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A B S T R A C T   

Food addiction (FA) has been associated with binge eating disorder (BED) and obesity at varying levels of 
severity and treatment outcomes. Despite much debate and scientific interest in FA, the mechanisms that un-
derlie its co-occurrence with both conditions are not yet well understood. In order to understand this relation-
ship, this study explores FA in a clinical sample of individuals with BED and obesity using network analysis (NA). 
A total of 303 patients (151 with BED and 152 with obesity) completed a battery of tests that investigated eating 
psychopathology, eating behaviours, emotional dysregulation, depression and FA. Two different NAs were 
conducted to investigate the interaction between these variables and FA. The BED and obesity groups were 
comparable in age (38 ± 14 vs. 42 ± 13 years), body mass index (38.8 ± 8.5 vs 42.4 ± 7.8), sex and de-
mographics. According to the expected influence values, binge eating severity and depression were identified as 
the central nodes in both networks. In the BED group, binge eating severity was the central node and showed 
strong connections to both FA and grazing. In contrast, in the obesity group, depression was the central node, but 
its connections were weak, with only marginal associations to FA. These results suggest that FA represents an 
important and distinct construct of the two populations. In patients with BED, FA is intimately connected to other 
loss-of-control-related eating behaviours, such as binge eating and grazing. Conversely, in those with obesity, 
depression explains the relationship of FA with pathological eating behaviours. The presence of FA seems to be a 
distinguishing characteristic in the psychopathology of patients suffering from obesity with and without BED, 
and this could have implications for the prevention, treatment and management of these disorders.   

1. Introduction 

Food addiction (FA) was first proffered in 1956 as “a common pattern 
of symptoms descriptively similar to those of other addictive processes” 
(Randolph, 1956), referring to the conceptualization that foods, 
particularly highly palatable ones, may be the subject of addiction. In 
this light, the consumption of palatable foods and the addictive psy-
chological and behavioural symptoms are characteristics of FA, 
including cravings, tolerance, limited control of substance intake and 
“withdrawal-like” physiological effects if food intake is stopped or 
reduced (Gordon et al., 2018). The concept of FA has been widely dis-
cussed and is currently gaining greater scientific attention as researchers 
work towards a more accurate classification and understanding of it. 

Distinguishing FA from other pathologies can be challenging. 
Recently, studies have pointed towards frequent comorbidities, not only 
between FA and eating disorders such as binge eating disorder (BED) 
(Piccinni et al., 2021) but also between FA and obesity. Indeed, ac-
cording to studies, 25% of individuals suffering from obesity report FA 
symptoms that are clinically severe compared to 11% of healthy-weight 
individuals (Pursey et al., 2014). Similarly, the prevalence of FA in BED 
is higher than in other eating disorders (di Giacomo et al., 2022): it was 
suggested that approximately 57% of individuals with BED report clin-
ically significant symptoms (Pursey et al., 2014). Studies have reported 
that there is a direct relationship between the severity of FA and the 
associated eating and general psychopathology symptoms in individuals 
with both BED and obesity (Granero et al., 2014). FA has been observed 
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to have associations with various altered eating behaviours, including 
binge eating, grazing and night eating, which are commonly reported by 
individuals who suffer from BED and obesity (Davis et al., 2011; Gear-
hardt et al., 2012a; 2014). In terms of predicting binge eating frequency, 
FA may be a more reliable indicator than other factors related to eating 
psychopathology (Gearhardt et al., 2012a; Sommer et al., 2021). 
Furthermore, research has shown a strong positive correlation between 
continual daytime consumption (grazing) and the severity of FA symp-
toms, as well as between night eating behaviour and FA (Bonder et al., 
2018). Higher levels of night eating behaviour have been predicted by 
the repeated use of food despite negative consequences and increased 
food tolerance (Nolan & Geliebter, 2016). Individuals who describe 
evening hyperphagia and nocturnal food intake are more likely to 
exhibit symptoms of FA (Echeverri et al., 2023). Additionally, FA can 
help to identify distinct clusters among patients with obesity and BED, 
including individuals with varying levels of FA severity. Patients with 
BED experience greater eating disorder psychopathology and display 
more dysfunctional personality traits compared to individuals with 
obesity alone and no BED (Jiménez-Murcia et al., 2019). When FA is 
reported among patients with BED and obesity, this appears to represent 
a more disturbed variant characterized by higher levels of depression, 
negative affect, stress, emotion dysregulation and lower self-esteem 
(Gearhardt et al., 2012a; Sommer et al., 2021). 

On the other hand, the differences are not only in the symptom-
atology and psychopathology but also in the neurobiology (Gordon 
et al., 2018): an increasing number of studies have produced evidence of 
biological and behavioural changes in response to highly palatable 
foods, the consequent loss of control (LOC), the way patients eat, the 
increase in impulsiveness and the inability to change eating habits 
despite the detrimental effects of overweight and obesity (Milano et al., 
2022). Thus, FA is associated with dysfunctions in the reward circuit, 
such as hyperresponsiveness during exposure to high-calorie flavours, 
and there is also an impairment of self-regulatory control supported by 
deregulation of the fronto-striatal circuit (Florio et al., 2022). 

Moreover, it is well demonstrated that FA is associated with lower 
rates of full remission, higher rates of dropout (Munguía et al., 2022) 
and poorer weight loss, eating and lifestyle behaviours in patients un-
dergoing bariatric surgery (Ben-Porat et al., 2021, 2022). Thus, a sys-
tematic assessment of FA in BED, or obesity alone, or when they co-occur 
as often happens (Keski-Rahkonen, 2021), is recommended for the 
appropriate management, treatment and improvement of patients’ 
quality of life (Agüera et al., 2021). 

Because of a frequent overlap of FA with both conditions, it was 
erroneously conceptualized as either obesity or binge eating (Riva et al., 
2006; Volkow et al., 2013). Recently, the evidence indicated that these 
are distinct and defined constructs and not synonymous (Burrows et al., 
2017; Davis, 2017); nevertheless, the relationships that explain the 
co-occurrence of FA in BED and obesity are not well understood. In this 
regard, the network analysis (NA) approach has become more usual for 
examining the interactions among symptoms of comorbid conditions 
(Fried et al., 2017). The networks are made up of nodes, which represent 
the evaluated symptoms of a psychiatric syndrome, and edges, which are 
the connections between the nodes. NA is a useful tool for identifying the 
“bridge symptoms” underlying the connection between two syndromic 
clusters that are closely related (Jones et al., 2021). 

Therefore, this study aims at analysing the underlying relationship 
between FA, BED and obesity through the NA approach. In line with 
previous research, our NA includes measures of depression, emotion 
regulation and symptoms related to eating behaviours, specifically 
focusing on their relationship with FA. Given the exploratory nature of 
this study, we do not formulate a priori hypotheses. 

2. Methods 

2.1. Participants 

In this cross-sectional study, participants were consecutively 
recruited at the University Hospital “Mater Domini” of Catanzaro (Italy) 
from May 2021 to February 2023. Individuals were considered eligible 
with body mass index (BMI) ≥ 30 kg/m2, age 18–64 years and the ability 
to answer self-report questionnaires and give valid informed consent. 
Patients were not eligible if they had a disease affecting the nervous 
system (i.e. epilepsy, dementia), a major psychiatric diagnosis (i.e. 
neurodevelopmental, schizophrenia spectrum, substance-related and 
neurocognitive disorders), medical conditions that influenced eating/ 
weight (i.e. diagnosis of diabetes mellitus), history of malignant disease 
or were taking medications that could alter the ability to complete 
psychometric assessment or that could influence eating habits or preg-
nancy and breastfeeding over the previous 12 months. Each individual 
was duly informed about the procedures of the study in order to obtain 
the written informed consent. The researchers recruited 303 patients 
who fulfilled the inclusion criteria in the study. The Ethical Committee 
of “Regione Calabria, sezione Area Centro” approved the study protocol 
(Identifier: 162/April 22, 2021), which followed the ethical principles 
set out in the revised version of the Declaration of Helsinki (World 
Medical Association, 2018). 

2.2. Procedures 

Information about physical health, nutritional status, anthropo-
metric data (i.e. height, weight and BMI) and previous and current 
eating history was collected for each participant. Height and weight 
when wearing light indoor clothing and no shoes were evaluated using a 
portable stadiometer (Seca 220; Seca GmbH & Co., Hamburg, Germany) 
and a balance scale (Seca 761), respectively; subsequently, the BMI (kg/ 
m2) was calculated. Trained psychiatrists interviewed each participant 
to confirm or exclude the diagnosis of BED through a face-to-face clinical 
interview and then using the Structured Clinical Interview for the DSM-5 
(SCID-5-CV) (First et al., 2016). According to the diagnosis of BED, the 
sample was divided into two groups: (1) patients with obesity and co-
morbid BED (the BED group); and (2) patients with obesity who did not 
meet the criteria for a BED diagnosis (the obesity group). 

2.3. Measures 

Participants in the study were asked to complete the following tools:  

- The Yale Food Addiction Scale (Y-FAS 2.0) was developed in 2016 
(Gearhardt et al., 2016) to provide a validated measure of 
addictive-like eating behaviour based on the diagnostic criteria for 
substance dependence. The scale is widely used and translated into 
several languages. The Y-FAS 2.0 Italian version (Aloi, Rania, 
Rodríguez Muñoz, et al., 2017) was used in this study to assess 
addiction-like eating behaviour over the past 12 months. The Y-FAS 
2.0 is a self-report tool that comprises 35 items. This scale assesses 
both the 11 DSM-5 diagnostic criteria for substance-related and 
addictive disorder (SRAD) and the impairment and/or distress 
related to food. Each item is scored on an eight-point Likert-type 
scale ranging from 0 (never) to 7 (every day). According to the 
item-specific cut-off, each item is dichotomized (0 for “non--
endorsed” vs. 1 for “endorsed”) to obtain the final score. The pres-
ence or absence of each criterion is calculated via these thresholds 
(Gearhardt et al., 2016). Two different scoring options are provided. 
The first is the symptom count score: the number of FA symptoms 
experienced in the previous 12 months, ranging from 0 to 11; the 
impairment/distress criterion should not be counted in this scoring. 
The second is the diagnostic score: FA is diagnosed when the partic-
ipant reports 2 or more symptoms plus clinically significant 
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impairment/distress. Based on the revised DSM-5 taxonomy, it is 
possible to establish FA severity cut-offs: mild (i.e. 2 or 3 symptoms 
and clinically significant impairment/distress); moderate (i.e. 4 or 5 
symptoms and significant impairment/distress); and severe (i.e. 6 or 
more symptoms and significant impairment/distress). 
Kuder–Richardson’s alpha for Y-FAS 2.0 was 0.86. 

- The Eating Disorder Examination Questionnaire (EDE-Q 6.0; Fair-
burn & Beglin, 1994) assesses features of eating disorders and core 
eating disorder behaviours. It has four subscales – Eating Restraint, 
Eating Concern, Weight Concern and Shape Concern – that are used 
to calculate the EDE-Q total score. The internal consistency ranges 
from 0.830 to 0.920 in this study.  

- The Eating Disorder Inventory-2 (EDI-2) (Garner et al., 1983; 
Segura-García et al., 2015) evaluates the psychopathology and 
symptomatology of eating disorders. The questionnaire provides 11 
subscale scores; the sum of all the items (ranging from 0 to 273) is a 
global measure of eating disorder severity. Higher scores indicate 
more severe symptomatology. Cronbach’s alpha in this study was 
0.915.  

- The Beck Depression Inventory (BDI-II) (Beck et al., 1961; Ghisi 
et al., 2022) investigates depressive symptoms through 21 items on a 
Likert scale (0–3); scores of 0–9, 10–16, 17–29 and ≥ 30 indicate 
minimal, mild, moderate and severe depression, respectively. Cron-
bach’s alpha in the present study was 0.850.  

- The Binge Eating Scale (BES) (Gormally et al., 1982; Ricca et al., 
2000) measures the severity of behaviours, feelings and cognitions 
associated with binge eating by means of 16 items. Scores of >17 
and > 27, respectively, indicate possible and probable diagnoses of 
BED. Reliability in this research was 0.910.  

- The Night Eating Questionnaire (NEQ) (Aloi, Rania, de Fazio, & 
Segura-Garcia, 2017) consists of 14 items that assess nocturnal 
eating behaviour along four dimensions: morning anorexia, evening 
hyperphagia, mood/sleep and nocturnal ingestions. A score of 30 
strongly indicates night eating syndrome. The NEQ total score had a 
reliability of 0.750 in this study.  

- The Grazing Questionnaire (GQ) (Aloi, Rania, de Fazio, et al., 2017) 
is composed of eight items corresponding to two dimensions (i.e. 
grazing behaviour and controllability), with higher scores reflecting 
higher levels of grazing behaviour and cognitions. The reliability of 
the GQ total score was 0.830 in this research;  

- The Difficulties in Emotion Regulation Scale (DERS) (Giromini et al., 
2012) consists of 36 items and assesses emotional dysregulation in 
six subscales, which together give a total score (Giromini et al., 
2012). For this study, we only examined the DERS total score, which 
had an internal consistency of 0.890 in the present study. 

2.4. Data analysis 

Data were analysed using the Social Sciences Statistical Package, 
Version 26.0 (SPSS Inc., Chicago, IL, USA). The equality of the analysed 
groups and the fit of the distributions of the variables with the normal 
distribution were checked using the Shapiro-Wilk test and the appro-
priate statistical analysis method was chosen. After determining that the 
sociodemographic variables were normally distributed, the EDE-Q, EDI- 
2 total score, BDI-II, DERS, NEQ, GQ, BES and Y-FAS 2.0 symptom count 
variables were not normally distributed. Therefore, the Mann-Whitney 
U test was used for group comparison. In addition, the effect size r 
was calculated for significant results. Values of 0.2, 0.5 and > 0.8 were 
classified as small, medium and large effect sizes, respectively (Cohen, 
1977). NA was performed through the software R (R Core Team 2002) 
(Dessau & Pipper, 2008) using qgraph and bootnet packages in accor-
dance with Epskamp (Epskamp et al., 2012). Two different NAs were 
run: one for the sample with BED and one for the group with obesity. The 
networks were inferred by means of Gaussian Markov random field 
estimation, applying “Least Absolute Shrinkage and Selection Operator” 
(LASSO) regularization: a penalty was applied to correlations that were 

close to zero to make small correlations automatically shrink to zero and 
retain only meaningful associations and limit the number of spurious 
associations (Albieri & Didelez, 2014). The Extended Bayesian Infor-
mation Criterion (EBIC) (Chen & Chen, 2008), a parameter that sets the 
degree of regularization/penalty applied to sparse correlations, was set 
to 0.25 in these analyses (values between 0 and 0.5 are typically cho-
sen). Network estimation was performed using the estimate Network 
routine of the bootnet package (Epskamp et al., 2017). The centrality of a 
node was used to infer its influence (i.e. structural importance) in the 
networks. The centrality Plot function in qgraph was used to estimate 
indices of centrality. The betweenness (how a node affects the average 
path between other pairs of nodes), closeness (how a node is indirectly 
associated to the other nodes), strength (how a node is directly con-
nected to the other nodes) and expected influence (sum of a node’s 
connections representing the relative importance of a node in a network) 
are the indices that estimate centrality. The correlation stability (CS) 
coefficient was calculated to assess the internal reliability of the net-
works (Epskamp et al., 2018). The CS is the maximum proportion of the 
population that can be dropped so that the correlation between the 
recalculated indices of the obtained networks and those of the original 
network is at least 0.7. A minimum cut-off of 0.25 is recommended for 
betweenness, closeness and expected influence in order to consider a 
network stable (Epskamp et al., 2018). The CS coefficient was calculated 
using case-drop bootstrapping (nboots = 2000). The accuracy of 
edge-weights was estimated by drawing bootstrapped confidence in-
tervals computed using non-parametric bootstrapping (nboots = 2000). 
Both for case-drop and non-parametric bootstrapping, network stability 
analyses were executed using the bootnet function in the bootnet package. 
Visual inspection of the networks reveals the thickness of an edge that 
graphically represents the magnitude of the association: thicker edges 
indicate stronger associations between symptoms. The level of statistical 
significance was set at p ≤ 0.05. 

3. Results 

Nearly half of the total sample (N = 151) met the criteria and were 
diagnosed with BED (49.8% vs. 50.2%). The two subgroups were com-
parable in age (BED = 38.1 ± 14.1 years vs. obesity = 42.9 ± 13.4 years) 
and BMI (BED = 38.8 ± 8.5 kg/m2 vs. obesity = 42.4 ± 7.9 kg/m2). 
Over 50% of the sample were women, married, graduated and 
employed. Among the individuals with BED, 68% had a positive score on 

Table 1 
Sample description.    

BED n = 151 OBESITY n = 152 

Mean SD Mean SD 

Age (Years) 38.1 (14.1) 42.9 (13.4) 
BMI (kg/m2) 38.8 (8.5) 42.4 (7.9)   

Fr % Fr % 
Sex Female 136 (90.1) 106 (69.7)  

Male 15 (9.9) 46 (30.3) 
Education Elementary school 6 (4.0) 10 (6.5) 

Middle school I 41 (27.1) 46 (30.4) 
High school II 75 (49.7) 73 (48.0) 
University degree 29 (19.2) 23 (15.1) 

Employment Unpaid activity 25 (16.5) 29 (19.1) 
Employed 64 (42.4) 69 (45.4) 
Unemployed 25 (16.5) 32 (21.0) 
Student 32 (21.3) 18 (11.8) 
On pension 5 (3.3) 4 (2.7) 

Civil status Single 63 (41.7) 39 (25.6) 
Married 76 (50.3) 98 (64.6) 
Divorced 11 (7.3) 12 (7.9) 
Widowed 1 (0.7) 3 (1.9) 

Food addiction Positive 103 (68.2) 32 (21.0) 
Negative 48 (31.8) 120 (79.0) 

BED: binge eating disorder; BMI: body mass index; Fr: frequency; %: percentage; SD: 
standard deviation. 
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the Y-FAS 2.0, whereas only 21% of those with obesity had a positive 
score on the Y-FAS 2.0. Tables 1 and 2 display the main characteristics of 
the participants and the median scores of the scales, respectively. 

3.1. Network analysis 

The expected influence values indicated that binge eating severity 
(BES) and depression (BDI-II) were the nodes with the highest centrality 
in the networks (M = 1.098; M = 2.215). The CS coefficients for ex-
pected influence were above the recommended cut-off value (i.e. 0.25) 
and the CS coefficients for betweenness and closeness were below 0.25. 
Despite this, the expected influence index was chosen as the main CS 
coefficient, considering that the interpretation of betweenness and 
closeness in networks is somewhat unclear (Forbes et al., 2017) and the 
expected influence index is considered a more stable centrality index 
than the others (Epskamp & Fried, 2018). Fig. 1 displays the expected 
influence centrality index of the variables included in the networks. 

3.1.1. Network analysis in patients with BED 
Fig. 2 illustrates the network for patients with BED. In the BED group, 

binge eating severity (M = 1.098) represented the central node. This 
node exhibited the highest bridge strength, strongly connected to FA 
(0.27) and grazing (0.28). The associations between the BES and the 
EDE-Q total score were moderately strong (0.14). Furthermore, the BES 
node had a direct connection with the EDI-2 (0.10). The depression node 
connected both with the DERS (0.27) and the EDI-2 score (0.37). The CS 
coefficient for this network analysis was 0.36 for expected influence, 
which is above the recommended cut-off value (i.e. 0.25). See the 
Supplementary Material for the accuracy of the CS indices (Fig. S1), the 
bootstrapped confidence intervals of the estimated edge-weights 
(Fig. S2) and the estimated centrality indices (Fig. S3). 

3.1.2. Network analysis in patients with obesity 
In the obesity group, depression was the central node (M = 2.215), 

weakly connected to FA, which appeared marginal (Fig. 3). The stron-
gest connections of the BDI-II were with the DERS (0.511) and the EDI-2 
(0.43). The node was moderately associated with the EDE-Q (0.22), the 
NEQ (0.2) and directly to the BES (0.28). The CS coefficient for this 
second network analysis was 0.52 for expected influence, which is above 
the recommended cut-off value (i.e. 0.25). See the Supplementary Ma-
terial for the accuracy of the CS indices (Fig. S4), the bootstrapped 
confidence intervals of the estimated edge-weights (Fig. S5) and the 
estimated centrality indices (Fig. S6). 

4. Discussion 

Although this is not the first study that has investigated the FA 
construct in patients diagnosed with BED and obesity, this is the first 
evaluating FA in relation to specific eating behaviours and eating psy-
chopathology through a NA approach. Understanding the multidimen-
sional structure and underlying characteristics of FA and its potential 
associations with other constructs is crucial. This may not only facilitate 
the development of research on FA, which is still considered a relatively 
new construct, but also would enable the accurate targeting of FA within 
therapeutic programmes. 

Table 2 
Comparison between groups on psychopathological scales.    

BED OBESITY     

Median Median U Z pa r 

EDE-Q Restraint 2.0 1.8 10557.5 − .333 .739  
Eating concern 3.2 1.2 3271.5 − 10.347 <.001 0.6 
Shape concern 5.3 4.3 6393.5 − 6.055 <.001 0.4 
Weight concern 4.4 2.8 5577.0 − 7.178 <.001 0.4 
Total score 3.8 2.8 5622.5 − 7.105 <.001 0.4 

EDI-2 Total score 101.0 61.0 2524.5 − 7.063 <.001 0.4 
BDI-II Total score 26.0 10.5 835.5 − 5.693 <.001 0.3 
DERS Total score 99.5 64.5 2313.5 − 8.393 <.001 0.5 
NEQ Total score 17.0 12.0 5306.0 − 7.302 <.001 0.4 
GQ Total score 15.0 6.0 2539.5 − 11.087 <.001 0.6 
BES Total score 26.0 8.0 1741.0 − 12.552 <.001 0.7 
Y-FAS 2.0 Symptom count 6.0 0.0 5247.5 − 8.976 <.001 0.5 

BDI-II: Beck Depression Inventory; BES: Binge eating scale; DERS: Difficulties in Emotion Regulation Scale; EDE-Q: Eating Disorder Examination Questionnaire; EDI-2: Eating 
Disorders Inventory-2; GQ: Grazing Questionnaire; NEQ: night eating questionnaire; p: statistical significance; r: Cohen’s effect size; SD: Standard deviation; Y-FAS 2.0: Yale 
Food Addiction Scale Version 2.0. 

a The bold p values indicated the statistical significance. 

Fig. 1. Plot of expected influence index for each node of the two net-
works. 
BDI-II: Beck Depression Inventory; BES: Binge eating scale; DERS: Difficulties in 
Emotion Regulation Scale; EDE-Q: Eating Disorder Examination Questionnaire; 
EDI-2: Eating Disorders Inventory-2; GQ: Grazing Questionnaire; NEQ: night 
eating questionnaire; p: statistical significance; Y-FAS 2.0: Yale Food Addiction 
Scale Version 2.0. 
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Our finding supports previous research that had identified a frequent 
overlap of FA in both BED (di Giacomo et al., 2022) and obesity (Pursey 
et al., 2014). Additionally, this study has found evidence to suggest that 
FA is an important and distinct construct with different meanings in 
these two populations (Burrows et al., 2017; Davis, 2017). 

In the first NA, as expected, binge eating severity emerged as the 
central node for patients with BED; interestingly, it was closely con-
nected to both FA and grazing behaviour. The high centrality of binge 
eating and grazing behaviour is consistent with previous studies 
demonstrating that binge eating and grazing are highly prevalent in 
patients with obesity and BED compared to those without BED (Masheb 
et al., 2011). This is not surprising as both grazing and binge eating 
exhibit LOC overeating, despite differences in the amount and duration 
of food intake (Conceição et al., 2017; Heriseanu et al., 2017; Succurro 
et al., 2015). Patients often report that the experience of LOC and the 
perception of overeating, even when trying to stop, are the core defining 

characteristics (Berner et al., 2020), as prioritized in the ICD-11. The 
fear of LOC was associated with more frequent binge-eating episodes 
(Perelman et al., 2023) and greater LOC was linked to a greater global 
eating-disorder psychopathology but independently associated with 
binge size (Bruzas et al., 2022). It was demonstrated that individuals 
with subjectively large LOC episodes experience levels of distress, 
associated psychopathology and impairment comparable to those with 
objectively large LOC episodes (Brownstone et al., 2013; Palavras et al., 
2013). On the other hand, research has shown that the addiction to 
palatable foods can promote both compulsive overeating (Davis, 2017) 
and compulsive grazing (Bonder et al., 2018). Grazing is considered 
“compulsive” if the LOC overeating feature prevails over the “non--
compulsive” pattern (Conceição et al., 2018) and represents a good 
predictor of FA symptoms (Bonder et al., 2018). 

As noted, definitions of binge eating and food addiction share similar 
clinical features, such as LOC overeating (Gearhardt et al., 2012a). Thus, 
from this perspective, food addiction, grazing and binge eating could be 
lumped together as “loss-of-control-related eating behaviours”. By 
contrast, depressive symptoms were weakly linked to FA, binge eating or 
grazing, but strongly associated with emotional dysregulation (DERS) 
and eating psychopathology (EDI-2). Studies have shown that patients 
with BED report more depressive symptoms (Araujo et al., 2010; Caldas 
et al., 2022), greater eating psychopathology (Dingemans & van Furth, 
2012), particularly in shape and weight concern, and overvaluation of 
weight and shape (Grilo, 2013; Grilo et al., 2010). Furthermore, they are 
more emotionally dysfunctional than those with obesity without BED 
(Wiedemann et al., 2018), suggesting that these symptoms constitute 
another core feature of the disorder. In a previous NA study in patients 
with BED that considered different variables, the central nodes were 
emotional dysregulation measured on the DERS-Impulse subscale and 
metacognition on the Metacognition Self-Assessment Scale (MSAS--
Self-Monitoring domain), whereas depression and eating psychopa-
thology were marginal (Aloi et al., 2021). This result might appear to 
contradict the current study; however, the spatial associations between 
BDI-II, EDI-2, BES and DERS in both studies show a similar pattern. 
Rather, the current study looks for the association between pathological 
eating behaviours in two different groups and highlights the psycho-
pathological centrality of LOC-related eating behaviours in BED. 

Conversely, in the second network that analysed the obesity group, 
depression was the central node. In this case, depression was weakly 
linked to FA, which appeared to be marginal. The BDI-II was directly 
linked to binge and night eating behaviour, as well as the EDE-Q and 
EDI-2. It may be hypothesized that the patients in our sample exhibit 
atypical depressive features, thus explaining the strong and close asso-
ciation between depression and eating behaviours (Benazzi, 2002; Maj 
et al., 2020). Indeed, the literature reports that atypical features are 
present in 25–30% of patients suffering from depression (Thase, 2007) 
and seem to be more associated with overweight and obesity (Lamers 
et al., 2016; Pistis et al., 2021). A recent review and meta-analysis 
demonstrated that patients with atypical depression presented a 
2.55-point higher BMI score than individuals with melancholic depres-
sion (Silva et al., 2020). The depression rate has been linked to weight 
and shape concerns and body image: adults with obesity and relevant 
depressive symptoms and lower self-esteem reported greater weight and 
shape concerns compared to patients without these symptoms (Bry-
tek-Matera, 2011; Darby et al., 2007; Felske et al., 2021). Another study 
emphasizes the role of emotion dysregulation and deficits in intero-
ceptive awareness as underlying mechanisms initiating and maintaining 
emotional eating in obesity (Willem et al., 2019). In these patients, 
depressive symptoms are related to a lower ability to cope with negative 
emotions. Consequently, patients may exhibit an altered response to 
palatable and high-fat food, which can result in weight gain and 
decreased motivation for treating obesity (Albano et al., 2019). In our 
sample, the BMI in this group was higher than that of the BED group. 
Overall, this NA supports a large umbrella review that found depression 
to be one of the few risk factors with strong evidence for the 

Fig. 2. Network analysis in patients with BED. 
The network structure estimated from the graphical EBIC-LASSO in patients 
with binge eating disorder. Blue lines represent positive correlations. Thicker 
edges represent stronger correlations. BDI-II: Beck Depression Inventory; BES: 
Binge eating scale; DERS: Difficulties in Emotion Regulation Scale; EDE-Q: 
Eating Disorder Examination Questionnaire; EDI-2: Eating Disorders 
Inventory-2; GQ: Grazing Questionnaire; NEQ: night eating questionnaire; p: 
statistical significance; Y-FAS 2.0: Yale Food Addiction Scale Version 2.0. 

Fig. 3. Network analysis in patients with obesity 
The network structure estimated from the graphical EBIC-LASSO in patients 
with obesity. Blue lines represent positive correlations. Thicker edges represent 
stronger correlations. BDI-II: Beck Depression Inventory; BES: Binge eating 
scale; DERS: Difficulties in Emotion Regulation Scale; EDE-Q: Eating Disorder 
Examination Questionnaire; EDI-2: Eating Disorders Inventory-2; GQ: Grazing 
Questionnaire; NEQ: night eating questionnaire; p: statistical significance; Y- 
FAS 2.0: Yale Food Addiction Scale Version 2.0. 
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development of obesity (Solmi et al., 2018) and underscores the sig-
nificant interplay between depression, body image, emotion dysregu-
lation and eating behaviours in obesity (Micanti et al., 2017; Willem 
et al., 2020). 

Taken together, our findings suggest that FA appears to be frequent, 
especially among patients with BED but also among those with obesity. 
The psychopathological variables included in the analysis permitted 
different facets of the psychopathological features of FA to be displayed 
in patients with obesity with and without BED, the extent to which 
variables belonging to the same construct (i.e. LOC) are connected and 
how different constructs mutually interact and reinforce each other 
(Borsboom, 2017; Fried & Cramer, 2017; Jones et al., 2021). Although 
other studies focused on the network structure of psychological features 
in obesity (Calugi & Dalle Grave, 2020) and psychopathological features 
in BED (Aloi et al., 2021; Monteleone et al., 2023; Wang et al., 2019), no 
studies included FA with direct comparison of high-weight patients with 
and without BED. The correct identification of central symptoms is 
critical for more targeted clinical interventions. Indeed, core symptoms 
are suggested to be the potential and specific treatment targets (Bors-
boom, 2017). To date, a considerable proportion of patients do not 
achieve remission from binge eating or regaining weight, even after 
bariatric interventions (Brownley et al., 2016; Chao et al., 2016). The 
different centrality of FA in the two groups evaluated in this study 
provides additional evidence of new features that need greater consid-
eration in the diagnosis and treatment of patients with BED and obesity 
(Carbone et al., 2021). The knowledge of these features may be a useful 
guide for clinicians, in order to suggest interventions aiming to improve 
LOC-related eating symptoms, including FA in high-weight patients with 
BED and depression in high-weight patients without BED. Further lon-
gitudinal and intervention clinical trials should be conducted to explore 
the effectiveness of different strategies in the two groups. 

The limitations of the current study also need to be acknowledged. 
First, the cross-sectional design does not allow causality to be inferred 
regarding the connections identified in the networks or their state or 
trait nature to be distinguished. Second, self-report questionnaires, 
although consistent with previous literature, may be affected by recall 
bias, leading to underestimation of eating behaviours or affective 
symptoms. Third, the lack of assessment of personality traits and other 
measures of general psychopathology, such as anxiety, stress or sleep 
alterations, which are frequent in patents with BED or obesity, prevents 
a complete assessment of the connections between FA and the whole 
psychopathology in our sample. Indeed, psychiatric comorbid syn-
dromes could have affected psychopathology expression because people 
with obesity, BED and other comorbid major psychiatric disorders 
exhibit worse eating psychopathology than those without (de Fátima 
Benato Fusco et al., 2020; Duarte-Guerra et al., 2022; Klatzkin et al., 
2018). 

The main strength is that the study allowed the associations between 
FA, eating behaviours and eating psychopathology to be explored in 
people with obesity with and without BED. If replicated, the current data 
suggest that FA, when present, may characterize more specific pheno-
types of patients with obesity and BED who may require targeted 
therapies. 

In conclusion, these results suggest that FA represents an important 
and distinct construct in the two populations. In patients with BED, FA is 
intimately connected to other pathological eating behaviours (e.g. binge 
eating and grazing), whereas in patients with obesity, depression ex-
plains the relationship with pathological eating behaviours. Thus, FA 
appears as a differential feature in the psychopathology of patients 
suffering from obesity with and without BED, which could have different 
implications for development, maintenance, prevention and treatment. 
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