviours in individuals with
obesity and binge eating disorder, the OFC volumes was correlated with serum leptin concentrations. The results of our
study may provide a rationale for exploring the link between regional grey matter volumes and appetite-related hormone
levels in people with BED.

Level of evidence Level III, case—control analytic study.

Keywords Binge eating disorder - Adolescent - Obesity - Neuroimaging - Leptin - Neuropeptide Y

Introduction weight, and eating concerns), general psychopathology (e.g.,

mood and anxiety symptoms), and impaired health-related

Binge eating disorder (BED) is an eating disorder character-
ized by frequent and persistent overeating episodes of binge
eating without compensatory behaviors (e.g., self-induced
vomiting) according to the Diagnostic and Statistical Manual
of Mental Disorders (DSM), 5th edition [1]. BED is more
prevalent than other eating disorders with an estimated
1.9-2.8% of the general population and 1.6% of adolescents
(13-18 years) [2—4]. In addition to being prevalent, BED in
adolescence and adults is associated with significant eat-
ing-disorder psychopathology (i.e., dietary restraint, shape,
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quality of life independent from the existence of comorbid
obesity [4-6]. Due to these relevant comorbidities, some
researchers suggest that BED appears to represent a dis-
tinct familial phenotype in people with obesity [7]. Another
exploratory study on eating disorders among adolescents
found some risks, such as parental weight-related teasing
and dieting, directly associated with binge eating and obe-
sity [8]. Despite the high rates of comorbidity between BED
and obesity, studies on the functional and neurobiological
features of these eating disorders are scarce.

In recent decades, neuroimaging techniques have pro-
vided information on biological features between neurologi-
cal processes and eating disorders. For example, models of
binge-type eating in rodents emphasizes the importance of
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insular activation which regulate both binge eating and cue
reactivity [9]. Previous studies have predominantly focused
on the grey matter volume (GMYV) and activities in indi-
viduals with BED compared to other eating disorders (e.g.,
bulimia nervosa) and healthy controls (HC) [10-14]. Schafer
and colleagues reported increased GMV in the medial orbit-
ofrontal cortex (OFC) and anterior cingulate cortex (ACC)
in the BN and BED groups compared to HC participants
reflecting possible alterations in food reward processing
[11]. Schienle et al. conducted a functional Magnetic Res-
onance Imaging (fMRI) with BED, BN, and HC partici-
pants to investigate the neural correlates of visually induced
reward-related activity to visually presented high-caloric
food. Consistent with structural MRI findings, participants
with BED who underwent fMRI while viewing food images,
showed greater OFC activity than BN and HCs groups [12].
In another fMRI study examining neural response to visual
food stimuli, patients with BED experienced significantly
higher activation in the ventral striatum compared to HCs
[13]. Interestingly, Balodis and colleagues who used non-
food reward processing, with decreased activity in bilateral
ventral striatal regions reported in BED patients compared to
a BMI-matched non-BED group [14]. Lastly, one study used
Single-Photon Emission Computed Tomography (SPECT),
finding regional cerebral blood flow (rCBF) in BED partici-
pants, with significantly increased in left frontal and prefron-
tal regions [15].

Current evidence suggests that some neuropeptides (neu-
ropeptide Y (NPY), peptide YY (PYY), and leptin) play
an important role in appetite and weight regulation [16].
Leptin is produced by adipocytes and acts on central neural
networks, especially in the hypothalamus [17]. The most
important mechanism of leptin is to inhibit the release and
expression of NPY from the arcuate nucleus, primarily
involved in pituitary hormone regulation and increasing
appetite [18]. Recent studies suggested NPY and leptin lev-
els might be explain feeling hungry more frequently, which
could give rise to binge eating; however, findings were inco-
herent regarding the association between NPY, leptin levels,
and binge eating behavior [19-22].

Taken together, these neuroimaging and biochemical
techniques provide limited information on whether varia-
tions serve as a cause or a consequence of disordered eat-
ing behaviors. Based on the current literature, most of the
studies have investigated the associations of plasma leptin
levels and cortical thickness in obesity and AN (either
separately or together). It is not known to what extent
the increases in GMVs reflect local interactions of the
appetite-related hormone receptors in the brain and levels
in blood serum. This is the “chicken or the egg” ques-
tion faced by many professionals who treat people with
eating disorders-it is difficult to determine which comes
first. For this reason, some researchers have focused on
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neuroendocrine abnormalities of the hypothalamic—pitui-
tary—adrenal axis which could be involved in the neuroen-
docrine control of bingeing behavior. To the best of our
knowledge, this is the first study which aimed to evaluate
regional GMV abnormalities and appetite-regulating hor-
mone levels (NPY and leptin) in obese individuals either
with or without BED compared to HCs. We hypothesized
that obese patients with BED would have greater volume
in the OFC, and the ACC compared to obese patients with-
out BED and HCs, based on prior studies [10]. Also, we
expected to find the relationship between appetite-regulat-
ing hormone levels and GMVs would be altered in BED.

Materials and methods
Participants

Fifty-one adolescents (12—18 years) with a body mass
index (BMI) at or above the 95th percentile were recruited
from outpatient units at the Department of Pediatrics and
Department of Pediatric Endocrinology and Metabolism
in Dokuz Eylul University Faculty of Medicine [23]. BED
diagnosis was determined at admission by a clinical evalu-
ation performed by trained psychiatrists, and according to
the DSM-V criteria. The obesity sample was divided into
two different diagnostic groups: obesity with BED (n=26)
and obesity without BED (n=25). One obese BED out-
patient was excluded because of refusing to participate.
Exclusion criteria included the history of psychotic dis-
order or hospitalization for psychiatric illness, intellec-
tual disability, psychotic symptoms, drug/alcohol abuse,
bipolar disorder, neurological disorders or traumatic brain
injury, claustrophobia, attention-deficit and hyperactivity
disorder, left-handedness, presence/absence of a history
of AN or BN, and antipsychotic medication. Seven par-
ticipants (One obese BED, one obese non-BED, and five
HC) were excluded from Magnetic Resonance Imaging
(MRI) scanning because of technical problems (e.g., den-
tal braces, metal implants, schedule incompatibilities). The
population-based HC group (n=27) was matched with the
other two groups according to age, gender, and educational
status. Inclusion criteria for the HC group were BMI rang-
ing from > 25th to < 75th percentile, the absence of cur-
rent or lifetime psychiatric illness, and chronic medical
condition history. Other exclusion criteria were the same
for the other groups.

The study was performed in accordance with the Dec-
laration of Helsinki and was approved by the Ethics Com-
mittee of The Dokuz Eylul University (Date: January 1,
2016, Decision Number: 2016/20-03, Protocol Number:
349).
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Procedure

Written informed consents were obtained from all adoles-
cents who were invited to the study and met inclusion crite-
ria and their parents, respectively, and study procedures were
fully explained before the participants were evaluated to be
recruited in the study. The participants completed a soci-
odemographic data form before blood sampling and MRI
scanning. Their height was measured with the Harpenden
stadiometer with an accuracy of 0.1 cm, and body weight
was measured using a scale (SECA, Hamburg, Germany)
with a sensitivity of 0.1 kg while wearing light clothing.
The BMI was calculated by dividing body weight (kg) by
height squared (m?) for each patient. Obesity was defined as
BMI > 95 percentile for the obese group, according to the
criteria of the Centers for Disease Control and Prevention
data [23].

K-SADS-PL: The diagnostic procedure and confirmation
of comorbidities included a semi-structured interview with
the adolescent using the Schedule for Affective Disorders
and Schizophrenia for School-age Children, Present and
Lifetime Version (K-SADS-PL; Kaufman et al.) [24]. The
Turkish psychometric evaluations of the K-SADS-PL were
conducted by Gokler and colleagues [25].

Eating Disorder Examination Questionnaire (EDE-Q):
Eating behaviors were evaluated by the EDE-Q [26], which
was developed to assess problematic eating behaviors and
attitudes. In the Turkish psychometric evaluations [27],
Cronbach’s alpha internal consistency reliability coefficient
value was 0.93 and the test-retest reliability was 0.91.

Children Depression Inventory (CDI): Depressive symp-
tomatology was assessed with the CDI, a self-rated and
symptom-oriented 27-item questionnaire [28].

Blood sampling and biochemical assays

The blood specimens from fasting subjects were drawn via
venipuncture from the antecubital vein (between 8 and 10
AM). After allowing 60 min for spontaneous blood clotting,
the serums were separated from the blood cells by centrifu-
gation at 900g for 10 min. The serums were diluted before
analysis according to the manufacturer’s instructions.

Serum leptin levels were measured by a sandwich immu-
noassay with the Leptin Human Leptin PicoKined ELISA
kit (Cat no EK0437, Boster, US). According to the manufac-
turer’s declaration, the sensitivity of the method was 10 pg/
mL, the measuring range was 62.5-4000 pg/mL, and the
coefficient of variation (CV)<5.9%.

Serum NPY levels were measured with the Human Neu-
ropeptide Y (NPY) ELISA kit (Cat no CSB-E08168h, CUS-
ABIO, China) by a sandwich immunoassay. According to
the manufacturer’s declaration, the sensitivity of the method
was 0.105 pg/mL, the measurement range was 0.78-50 pg/

mL, intra-assay coefficient of variation (CV) < 8.0%, and
inter-assay CV < 10%.

MRI scanning

MRI was performed using a 1.5 T Philips Tesla Achieva
MRI Scanner and SENSE head coil/8 channel. T1-weighted
volumetric MRI studies were acquired with a spoiled gra-
dient echo technique (time to echo, 3,7 ms; time to repeat,
25 ms; flip angle, 30°; field of view, 240 X240 mm; 140
contiguous 1 mm section thickness).

Analysis were performed with Computational Anatomy
Toolbox (CATI12) (http://www.neuro.uni-jena.de/cat/)
within SPM12 (http://www.fil.ion.ucl.ac.uk/spm/software/
spm12/) while running MATLAB (R2018b; MathWorks,
Natick, MA, USA). The images were segmented into gray
matter (GM), white matter (WM), and cerebrospinal fluid
adding surface and thickness estimation for region-of-inter-
est (ROI) analysis, and normalized to standard space based
on the Montreal Neurological Institute template [29].

CAT12 allows for estimating tissue volumes within ROIs
for each hemisphere separately. The estimated GM volumes
(GMYV) were extracted for ACC and lateral and middle OFC
defined by the LONI Probabilistic Brain Atlas (LPBA40)
[30] using CATI12 “estimate mean values inside the ROI
function. All GMVs were normalized by the ratio between
the volume of ROI and total intracranial volume, provided
by the CAT12 report files, to correct for differences in indi-
vidual brain size.

Statistical analysis

Data was analysed using SPSS version 23.0 (SPSS Inc.,
Chicago, IL, USA). Descriptive statistics included means
and standard deviations; differences between groups were
explored through chi-square (5°) test. Group comparisons
with all groups (obese BED versus obese non-BED versus
HC) used non-parametric testing (Kruskal-Wallis) with one
way ANOVA tests for post hoc comparisons after assessing
normality of distribution and equality of variances using
the Shapiro—Wilk test. Correlation analyses used Spearman
coefficients between the results of the GMV with Appetite-
Related Hormone Levels, EDE Q total score and BMI.

Results

Self-report data and BMI

Table 1 shows the demographic and clinical features of the
study participants. A total of 77 adolescents (25 BED obese,

25 non-BED obese and 27 HCs). There was no statistical
difference between groups regarding age and sex (p > 0.05).
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Table 1 Demographics and clinical characteristics of study participants

Variable BED+OB Non-BED + OB HCs Statistics p Tukey Kramer
(n=25) (n=25) (N=27)

Age, M (SD) 15.04 (1.79) 14.64 (1.73) 14.59 (1.39) F=12.125 0.436 ns

Sex (female), n (%) 17 (68%) 16 (68%) 19 (70.37%) 7=0.244 0.885 ns

BMI-Z score, M (SD) 2.86 (0.36) 2.88(0.41) —0.30 (0.96) F=208.355 <0.001 1=2, 1> 3%*, 2> 3%*

CDIL M (SD) 12.95 (6.03) 10.88 (4.04) 5.30(3.91) F=18.282 <0.001 1=2, 1> 3%*, 2> 3%*

EDE-Q restraint eating, M (SD) 2.10 (1.32) 2.10(1.13) 0.83 (0.81) F=11.643 <0.001 1=2, 1> 3%* 2> 3%*

EDE-Q eating concern, M (SD) 1.40 (1.11) 1.42 (1.13) 0.86 (0.93) F=2.410 <0.001 1=2,1=3,2=3

EDE-Q weight concern, M (SD) 3.01 (1.09) 2.80 (1.06) 1.13 (1.00) F=25413 <0.001 1=2, 1> 3%*, 2> 3%*

EDE-Q shape concern, M (SD) 2.97 (1.48) 2.44 (1.18) 1.13 (0.92) F=16.156 <0.001 1=2, 1> 3%*, 2> 3%*

EDE-Q total score, M (SD) 2.40 (0.91) 2.19(0.78) 0.98 (0.81) F=22.107 <0.001 1=2, 1> 3%*, 2> 3%*

EAT-40 total score, M (SD) 20.96 (9.68) 20.60 (9.08) 11.56 (3.78)

Values in bold indicate statistically significant results
*p<0.05, **¥p <0.01

BMI body mass index, CDI Children Depression Inventory, EDE-Q Eating Disorder Examination Questionnaire, BED + OB Binge Eating Disor-
der Obesity group, non-BED + OB non Binge Eating Disorder Obesity group, HCs Healthy Controls, SD Standard Deviation, ns non significiant

As predicted, BMI scores were lower in the HCs compared
with the other two groups, which did not differ significantly
from each other. Also, Table 1 summarizes the total and
subscale scores of groups from EDE-Q and CDI. Significant
differences have been found between three groups in terms
of Restraint, Weight Concern and Shape Concern Subscales,
EDE-Q- total scores and CDI scores (p <0.05). We found
that the Restraint, Weight Concern and Shape Concern sub-
scale scores, EDE-Q- total scores of BED obese and non-
BED obese groups higher than HC group. There were no
differences in Eating Concern Subscale scores between three
groups (p>0.05).

Table 2 Grey matter volumes and appetite-related hormone levels

Grey matter volumes and appetite-related hormone
levels

The patients with BED and obesity had a greater GMVs of
the right medial OFC and the left medial OFC compared to
the non-BED obese participants (Table 2). Adolescents with
BED and obesity were characterized by greater GMVs of
the left medial OFC than HCs. Relative to the HCs, higher
serum NPY levels were found in BED obese and non-BED
obese groups. All other GMV (insula, ACC and lateral OFC)
and Appetite-Related Hormone Level comparisons as well
as the exploratory analyses were nonsignificant.

Variable BED + OB Non-BED+OB  HCs Tamhane P Post hoc

Serum leptin concentration (pg/mL)  69.92 (28.53)  67.52 (31.43) 69.39 (30.64) F=0.043 0.769 ns

Serum NPY concentration (pg/mL) 60.25 (36.64)  67.72 (36.53) 36.53(29.97) F=14.232 <0.001%* 1=2,1>3%%* 2> 3%
The R part of insula 6.916 (0.608)  7.181 (0.773) 7.185(0.581) F=1.279 0.310 ns

The L part of insula 7.225 (0.686)  7.672 (0.857) 7470 (0.655) F=2.196 0.143 ns

The R part of anterior cingulate 7.871 (0.573)  7.659 (1.036) 7.626 (0.595) F=0.705 0.329 ns

The L part of anterior cingulate 7.318 (0.523)  7.179 (0.937) 7.046 (0.606) F=0.840 0.160 ns

The R part of middle orbital 4.766 (0.345)  4.352 (0.465) 4480 (0.480) F=5.476 0.016* 1>2%%1=3,2=3
The L part of middle orbital 4.649 (0.362)  4.272 (0.431) 4301 (0.500) F=5.582 0.006%** 1>2%% 1>3% 2=3
The R part of lateral orbital 2.618 (0.210)  2.495(0.315) 2.652 (0.290) F=2.123 0.202 ns

The L part of lateral orbital 3.003 (0.224)  2.933(0.328) 2.966 (0.358) F=0.312 0.742 ns

Values in bold indicate statistically significant results
*p<0.05, **p <0.01

BMI body mass index, CDI Children Depression Inventory, EDE-Q Eating Disorder Examination Questionnaire, BED + OB Binge Eating Disor-
der Obesity group, non-BED + OB non Binge Eating Disorder Obesity group, HCs Healthy Controls, SD Standard Deviation, ns non significiant
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Correlations of GMV with appetite-related hormone
levels, EDE Q total score and BMI in BED patients

Serum leptin levels (pg/mL) are positively correlated with
GMV in right medial OFC, left medial OFC, right lateral
OFC, and left ACC. There were no association between
NPY levels, BMI and EDE-Q total score with GMVs,
respectively (Table 3).

Discussion

This is the first study which aimed to investigate the regional
GMYV abnormalities and appetite-regulating hormone levels
(NPY and leptin) in obese individuals either with or without
BED compared to HCs. The present results showed that the
left medial OFC volumes were greater in participants with a
diagnosis of BED compared other groups, and greater right
medial OFC volume compared to the non-BED obese group
which is in line with our hypothesis.

Neuroimaging studies have demonstrated that one key
cortical region for reward processing is the OFC which also
implicated in motivation, goal-oriented behavior and fur-
ther decision-making processes [31, 32]. For example, a
prior study of children with obesity, greater OFC activation
to food pictures has been identified in satiated obese com-
pared to normal-weight children [33]. Furthermore, Schienle
and colleagues (2009) found increased activation of OFC
to images of high calorie foods in patients with BED [12].
Although structural MRI studies in patients with BED are
limited, our study is consistent with previous cross-sectional
study which evaluated regional GMV abnormalities, and
found greater medial OFC volumes in patients with BED
relative to healthy controls [11]. This is consistent with the
clinical features of BED, which is characterized by loss of

control over eating behaviors. These results may reflect a
biobehavioral process which becomes even more rewarding
in patients with BED than the normal satiation of hunger.
Structural imaging studies also have showed lower total
GMVs and reduced regional GM Vs in the striatal, prefron-
tal, and ACC [34, 35]. These areas are implicated in reward,
emotion, and motivation; for example, ACC is ascribed a
role in reward motivation and has been specifically linked
to disinhibition with visual food stimuli [36-38]. A previous
study demonstrated that the higher adolescent adiposity was
most commonly associated with lower GMVs [39]. There
have been inconsistent results in the literature whether the
GMVs are larger or not in the obese children. The cause of
these results may be related to the multifactorial etiology of
the obesity and relatively small samples of the studies.
Second, and regarding to the main objective of this study,
our findings suggest that serum leptin concentrations are
associated with some regional GM Vs (right medial OFC, left
medial OFC, right lateral OFC, and left ACC). Leptin is pro-
duced mainly by adipocytes of the white adipose tissue and
circulating concentrations correlate with the amount of body
fat. Leptin plays key role within the CNS, particularly in hypo-
thalamus to alter brain pathways via leptin receptors to influ-
ence food intake [40]. We didn’t find any significant differ-
ence between leptin levels between obese and HC groups. One
possible explanation for this result may be related with acute
changes in serum leptin concentrations. Also, the relationship
between leptin and brain volumes has not been definitively
clarified. In functional MRI studies, researchers observed
greater OFC activation which associated with reward- and
food-processing in a congenital leptin-deficient patient after
acute and long-term leptin replacement [41]. In their follow
study conducted after 12 and 24 months, a stabilization of
the long-term effects in the OFC was observed with visual
high- and low-caloric food pictures and non-food pictures [42].

Table 3 Correlation analyses between EDE-Q total scores, appetite-related hormone levels, BMI and GMVs in BED patients

Leptin levels, (pg/  p value NPY levels, (pg/  p value BMI, (kg/m?), p value Ede-Q total p value
mL) Spearman’s mL), Spearman’s Spearman’s score, Spear-
rho rho rho man’s tho
TheR part of insula r=0.14 0239 r=-020 0.094 r=-020 0.105 r=-0.14 0.235
TheL part of insula r=0.07 0589 r=-0.15 0223 r=-0.17 0.168 r=-10.08 0.526
The R part of anterior r=0.20 0.096 r=0.18 0.145 r=0.08 0.508 r=0.02 0.891
cingulate
The L part of anterior r=0.29 0.016* r=0.22 0.065 r=0.16 0.187 r=0.01 0.992
cingulate
The R part of middle orbital r=0.25 0.038* r=0.05 0.495 r=0.01 0988 r=-0.96 0.434
The L part of middle orbital r=0.25 0.036* r=0.19 0.113 r=0.01 0.938 r=0.04 0.728
The R part of lateral orbital  r=0.34 0.004* r=-0.08 0512 r=-0.17 0.157  r=-0.09 0.42
The L part of lateral orbital  r=0.23 0.051 r=0.11 0.372 r=0.01 0938 r=-0.23 0.053

Values in bold indicate statistically significant results

BMI body mass index, EDE-Q Eating Disorder Examination Questionnaire, GMVs Grey Matter Volumes, NPY Neuropeptide Y
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BED patients have greater inhibitory control deficits [43]. In
keeping with this notion, the OFC acts as a critical area that
regulates behaviors by inhibiting the effect of a broad scope
of sensations, feelings, thoughts, and actions [44]. Thus, we
assumed that correlations between serum leptin concentrations
and regional GM Vs, especially OFC volumes were supported
by an important pilot study which evaluated the concentra-
tions of the appetite-regulating hormones and their association
with neuropsychological performance in patients with eating
disorders and HCs [45]. In their study, Wollenhaupta et al.
described dysfunctional hormone secretion patterns in patients
with eating disorders would be associated with impaired per-
formance in the inhibitory control task. Although, our results
may point towards a complex interactions related to direct
or mediating effects of serum leptin concentrations on OFC
volumes.

Furthermore, serum NPY concentrations of obese
patients with or without BED were greater than HCs. NPY
is a 36 amino acid peptide abundantly distributed throughout
the central and peripheral nervous systems that plays a major
role in food intake and obesity [46, 47]. The best possible
effect of NPY in obesity, NPY may regulate orexigenic path-
ways and adipocyte metabolism via a family of 5 G-protein
coupled receptors [48]. In adipocytes, NPY inhibits lipolysis
and stimulates proliferation and differentiation of new adipo-
cytes [49]. Taken together, both central and peripheral NPY
levels are crucial for the risk of obesity.

Limitations

The present study had several limitations. First, we found
volumetric alterations in the OFC and ACC which are asso-
ciated with reward processing and inhibitory control, it
remains unclear whether these alterations are a cause or a
consequence of obesity. Cross-sectional imaging differences
are correlational, and we cannot infer insight into longer-
term behaviors. Secondly, MRI cannot assess cellular mor-
phologic changes that may explain the possible neurobio-
logical mechanisms in individuals with BED. In addition,
we examined a modest sample size, and evaluation of GMVs
and appetite-related hormone levels within a larger sample
of adolescents with BED would better determine the robust-
ness of our findings. Moreover, we used structural imaging
to assess the regions of interest, which may not be able to
show possible functional changes. Another limitation is that
we used a single fasting blood measure of leptin. However,
acute changes in serum leptin concentrations are related to
many factors such as meals and fat stores.
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Conclusion

The present study explored regional gray matter volume
abnormalities and appetite-regulating hormone levels (NPY
and leptin) in obese subjects either with or without BED
compared to HCs. Among the reward processing network,
which is largely associated with feeding behaviors in indi-
viduals with obesity and BED, the OFC volumes were cor-
related with serum leptin concentrations. The results of our
study may provide a rationale for exploring the link between
regional GMVs and appetite-related hormone levels in peo-
ple with BED.

What is already known on this subject?

In recent decades, neuroimaging studies have focused their
atention on changes in individuals with BED that may par-
tially underlie altered reward sensitivity and food-related
attentional biase. On the other hanf, some researchers have
focused on neuroendocrine abnormalities which could be
involved in the neuroendocrine control of bingeing behavior.
However, relationship between altered regional GMVs and
appetite-related hormone levels in BED psychopathology
has been given less attention with limited exploration of this
variable despite its high prevalence.

What this study adds

This study findings have revealed differences in gray-matter
volumes in the right and left medial OFC in BED individu-
als. And also, we found that serum leptin levels (pg/mL) had
positively correlations with GMV in right medial OFC, left
medial OFC, right lateral OFC, and left ACC. The study has
implications for underlying neuropathophysiology of BED.
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