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Abstract

Background: The concept of food addiction’ (FA) posits that highly processed food with added fat and/or refined
carbohydrates is capable of triggering addictive-like eating behavior. FA may be one possible phenotype in obesity.

Methods: The present voxel-based morphometry (VBM) study compared data from three groups of women. One
group scored high on the Yale Food Addiction Scale (YFAS) and was overweight (n = 21), whereas the two other
groups had low YFAS scores and were either overweight (n=21) or normal-weight (n = 21).

Results: Overweight women with high YFAS scores had less grey matter volume (GMV) in the inferior frontal gyrus
(IFG) than overweight women with low FA tendency, who in turn had less GMV in the IFG than the normal-weight
group. The IFG is involved in response inhibition, which is relevant for the control of appetite and food intake. In
the group with high FA tendency, the frequency of binge episodes was substantially correlated with the YFAS
scores, and 11 women of this group were diagnosed with binge-eating disorder (BED). The association between IFG
volume and YFAS scores was not statistically significant anymore when controlling for the effect of binge frequency

as revealed by partial correlation analysis.

Conclusion: This VBM study revealed an association between reported FA tendency and a neural correlate of
disinhibited eating. Future studies with bigger sample sizes are needed in order to demonstrate that FA is
sufficiently different from existing conditions (e.g., BED) to warrant classification as a distinct disease phenotype.
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Plain English summary

Highly processed food (e.g., fast food) may be capable of
triggering addictive-like eating (craving, overconsumption
despite negative effects, withdrawal symptoms). ‘Food ad-
diction’ (FA) may be one factor that contributes to excess
food consumption and obesity. The present brain imaging
study compared the brain structure between three groups
of women: one group reported a high FA tendency and
was overweight, whereas the two other groups had a low
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FA tendency and were either overweight or normal-
weight. The group with a high FA tendency was found to
have a smaller volume of a specific brain region, the infer-
ior frontal gyrus (IFG) than the other two groups. The
IFG is involved in the control of appetite and food intake,
which is impaired in FA. Since FA showed a substantial
overlap with a diagnosis of binge-eating disorder, the spe-
cificity of the FA concept is questionable.

Introduction

Food environments that include advertised, easy-to-
access and inexpensive high-caloric food (‘fast food’) ele-
vate the risk for overeating and weight gain (see Bosswell
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& Kober [1] for a meta-analysis). Additionally, an addic-
tion process may contribute to excess food consumption.
Gearhardt et al. [2] were among the first authors who
described a condition labeled ‘food addiction’ (FA). FA
has been defined as addictive-like eating of highly proc-
essed food with added fat and/or refined carbohydrates
[2]. The FA concept is based on the clinical criteria of
substance-related and addictive disorders (SRAD) in
DSM-5 [3]. These criteria include excessive and persist-
ent consumption of a substance despite adverse effects,
craving, development of tolerance and withdrawal symp-
toms, attempts to quit consumption of the substance,
and functional impairment.

It is generally agreed upon that food is a primary re-
inforcer that is able to activate the brain reward system.
Even the sight of food, especially food of high energy
density, engages neural reward circuitry (e.g., frontostria-
tal regions). This response is particularly pronounced in
overweight and obese individuals (e.g., [4, 5]).

Other reinforcers, such as psychoactive drugs, elicit
similar neural reward responses (e.g., [6]). This has led
some researchers to hypothesize a common neural basis
of FA and other types of addiction (e.g., [7, 8]). Garcia-
Garcia et al. [6] conducted a meta-analysis on reward
processing in obesity and addiction. Both patient groups
showed altered brain activation in several brain regions
including prefrontal areas (e.g., inferior frontal gyrus),
subcortical structures (e.g., basal ganglia) and sensory
areas compared to control subjects. Additionally, indi-
viduals with obesity and substance addictions exhibited
similar hyperactivity in the amygdala and striatum when
processing the problematic stimuli (food and drug-
related stimuli, respectively).

The Yale Food Addiction Scale (YFAS [2, 9]) is cur-
rently the only validated measure to operationalize
addictive-like eating behavior. The YFAS has been trans-
lated and validated in a number of languages, including
German, Chinese, Japanese, and Spanish [10-12]. High
scores on the YFAS are positively associated with the
body mass index (BMI) of a person (e.g., [13]). More-
over, a positive YFAS diagnosis has been linked with the
presence of binge-eating disorder (e.g., [14, 15]) and bu-
limia nervosa [16].

A few neuroimaging studies have investigated FA. In a
functional MRI study by Gearhardt et al. [17], YFAS
scores were positively correlated with activation in the
anterior cingulate cortex (ACC), the orbitofrontal cortex
(OFC), and the amygdala, in response to the anticipated
receipt of food. All aforementioned regions encode the
motivational value of food cues and are part of the brain
reward system [18]. In a recent study from the same re-
search group [19], overweight and obese patients with
FA were found to exhibit diminished activation in the
superior frontal gyrus to minimally processed foods,
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whereas control participants exhibited elevated activa-
tion in this executive control region. A resting-state
functional connectivity analysis by Contreras-Rodriguez
et al. [20] found that symptoms of FA correlated with
greater changes in ventral caudate-hippocampus coup-
ling between fasted and fed conditions. To the best of
our knowledge, there has only been one structural MRI
study carried out on FA. Beyer et al. [13] investigated a
large population-based sample (# = 625) and found that
YFAS scores were not associated with gray matter vol-
ume (GMV). However, of the participants, only 56
showed three or more symptoms of FA, and only eight
participants fulfilled the diagnostic criteria of FA.

The current investigation used an extreme- groups ap-
proach with three samples. We invited selected over-
weight women with high YFAS scores. This group was
compared with overweight women with low YFAS
scores. Additionally, we studied a third group: normal-
weight women with low YFAS scores. It was hypothe-
sized that women with high YFAS scores would show
altered grey matter volume in central hubs of the brain
reward system (e.g., increased striatal volume, decreased
frontal volume).

Method

Sample

A total of 677 women (mean age = 24.7 years; SD = 8.6)
completed an internet-based survey that included the
validated German version of the Yale Food Addiction
Scale (YFAS 2.0 [21];) and the Behavioral Inhibition Sys-
tem (BIS) and Behavioral Approach System (BAS) scales
(German version by [22]). Additionally, demographic
data, body weight, and height were assessed in the sur-
vey. The URL to the survey had been provided to stu-
dents and employees of the university.

Based on the YFAS data of the online survey, 63
women with a mean age of 25 years (SD = 6.25) were in-
vited to the MRI study. We selected those women with
YFAS scores >4 (high YFAS/overweight; n =21) and
then matched a sample with comparable BMI but low
YFEAS scores between 0 and 2 (low YFAS/Overweight;
n =21). Normal-weight women with no FA tendency
(YFAS score = 0) were assigned to the third group (n=
21).

Exclusion criteria for the MRI study were reported
diagnoses of depression (severe depressive symptoms),
SRAD (drugs), psychotic symptoms, and neurological
disorders because of the association with altered brain
volume. MRI incompatible conditions (e.g., pregnancy,
metal implants, tattoos in the head/neck area) also led to
exclusion from the study. The majority of MRI partici-
pants were University students (85%), the remaining par-
ticipants were white-collar workers (15%).
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In the MRI lab, we measured the height (to the nearest
millimeter using a stadiometer) and weight (to the near-
est 0.1 kg using a digital scale) of each participant. The
body mass index (BMI = kg/m?) was computed. (The re-
ported BMI in the internet-based survey was highly cor-
related with the computed BMI in the lab: r=.98,
p <.001). A person with a BMI>25 was considered
overweight (a BMI < 25 was defined as normal-weight).

Written informed consent was obtained after a full ex-
planation of the testing procedure. The study was con-
ducted in accordance with the Declaration of Helsinki
and had been approved by the ethics committee of the
University.

Procedure

The investigation was divided into three parts: the online
survey, a diagnostic session, and a subsequent MRI ses-
sion. During the online screening, the participants com-
pleted the YFAS 2.0 (German validated version by [21])
that assesses dysfunctional (addiction-like) eating during
the past 12 months. The questionnaire consists of 35
items (e.g., “‘When I start to eat certain foods, I eventu-
ally eat much more than I had planned’). Response cat-
egories are 0 (never), 1 (less than monthly), 2 (once a
month), 3 (2-3 times a month), 4 (once a week), 5 (2—3
times a week), 6 (4—6 times a week), 7 (every day). The
YFAS 2.0 includes two scoring options: (a) a continuous
symptom count (possible range: 0-11) and (b) a diagno-
sis of FA based on the number of symptoms met and
the presence of clinically significant impairment or dis-
tress. Cronbach’s alpha of the YFAS 2.0 was .93 in the
present sample.

The BIS/BAS scales (German version by [22]) address
individual dispositional differences in the sensitivity to
reward and punishment. Typical items are ‘I feel worried
when I think I have done poorly at something important’
for the BIS scale and “When I see an opportunity for
something I like I get excited right away’ for the BAS
scale. Response categories range from 1 (very true) to 4
(very false). The BIS scale had a Cronbach’s alpha of .76,
and the BAS scale of .80 in the present sample.

During the first session, a clinical interview was con-
ducted by a board-certified clinical psychologist in order
to screen for DSM-5 diagnoses with a focus on eating
disorders. Within this context, the number of binge-
eating episodes per week was assessed. During the sec-
ond session (approximately 1week later), the MRI was
performed.

MRI recording and VBM analysis

The MRI session was conducted with a 3T scanner
(Skyra, Siemens, Erlangen, Germany) with a 32-channel
head coil. Structural images were obtained using a T1-
weighted MPRAGE sequence (voxel size: 0.9 x 0.9 x 0.9
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mm; 192 transverse slices, FoV = 224 mm, TE = 1.88 ms,
TR =1680 ms; TI=1000ms, flip-angle =8°). The struc-
tural scans were analyzed with the Computational Anat-
omy Toolbox (CAT12; v 12.6) implemented in SPM12
(v7487; Wellcome Trust Centre for Neuroimaging;
http://www.fil.ion.ucl.ac.uk/spm/software/spm12/) in
order to gain voxel-wise comparisons of GMV.

Prior to normalization, each individual image was
repositioned by setting the origin manually to the AC/
PC line. Structural data were segmented into grey mat-
ter, white matter and cerebrospinal fluid. Mainly default
settings of the CAT12 toolbox were applied. To com-
pensate for the effect of spatial normalization, images
were modulated, as spatial normalization could lead to
volume changes. This approach preserves the total
amount of grey matter. The final resulting voxel size was
1.5x1.5x 1.5 mm. For quality assurance, we checked
resulting images for homogeneity. As all images had
high correlation values (> 0.87), none of the images were
discarded. Finally, grey matter images were smoothed
with a Gaussian kernel with a full width at half max-
imum (FWHM) of 8 mm.

Statistical analyses

For the self-report variables (BIS/ BAS scores, number
of binge episodes), an analysis of variance (ANOVA) was
computed in order to compare the three groups (low-
YFAS/normal-weight;  low-YFAS/overweight;  high-
YFAS/overweight). Significant effects were followed up
by t-tests.

For the GMV data, an analysis of covariance (ANCO-
VAs) was computed in order to compare the three groups.
To correct for differences in brain size, the total intracranial
volume (TIV) was implemented as a covariate. Images were
thresholded for all analyses with an absolute threshold of <
0.1. Based on previous neuroimaging studies on substance-
bound addictions and FA [17], [19], [23-26], we selected
the following regions of interest (ROIs): insula / frontal
operculum (gustatory cortex), amygdala, inferior frontal
gyrus (IFQ), anterior cingulate cortex (ACC) and basal gan-
glia. We used masks with a 25% threshold derived from the
Harvard—Oxford cortical structural atlas center for mor-
phometric analysis, MGH-East, Boston/MA, USA). The
masks were resliced to a voxel size of 1.5x 1.5 x 1.5 mm
with nearest-neighbor interpolation. For all analyses, results
were small-volume corrected and considered significant if
the peak-level statistic was below p <.05, corrected for
family-wise error (FWE).

Results

Self-report data

The three groups did not differ in mean age (F(2,60) =
2.46, p = .094, partial eta® = .08). As intended, the YFAS
scores differed between the groups (F(2,60)=122.72,
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Table 1 Characteristics of the three groups (means, standard deviations)
low-YFAS/ low-YFAS/ high-YFAS/
normal-weight overweight overweight
M (SD)
Age (years) 22.57 (2.69)° 22.90 (2.59)° 25.19 (6.18)°
Body mass index 2234 (193)° 2830 (340)° 2923 (3.59)°
YFAS symptom count 00 (0.0 1.05 (0.86)° 657 (2.25)°
BIS score 2.99 (46)° 3.09 (061)° 3.23 (47)°
BAS score 3.15 (34)° 3.16 (0.51)% 3.14 (44)°
Number of BE/ week 0.17 (043)° 0.69 (0.73)° 181 (1.33)°

Footnote: YFAS Yale Food Addiction Scale, BIS Behavioral Inhibition System, BAS Behavioral Approach System BE binge-eating episodes, FA Food Addiction

Different superscript letters (per line) indicate statistical significance (p <.05)

p <.001, partial eta® =.80; see Table 1). The high-YFAS
group had a higher symptom count compared to the
other two groups (both p <.001; see Table 1). In the
high-YFAS group, 11 women (52.4%) were diagnosed
with severe YFAS 2.0 food addiction (six or more symp-
toms plus clinically significant impairment/distress), and
2 (9.5%) with moderate food addiction (four or five
symptoms plus impairment/distress).

The BMI (lab measurement) differed between groups
(F(2,60) = 13.73, p <.001, partial eta® =.31). The BMI
was higher in the two overweight groups compared to
the normal-weight group (F(2,60) =13.73, p<.001, par-
tial eta® = .31; both p <.01). The two overweight groups
did not differ from each other (p = .91).

The three groups differed in the number of reported
binge-eating episodes per week (F(2,60) = 17.88, p <.001,
partial eta® =.37). The high-YFAS/overweight group re-
ported more binge episodes than the low-YFAS/over-
weight group, which in turn reported more binge
episodes than the low-YFAS/normal-weight group (all
p <.007; see Table 1). In the high-YFAS/overweight
group, the YFAS scores were positively correlated with
the frequency of binge episodes (r=.56, p =.009). Due
to the restricted variance of binge frequency in the other
two groups (mode = 0), no correlations were computed.

The clinical psychologist diagnosed three women of
the high-YFAS/overweight group with binge-eating dis-
order (BED; DSM-5: 307.51). Additionally, eight women
of this group received the diagnosis ‘BED of low fre-
quency (DSM-5: 307.59; all of the criteria for BED are
met, except that the binge eating occurs, on average, less
than once a week and/or for less than 3 months).

The three groups did not differ in their scores on the
BIS scale (F(2,60) = 1.13, p =.33, partial eta® =.04) and
BAS scale (F(2,60) =.01, p =.99, partial eta® =.001; see
Table 1).

VBM
The results of the voxel-based morphometry analysis are
displayed in Table 2 and Fig. 1. Women in the high-

YFAS/ overweight group had less GMV in the right in-
ferior frontal gyrus (IFG) compared to the two other
groups. Moreover, the high-YFAS group displayed less
GMV in the caudate nucleus than the low-YFAS/
normal-weight group and less GMYV in the left IFG than
the low-YFAS/ overweight group. The low-YFAS/ over-
weight group had less GMV in the right IFG compared
to the low-YFAS/ normal-weight group.

Additionally, we conducted exploratory partial correl-
ation analyses in the high-YFAS/overweight group to
follow up on the finding of a positive association be-
tween reported binge frequency and FA tendency. The
correlation between IFG volume and YFAS scores was
not statistically significant anymore when controlling for
the effect of binge frequency. Similarly, the correlation
between IFG volume and binge frequency was not statis-
tically significant anymore when controlling for FA ten-
dency (YFAS scores).

Discussion

In the present VBM study, overweight women with high
YFAS scores were found to have reduced grey matter
volume (GMV) in the right inferior frontal gyrus (IFG)

Table 2 Differences in grey matter volume between groups

Region of interest H X y z t p(FWE)
high YFAS/overweight < low YFAS/normal-weight

Inferior frontal gyrus R 50 12 24 391 0121

Caudate nucleus L =11 -8 17 385 0319
high YFAS/overweight < low YFAS/overweight

Inferior frontal gyrus R 48 14 18 347 0346

Inferior frontal gyrus L -57 11 27 379 0175
low YFAS/overweight < low YFAS/normal-weight

Inferior frontal gyrus R 59 33 -5 339 0347

low YFAS/normal-weight < low YFAS/overweight

No statistically significant effects

Foot note: H Hemisphere, x,y,z = MNI coordinates, t = t-value, p(FWE) = voxel-
peak p-value corrected for family-wise error
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high YFAS / overweight - low Y] normal-weight

Fig. 1 Group differences in grey matter volume of the inferior frontal gyrus

high YFAS / overweight - low YFAS

normal-weight

J

compared to normal-weight and overweight women with
low YFAS scores.

The IFG is involved in response inhibition and atten-
tion control [27]. Response inhibition can be defined as
the process by which a pre-potent, routine, or dominant
response is deliberately withheld or canceled. These
types of processes are involved when individuals try to
control their appetite and eating behavior. For example,
in an fMRI study by Tuulari et al. [28], participants were
instructed to passively view visual food cues, and
imagine eating the foods or inhibit their craving. The
inhibition condition was associated with increased acti-
vation in the IFG. Similarly, Lopez et al. [29] reported
that individuals with greater IFG activity were more

capable of resisting food temptations and experienced
food desires to a lesser extent. Schulte et al. [19]
detected reduced IFG activation in obese and overweight
patients with FA during the viewing of food images,
compared to household items. Moreover, the IFG plays
a critical role in addiction and substance (drug) abuse.
Research using structural MRI has demonstrated that
GMYV in the IFG is reduced in individuals with different
addictions, such as heroin or cocaine (e.g., [24—26]).
Although a decreased structural size of a specific brain
region does not necessarily imply decreased function,
the self-report findings of the present study also pointed
to reduced inhibitory control in individuals with high
YFAS scores. This group reported reduced control of
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food intake in the form of binge-eating. This behavior is
characteristic of FA, however binge-eating episodes are
also the core symptom of binge-eating disorder (BED).
BED (clinically relevant BED or BED of low frequency)
was diagnosed in 11 participants of the high-YFAS
group. Thus, there was a substantial overlap of FA diag-
noses and DSM-5 diagnoses of BED. This finding is not
surprising since binge-eating episodes are characterized
by diminished control, which is a core feature of all
addictive-like behaviors. Similar findings have been
reported by Carter et al. [30], who observed that BED
patients reported significantly higher FA scores com-
pared to individuals with no history of an eating disorder
(NED). In that study, 92% of the BED group met YFAS
2.0 criteria for at least mild FA compared to only 6% of
the NED group. Within this context, Gearhardt et al.
[31] have argued that there might be different types of
reduced control of food intake. BED patients’ out-of-
control eating (binge eating) occurs during discrete
periods of time, whereas overeating in FA may occur
over the course of a day (‘grazing’).

Interestingly, in the high YFAS/overweight group,
binge frequency was substantially correlated with the
YFAS scores. Additionally, the correlation between IFG
volume and YFAS scores vanished when controlling for
the effect of binge episodes as revealed by partial correl-
ation analysis. These results point to the high similarity
of both constructs (FA tendency and binge-eating
tendency).

In conclusion, the findings of the present investigation
(substantial overlap of FA/ BED diagnoses, substantial
correlations between binge frequency and YFAS scores)
question whether FA is a distinct disease phenotype. In
line with this critical view, Davis [32] has proposed a di-
mensional concept of overeating, ranging from homeo-
static eating to ‘passive overeating’ and ‘disinhibited
eating’. FA represents the extreme end of the continuum
of disinhibited eating (which includes eating in the ab-
sence of hunger, emotional eating and loss-of-control
eating as criteria). If a threshold of severity is exceeded,
the diagnosis of BED may be warranted [32].

It is also important to note that the concept of FA
indicates an involvement of the brain reward system.
However, the present study identified no increased basal
ganglia volume in FA. Indeed, contrary to our hypoth-
esis, the high-YFAS group was found to have less GMV
in the basal ganglia (caudate nucleus) compared to
normal-weight participants and did not report elevated
reward sensitivity.

The following limitations of this study need to be con-
sidered. We only investigated women. Therefore, the
findings cannot be generalized to men. Moreover, the
sample size was relatively small. Studies with larger
sample sizes are warranted.
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Conclusion

The present VBM study identified an association be-
tween brain volume in a region involved in inhibitory
control (IFG) and YFAS scores. Future studies are
needed in order to demonstrate that FA is sufficiently
different from existing conditions (e.g., BED) to warrant
classification as a distinct disease phenotype.

Abbreviations

ACC: Anterior cingulate cortex; BAS: Behavioral Approach System;

BIS: Behavioral Inhibition System; BMI: Body mass index; FA: Food addiction;
GMV: Grey matter volume; IFG: Inferior frontal gyrus; OFC: Orbitofrontal
cortex; SRAD: Substance-related and addictive disorders; VBM: Voxel-based
morphometry; YFAS: Yale Food Addiction Scale

Acknowledgments
The publication of this article was supported by the University of Graz.

Informed consent
Written informed consent was obtained from each participant after a full
explanation of the study procedure.

Authors’ contributions

A. Schienle designed the study and wrote the manuscript. I. Unger and A.
Wabnegger analyzed the data and co-authored the manuscript. The au-
thor(s) read and approved the final manuscript.

Authors’ information

Anne Schienle is a professor for Clinical Psychology at the University of Graz
(Austria); Albert Wabnegger is a senior scientist and Isabella Unger a Ph.D.
student at the University of Graz.

Funding
This work received no funding. The publication was supported by the
University of Graz.

Availability of data and materials
The datasets generated and analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval

All procedures were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards. The
institutional review board approved the study.

Consent for publication

All authors of the manuscript have read and agreed to its content and are
accountable for all aspects of the accuracy and integrity of the manuscript in
accordance with ICMJE criteria. The manuscript has not already been
published in a journal and is not currently under consideration by another
journal.

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

Received: 19 October 2019 Accepted: 9 March 2020
Published online: 01 April 2020

References

1. Boswell RG, Kober H. Food cue reactivity and craving predict eating and
weight gain: a meta-analytic review. Obes Rev. 2016;17:159-77.

2. Gearhardt AN, Corbin WR, Brownell KD. Preliminary validation of the Yale
food addiction scale. Appetite. 2009;52(2):430-6.

3. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders. BMC Med. 2013;17:133-7.

4. Nummenmaa L, Hirvonen J, Hannukainen JC, Immonen H, Lindroos MM,
Salminen P, Nuutila P. Dorsal striatum and its limbic connectivity mediate



Schienle et al. Journal of Eating Disorders

20.

21.

22.

23.

24.

25.

26.

27.

28.

(2020) 8:13

abnormal anticipatory reward processing in obesity. PLoS One. 2012;7(2):
€31089.

Volkow ND, Wang GJ, Tomasi D, Baler RD. The addictive dimensionality of
obesity. Biol Psychiatry. 2013;73(9):811-8.

Garcfa-Garcia |, Horstmann A, Jurado MA, Garolera M, Chaudhry SJ,
Margulies DS, Neumann J. Reward processing in obesity, substance
addiction, and non-substance addiction. Obes Rev. 2014;15(11):853-69.
Volkow ND, Wang GJ, Fowler JS, Telang F. Overlapping neuronal circuits in
addiction and obesity: evidence of systems pathology. Philos Trans R Soc B
Biol Sci. 2008;363(1507):3191-200.

Zhang Y, von Deneen KM, Tian J, Gold MS, Liu Y. Food addiction and
neuroimaging. Curr Pharm Des. 2011;17(12):1149-57.

Gearhardt AN, Corbin WR, Brownell KD. Development of the Yale food
addiction scale version 2.0. Psychol Addictive Behaviors. 2016;30(1):113.
Chen G, Tang Z, Guo G, Liu X, Xiao S. The Chinese version of the Yale Food
Addiction Scale: An examination of its validation in a sample of female
adolescents. Eat Behav. 2015;18:97-102.

Granero R, Hilker I, Aglera Z, Jiménez-Murcia S, Sauchelli S, Islam MA, ...
Soriano J. Food addiction in a Spanish sample of eating disorders: DSM-5
diagnostic subtype differentiation and validation data. Eur Eat Disord Rev.
2014;22(6):389-96.

Meule A, Végele C, Kiibler A. Deutsche Ubersetzung und Validierung der
Yale Food Addiction Scale-German translation and validation of the Yale
Food Addiction Scale. Diagnostica. 2012;58:115-26.

Beyer F, Garcia-Garcia |, Heinrich M, Schroeter ML, Sacher J, Luck T, Witte AV.

Neuroanatomical correlates of food addiction symptoms and body mass
index in the general population. Human Brain Mapping. 2019;15:2747-58.
Davis C, Curtis C, Levitan RD, Carter JC, Kaplan AS, Kennedy JL. Evidence
that ‘food addiction’ is a valid phenotype of obesity. Appetite. 2011,57(3):
711-7.

Gearhardt AN, White MA, Masheb RM, Morgan PT, Crosby RD, Grilo CM. An
examination of the food addiction construct in obese patients with binge
eating disorder. Int J Eat Disord. 2012;45(5):657-63.

Meule A, von Rezori V, Blechert J. Food addiction and bulimia nervosa. Eur
Eat Disord Rev. 2014;22(5):331-7.

Gearhardt AN, Yokum S, Orr PT, Stice E, Corbin WR, Brownell KD. Neural
correlates of food addiction. Arch Gen Psychiatry. 2011a;68(8):808-16.
Schienle A, Schéfer A, Hermann A, Vaitl D. Binge-eating disorder: reward
sensitivity and brain activation to images of food. Biol Psychiatry. 2009,65(8):
654-61.

Schulte EM, Yokum S, Jahn A, Gearhardt AN. Food cue reactivity in food
addiction: A functional magnetic resonance imaging study. Physiol Behav.
2019;208:112574.

Contreras-Rodriguez O, Burrows T, Pursey KM, Stanwell P, Parkes L, Soriano-
Mas C, Verdejo-Garcia A. Food addiction linked to changes in ventral
striatum functional connectivity between fasting and satiety. Appetite. 2019;
133:18-23.

Meule A. German version of the Yale food addiction scale 2.0: associations
with impulsivity, trait food craving, binge eating, dieting success, and body
mass. German Medical Science; 2016. p. 10.

Strobel A, Beauducel A, Debener S, Brocke B. A German version of Carver
and White's BIS/BAS scales. Z Dif Diag Psychol. 2001,22:216-27.

Franklin TR, Acton PD, Maldjian JA, Gray JD, Croft JR, Dackis CA, et al.
Decreased gray matter concentration in the insular, orbitofrontal, cingulate,
and temporal cortices of cocaine patients. Biol Psychiatry. 2002;51(2):134-42.
Lyoo IK, Pollack MH, Silveri MM, Ahn KH, Diaz Cl, Hwang J, et al. Prefrontal
and temporal gray matter density decreases in opiate dependence.
Psychopharmacology. 2006;184:139-44.

Moreno-Lopez L, Catena A, Ferndndez-Serrano MJ, Delgado-Rico E,
Stamatakis EA, Pérez-Garcia M, Verdejo-Garcfa A. Trait impulsivity and
prefrontal gray matter reductions in cocaine dependent individuals. Drug
Alcohol Depend. 2012;125:208-14.

Yuan Y, Zhu Z, Shi J, Zou Z, Yuan F, Liu Y, et al. Gray matter density
negatively correlates with duration of heroin use in young lifetime heroin-
dependent individuals. Brain Cogn. 2009;71:223-8.

Hampshire A, Chamberlain SR, Monti MM, Duncan J, Owen AM. The role of
the right inferior frontal gyrus: inhibition and attentional control.
Neuroimage. 2010;50(3):1313-9.

Tuulari JJ, Karlsson HK, Hirvonen J, Salminen P, Nuutila P, Nummenmaa L.
Neural circuits for cognitive appetite control in healthy and obese
individuals: an fMRI study. PLoS One. 2015;10(2):e0116640.

29.

30.

31

32.

Page 7 of 7

Lopez RB, Hofmann W, Wagner DD, Kelley WM, Heatherton TF. Neural
predictors of giving in to temptation in daily life. Psychol Sci. 2014;25(7):
1337-44.

Carter JC, van Wijk M, Rowsell M. Symptoms of food addiction” in binge
eating disorder using the Yale Food Addiction Scale version 2.0. Appetite,
Volume 133; 2019. p. 362-9.

Gearhardt AN, A White M, N Potenza M. Binge eating disorder and food
addiction. Current Drug Abuse Reviews. 20110b;4(3):201-7.

Davis C. From passive overeating to “food addiction”: a spectrum of
compulsion and severity. ISRN obesity; 2013.

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

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusion

	Plain English summary
	Introduction
	Method
	Sample
	Procedure
	MRI recording and VBM analysis

	Statistical analyses

	Results
	Self-report data
	VBM

	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Informed consent
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Ethics approval
	Consent for publication
	Competing interests
	References
	Publisher’s Note

