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1. Introduction

Eating disorders (EDs) are mental health diseases characterized by dysfunctional
eating patterns, including restrictive eating, avoidance of foods, binge eating, and com-
pensative behaviors to avoid weight increases and promote thinness (purging, vomiting,
laxative/diuretics misuse, and compulsive exercise). These eating-related behaviors occur
with concurrent severe negative consequences which affect physical, psychological, and
social function [1]. As a consequence, the onset and progression of EDs often lead to
comorbidity with other multiple psychiatric disorders, disabilities, and mortality rates [2].

There are a diverse range of ED types, with the most common being anorexia nervosa,
bulimia nervosa, binge-eating disorder, and other specified feeding and eating disorders [3].
Overall, lifetime EDs have been identified in around 5% of the general population among
developed societies [4]. EDs are now on the rise worldwide, and the large increases in
estimated prevalence during recent decades (rates more than doubled between 2000 and
2020 among all people) have pointed to the need for new studies assessing the etiology
and underlying mechanisms of these complex eating-related problems among clinical and
population-based samples [5].

Behavioral addictions (BAs) are non-substance-related addictions characterized by an
incapacity to resist impulses toward rewarding stimuli despite the adverse consequences.
Aside from gambling and gaming disorder (the two most frequent conditions within the
spectrum of behavioral addictions), other maladaptive and uncontrolled behaviors include
compulsive sexual behaviors and compulsive buying, among other clinical conditions.
The estimated prevalence differs depending on the BA subtype, geographical area, and
measurement tools, with values ranging between 0.1% and 6.0% for gambling-related
problems [6], 3% and 6% for gaming disorder [7,8], and 5% for compulsive buying [9]. The
high prevalence of BAs over the last two decades has attracted increased scientific interest,
mostly towards those related to the use of technology [10].

This Special Issue aims to identify the underlying triggers of EDs and BAs, two
complex conditions with different diagnostic criteria but that exhibit common clinical
features and functional processes. In the following sections, we present the studies and
contents covered in this topic, which provide a new empirical basis for developing reliable
assessment tools and evidence-based intervention plans (tailored to the individual needs of
patients) from a multidisciplinary perspective.

Nutrients 2023, 15, 3718. https://doi.org/10.3390/nu15173718 https://www.mdpi.com/journal/nutrients
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2. Young People: A High-Vulnerability Group for EDs

Etiological research has identified multiple risk factors as predictors of ED onset and
progression, with age being one of the variables receiving special attention. The stage
between adolescence and early adulthood has been described as a typical age of onset
for EDs since this is a crucial period for significant changes [11]. At the biological level,
significant changes are observed in morphological, physiological, hormonal, and cognitive
functions. At the psychological level, this is a key period of emotional adjustment aimed at
facilitating the formation of an identity. At the social level, young people typically challenge
parental authority. They make great efforts to be accepted in certain social groups. During
this complex process, increased self-awareness contributes to dysfunctional self-doubts and
unfavorable social comparisons, which are also highly impacted by sociocultural pressures
related to self-image and lifestyle habits (resulting in body dissatisfaction, dieting, and
other compensatory behaviors). Individuals with high emotional hyperreactivity and low
executive control of their own behaviors can exhibit dysfunctional behavioral patterns that
can be conceptualized as precursors of behavioral problems and psychopathology. Finally,
young people represent a vulnerable group for developing and progressing mental illness.

Five manuscripts in this Special Issue analyzed data collected among children and
adolescents. First, Rios et al. explored the relationships between food addiction and dietary
restraint within a sample of adolescents between 13 and 16 years of age in a longitudinal
study over a 2-year period of follow-up [12]. A cross-lagged panel revealed that early food
addiction more strongly predicted future dietary restraint than the inverse relationship.
The authors concluded that their results validated models of addiction among adolescents,
particularly those sustaining that restraining behavior constitutes a way to control addictive
behaviors. Consequently, strategic plans specifically aiming to ameliorate food addiction
(such as nutritional-health-promoting school and home settings) may be crucial during
adolescence to prevent later dietary restraint behaviors and the onset of EDs.

Second, the study by Via and Contreras-Rodríguez was a narrative review of the
brain basis of binge-eating disorder among children and adolescents, a critical period
for neurodevelopment [13]. The review’s scope points special attention to the deficits
in the emotional regulatory mechanisms identified in this disorder, mostly involving
reward-based processing and inhibitory mechanisms related to self-regulation. Similar
findings in adult studies, neurocognitive tests, and MRI tasks among youths suggest
that hypoactivation in inhibitory control circuits and the hyperactivation of hug regions
of reward systems are signals of binge-eating patterns. The study also suggests that
ultraprocessed food and drink exposure during childhood may promote changes in the
frontolimbic brain circuits, which then contribute to dysfunctional emotional regulation
processes during adolescence.

Continuing with the study of youth, another work in this Special Issue, conducted
by Matusik and colleagues, also suggests that within this period, specific groups that a
priori could be considered as low-vulnerability can, in turn, trigger a nascent obsession
with food, eating styles, and body image. The authors estimated a high prevalence of
subjects with a positive score in screening tests for EDs among university dietetics students
(close to 46%) [14]. Although it may seem inconsistent, these (young) students, who receive
extensive education on proper nutrition and healthy, fashionable eating styles, could also
develop abnormal relationships with food, and the authors suggest that this is probably due
to their exacerbated desire to become perfect role models in eating and body appearance.
These individuals are also often prone to stressful events including moving to college,
making decisions about their future, or simply taking exams. The authors also observed
that around 14% of nutrition students were in the range of overweight to obese at the start
of university, and this evidence suggests that ED problems could be underlying in these
concrete individuals prior to the beginning of their studies (individuals may view their
studies as a way to deal with their inappropriate eating styles, but in the end, they increase
their preoccupation with healthy eating).
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Similar results were observed in the fourth study of this issue analyzing data among
a young population. Grajek et al. compared university students distinguished by their
fields of study: health-related areas versus non-health-related areas [15]. They observed
a high prevalence of young individuals reporting behaviors characterized by a lack of
control over intake (20.7%) and emotional eating (37.9%), independent of their course.
This study concluded that among university students, those with lifestyles characterized
by inappropriate diets, low rates of physical activity, and high levels of perceived stress
are likely to develop unhealthy eating patterns independent of their chosen subject.
Ultimately, arrival at university is one of the most important changes that take place
in the lives of young people. This period of liberation is usually accompanied by an
increase in stress levels, and students’ initially high expectations of study motivation
can be hampered because they find themselves experiencing concurrent changes that
overall affect their lifestyle.

This Special Issue also includes a multicenter, cross-sectional study aimed at explor-
ing behaviors, attitudes, perceptions, and barriers to engagement among children and
adolescents (12 to 17 years old) with obesity, caregivers, and healthcare professionals [16].
The results showed that around one-quarter of children with obesity and around half
of caregivers perceived that the child’s weight was in the normal range; additionally,
almost 95% of caregivers perceived the child in their care to be in good health. These
results evidence the tendency for parents/caregivers to misperceive their child’s weight
(they underestimate overweight status), and therefore, their severe inability to recognize
obesity as a disease during this stage. Given that many caregivers in the study (around
40%) also felt that possibly being overweight was not a relevant problem because the
children would get thinner as they grew up, this will lead to a denial of the problem and
delay early intervention. The authors recommend improved communication systems
between all the individuals involved in the process (children and adolescents living
with obesity, caregivers, and healthcare professionals), an adequate identification of the
multiple barriers to addressing weight-related problems, and improved health education
on nutrition and its correlates.

3. Other Risks for EDs (Affecting Any Age Group)

The prevalence of EDs has increased across all social sectors in developed countries.
In addition to the risks that are typically present at different points in the life course, epi-
demiological research has identified additional threats to EDs that can have an impact at
any age/stage of life, depending on the broader sociocultural and psychological context.
For example, participating in competitive sports may increase the chances of developing
ED outcomes [17]. Professional athletes focus most of their lives on sports and they can
relate their athletic performance to restricted dietary and dysfunctional nutritional intake.
These individuals can also emphasize appearance and overvalue the belief that lower
body weight will improve performance [18]. The study by Ibañez-Caparrós and colleagues
included in this issue observed that, when comparing ED patients who were professional
athletes with those who were not, the athletes showed less body dissatisfaction and better
psychological performance [19]. However, within the athlete group, individual sport activ-
ity and aesthetic sports (such as gymnastics, diving, and figure skating) were associated
with worse clinical profiles (higher eating-disorder symptom levels and more comorbid
psychological problems) and poorer therapy outcomes. The authors outlined the need for
adequate prevention plans for sports organizations and professionals to support athletes.
Special attention must be paid to aesthetic sports, which involve judging individual/team
performance based on a complex set of rules including appearance. Weight-dependent
sports (which divide athletes into weight classes) also deserve special attention, since ath-
letes could normalize the use of compensatory behaviors like vomiting, laxatives, diuretics,
and even dehydration as weight control mechanisms.

Stress can impact eating patterns and trigger EDs. Concretely, stressful events
occurring in the social and family domains have been identified as powerful risk factors

3
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for the onset and evolution of eating-related problems. And, simultaneously, studies
have observed that EDs also greatly impact family and social functioning. In this Special
Issue, the study carried out by Momeñe and colleagues used path analysis to analyze the
underlying relationships between dysfunctional features strongly related to ED profiles
(the perception and fear of loneliness, inadequate coping mechanisms to regain control
over stressful events, and social isolation) and the likelihood of suffering intimate partner
violence (IPV) throughout life [20]. Among a population-based sample composed of
young participants, it was observed that specific ED symptoms were directly related to
IPV (high drive for thinness, ineffectiveness, perfectionism, interoceptive awareness,
impulsiveness, and social insecurity). The study also showed that fear of loneliness was a
mediating link between ED symptoms and received violence, but specifically among the
high social withdrawal stratum. The authors concluded that the results were consistent
with a bidirectional model between EDs and IPV, with central features such as fear of
loneliness and social withdrawal acting as mediating links. In this sense, EDs may be
interpreted as the consequence of employing dysfunctional mechanisms for coping with
the highly adverse consequences of received violence. In addition, with the progression
of the disorder, the severity of eating symptoms and other individual characteristics
(such as fear of loneliness and social withdrawal) contribute to reinforcing the likelihood
of establishing violent partner relationships.

The study by Hoover and colleagues was also focused on how individuals cope
with stress levels as a potential risk for ED-related problems [21]. Using a mediational
model, these authors tested the relationships between elevated perceived vulnerability to
disease and increased fear of fat and cognitive restraint (defined as the control over food
intake with the aim of regulating body weight) and compensatory behaviors. Among a
sample of n = 247 adults (men and women aged from 21 to 70 years), it was found that
perceived infectability and germ aversion directly predicted compensatory behaviors, while
fear of obesity partially mediated the association. In addition, the participants’ sex was
not identified as a moderator variable, indicating invariance in the structural coefficients
for men and women. This suggested that reducing fear of fat among individuals who
experience high perceived vulnerability to infection and disease may be a way to reduce
disordered eating (e.g., delivering interventions and cognitive–behavioral techniques to
cope with internalized weight stigma).

Finally, persons exposed to comorbid mental conditions represent a further group at
significantly elevated risk of EDs. The presence of psychological problems is associated
with a set of risks and vulnerabilities, and therefore, the onset and progression of a men-
tal condition raise the odds of concurrent psychiatric diseases. A range of factors have
been identified for the comorbid presence of mental disorders, including elevated rates
of substance consumption to cope with distress and negative mood states, an unhealthy
diet, and unhealthy lifestyles (diminished physical activity and disturbed sleep patterns).
Current systematic reviews confirm that, for some individuals, EDs may be chronic disor-
ders that persist from childhood to adulthood, and that patients with EDs are at a higher
risk of developing multiple comorbid mental clinical states [22]. The study carried out by
Miranda-Olivos and coworkers, included in this Special Issue, assessed how the presence
of EDs with comorbid addictions (food addiction and/or substance use) impacts clinical
profiles and treatment outcomes [23]. The results showed that the presence of addictive
behaviors at baseline was associated with a higher risk of dropout during therapy, and
that within the patients with poor treatment outcomes, a comorbid ED plus at least one
addiction-related behavior was linked to a clinical profile characterized by greater ED
symptom severity, a worse psychopathological state, and more dysfunctional personality
traits. The authors concluded that while the presence of addictive behaviors could show
a low direct impact on treatment efficacy among ED patients, these comorbid conditions
could exert an indirect effect on interventions acting as mediating variables, contributing to
worsening clinical profiles at baseline (global distress and ED severity).

4



Nutrients 2023, 15, 3718

4. The Biology of EDs and BAs: Genetic and Neuropsychological Markers

Evidence suggests the existence of multiple biological markers related to the onset
and progression of EDs and BAs, including genetic and neuropsychological processes.
The study by Solé-Morata et al. [24], included in this issue, tested the underlying mech-
anisms contributing to BA severity through path analysis, specifically among patients
seeking treatment for gambling disorder. Overall, 183 nucleotide polymorphisms (SNPs)
of several neurotrophic factors (NFTs) were genotyped, and 4 were selected and ana-
lyzed based on the results obtained in previous research: (1) rs796189, the presence of
genotypes “AG/GG” (dominant model) and “AG” (overdominant model); (2) rs3763614,
the presence of genotypes “CC” (codominant and dominant models) and “CC/TT” (over-
dominant model); (3) rs11140783, the presence of genotype “CC” (codominant model);
and (4) rs3739570, the presence of genotypes “CC” (dominant model) and “CC/TT”
(overdominant model). The results showed a complex vulnerability model including the
direct and indirect impacts of both the genotype (single SNPs but also haplotype blocks)
and phenotype (sociodemographic, psychosocial, and clinical factors) on the severity of
gambling symptoms, which is consistent with etiological models of this disorder that
include genetic and environmental factors [25].

The etiology of gambling disorder also identified neurocognition as a key domain in
characterizing and maintaining the disease. Overall, BAs are associated with a distinct pat-
tern of neurocognitive functioning differentiated by impaired top–down executive control
and bias risk–reward processing. Theoretical models of addiction propose a hyperactive
drive/reward salience network (a particular affectation was observed in the orbitofrontal
cortex, striatum, and dorsal anterior cingulate cortex), in parallel with reduced executive
functioning and cognitive control over behavior (related to decreased activity in the inferior
frontal cortex and ventral anterior cingulate cortex) [26]. As a consequence, behavioral dis-
inhibition and reward-driven decision making are observed in treatment-seeking patients
at baseline (the dysfunctional level is interpreted as a measure of the addictive severity),
and are also predictive of treatment relapse [27]. The manuscript by Mestre-Bach and
Potenza [28] included in this issue is a state-of-the-art review about specific changes in the
brain as a consequence of interventions in both BA- and ED-related conditions (specifically
food addiction and binge eating). Specific attention was paid to ventral striatal activation
and the related circuitry as a biomarker for these clinical conditions and their recovery, due
to their role in reward processing systems. One main implication of the research is that
neuropsychological performance should be considered in early detection plans, as well as
potentially viable targets for designing novel, more effective interventions (pharmacolog-
ical, psychobehavioral, and neuromodulatory), aimed towards the activation of specific
brain areas involved in reward processing and its connectivity with others.

Turning to the field of EDs, one key domain in their etiology and development
is impulsivity [29,30]. This is a complex transdiagnostic construct implied in multiple
separate neuropsychological and behavioral dimensions [31] and strongly related to
inhibitory control responses and cognitive decision-making processes [32,33]. Impulsiv-
ity has also proved to impact therapy response in both short- and long-term outcomes.
The study by Testa and colleagues carried out in a sample of n = 37 female ED patients
using cognitive behavioral therapy (a treatment recommended by most evidence-based
guidelines) [34] found that poor inhibitory control at baseline (measured in a Stroop task)
was a predictor of poor remission of ED symptom levels at the end of the therapy, while
higher novelty seeking (a personality trait defined as the preference for new experiences
with intense emotional sensations and risk taking) and poorer inhibition in event-related
potentials registered in an emotional go/no-go task negatively impacted symptoma-
tology remission at 2-year follow-up after the treatment [35]. This empirical evidence
is consistent with other studies that showed associations between lower cognitive and
behavioral control and poor remission (a high risk of dropout and suboptimal remission)
in the short term and at follow-up in patients with EDs [36]. The empirical evidence
obtained in the study by Testa et al. urges the need of the early detection of ED signals,
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including lack of inhibition, with the aim to plan precise intervention plans to improve
treatment effectiveness. Therapeutic approaches with inhibitory control training with
general or food-specific stimuli could be good candidates for ED patients with difficulties
in inhibition [37–39].

5. Signals Regulating Energy Homeostasis among EDs and BAs

The homeostatic system is implied in control of feeding based on the regulation of
the energy balance (motivation to eat is increased following a reduction in energy stores).
Contrarily, the hedonic system implied in feeding is based on the reward-based regulation
system and can override homeostatic signals during periods of energy abundance through
a rise in the desire for highly palatable foods. Studies have analyzed the control of energy
homeostasis and the pathogenesis of EDs, but new empirical evidence is required to further
understand energy balance.

In this vein, the study by Nieto et al. [40] included in this issue analyzed the as-
sociation between the digestive process that follows meal ingestion and a postprandial
experience that involves homeostatic sensations (satiety and fullness) with a hedonic di-
mension (digestive well-being and mood). Based on the Pavlovian conditioning model
and the hypothesis that the postprandial experience depends on the characteristics of the
individual (intestinal sensitivity, digestive function, and other cognitive/emotive factors)
and the meal (organoleptic and the amount and composition), the authors observed that
pairing a pleasant meal with an experimentally induced aversive sensation conditions the
postprandial response to the subsequent consumption of the same meal. The study also
observed that aversive conditioning did not contribute to a homeostatic sensation and
physiological digestive response, but significatively impaired the hedonic practice. As
a consequence, it was suggested that aversive postprandial conditioning may be consid-
ered for the treatment of diverse health conditions, such as obesity, hypercholesterolemia,
diabetes, and functional gut disorders. Also, the reinforcement of postprandial rewards
and food balance could help counteract natural neophobias of new/unknown foods (for
example, in children or patients with autism spectrum disorders) and promote ingestion in
individuals with nutritional deficits (for example, patients with anorexia as a consequence
of oncological treatments).

Another study included in this Special Issue was also focused on the study of signals
involved in energy homeostasis, specifically in patients who met diagnostic criteria for gam-
bling disorder [41]. An analysis of diverse gut hormones (ghrelin (an appetite-stimulator)
and liver-expressed antimicrobial peptide2 (LEAP2, an endogenous antagonist of growth
hormone secretagogue receptor)) and adipocytokines (leptin and adiponectin) revealed
that, compared with a healthy control group, patients with gambling problems presented
increased plasma ghrelin and lower LEAP2 and adiponectin concentrations, while no
differences in leptin levels were found. The authors concluded that endocrine functions are
related to reward processing involved in substance- and non-substance-related addictive
processes, and therefore, they may have therapeutic implications because of the relationship
with intensifying craving and relapsing.
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Abstract: The relationship between food addiction, an important emerging construct of excessive
eating pathology, and dietary restraint has yet to be fully understood. Eating disorder models
commonly posit that dietary restraint exacerbates loss of control eating (e.g., binge episodes) and
may also play a causal role in the development of food addiction. However, dietary restraint as a
reaction to consequences of food addiction (e.g., uncontrollable eating or weight gain) represents
another plausible pathway. Existing studies indicate that the association between food addiction
and dietary restraint may be more significant during adolescence than adulthood, but are limited
by cross-sectional study designs. A longitudinal study using an adolescent sample is ideal for
investigating potential pathways underlying links between food addiction and dietary restraint. This
study examined temporal pathways between food addiction and dietary restraint in a sample of one
hundred twenty-seven adolescents (M = 14.8, SD = 1.1) at three timepoints spanning two years. This
is the first study to examine longitudinal cross-lagged panel associations between food addiction
and dietary restraint. In this adolescent sample, food addiction significantly predicted future dietary
restraint (b = 0.25, SE = 0.06, p < 0.001), but dietary restraint did not significantly predict future food
addiction (b = 0.06, SE = 0.05, p > 0.05). These findings support the theory that dietary restraint may
be a reaction to deleterious effects of food addiction during adolescence.

Keywords: food addiction; dietary restraint; adolescence; longitudinal analysis

1. Introduction

Food addiction is an emerging classification of compulsive overeating, characterized by
“excessive overeating of high-calorie food accompanied by loss of control and intense food
cravings” [1,2]. Alongside empirical support for the concept of food addiction, remaining
questions regarding its mechanisms and clinical utility have stimulated scholarly debate. A
leading critique of the food addiction construct is that existing models do not adequately
account for contributions of dietary restraint [3]. Dietary restraint has often been defined as
a self-imposed restriction of food intake in order to lose weight or avoid weight gain [4].
However, empirical evidence suggests that individuals who report high levels of dietary
restraint do not always appear to be actually reducing or restricting caloric intake [5,6].
More recently, dietary restraint has been better understood to also encompass cognitive
efforts to reduce overall intake or avoid certain types of food regardless of success [7,8].

Eating disorder models have traditionally held that maladaptive (e.g., rigid or exces-
sive) dietary restraint is a critical antecedent to binge eating [9,10]. According to many
eating disorder models, dietary restraint creates a state of physiological and psychological
deprivation which is difficult to maintain and ultimately induces pathological overeat-
ing [11]. In contrast with traditional eating disorder models, food addiction models do
not currently centralize dietary restraint as a causal etiological factor [9,12,13]. Because
food addiction and binge eating share key features (e.g., loss of control eating and food
cravings [14]), it stands to reason that findings on dietary restraint and related eating
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disorders (e.g., BED and BN) provide valuable theoretical insight regarding how dietary
restraint may influence similar eating pathology in food addiction. Based on the dietary
restraint literature in eating disorders, it is plausible that dietary restraint may also con-
tribute to food addiction pathology or occur as a reaction to negative consequences of food
addiction. However, addictive eating and binge eating are nonidentical pathologies and
restraint is not a central causal feature in known addiction pathways (e.g., substance use
disorders [12]). Numerous prior cross-sectional studies have failed to find evidence for an
association between food addiction and dietary restraint in adults [15–17], though findings
have been mixed in a small number of international studies [18,19]. Thus, it is also possible
that dietary restraint may not be strongly associated with food addiction, highlighting the
need to examine their distinct relationship. However, the existing literature on associations
between food addiction and dietary restraint is overall sparse, and potential relations or
directional pathways have received limited empirical investigation. Therefore, this study
aims to shed light on potential temporal pathways and directionality in the relationship
between these constructs.

Adolescence is a potentially key period during which to investigate the relationship
between food addiction and dietary restraint. Adolescence is a high-risk period for both the
emergence of dieting behaviors and heightened vulnerability to addictive behaviors [20,21].
However, few existing studies, to our knowledge, have explored food addiction and
dietary restraint in adolescents. In one study, food addiction symptoms assessed by the
dimensional Yale Food Addiction Scale for Children 2.0 (dYFAS-C 2.0), a version of the
YFAS adapted to reflect age-appropriate symptoms (e.g., problems at school instead of
work) and reading level [22], were positively correlated with dietary restraint scores on
the DEBQ-R (r = 0.32 [23]). A second study showed that YFAS scores were significantly
correlated with the Three Factors Eating Questionnaire dietary restraint subscale in Turkish
adolescents (OR = 1.01 [24]). Of note, the effect size of these associations were small.
Nonetheless, these studies suggest that food addiction and dietary restraint may be related
in adolescents but are limited by cross-sectional research design.

According to restraint-based theories for eating pathology, these prior findings could
be interpreted as evidence that dietary restraint increases the risk for addictive eating
behaviors. However, these results could also signify that adolescents with higher propensity
for addictive eating may be more likely to engage in dietary restraint as a reaction to patterns
of overconsumption and possible weight gain. If dietary restraint is a stronger predictor
of future food addiction, this may support restraint-based theories for a causal role of
dietary restraint. Alternatively, if food addiction is a stronger predictor of future dietary
restraint, this may support a model of food addiction in which risk is primarily underlied
by exposure to HP foods, and dietary restraint occurs as a consequence, rather than a cause,
of addictive eating. If neither dietary restraint nor food addiction predicts longitudinal
change in either construct, this may indicate that dietary restraint is a less relevant construct
in food addiction than binge-type eating disorders.

The limitations of cross-sectional prior studies make it difficult to speculate on the
nature of the relationship between food addiction and dietary restraint over time. This
study aims to determine whether food and dietary restraint are correlated in a sample
of adolescents (N = one hundred twenty-seven) in a longitudinal design over a two-
year period of repeated assessment. This will increase understanding of the temporal
associations and possible directionality between food addiction and dietary restraint that
appears during adolescence.

2. Materials and Methods

2.1. Participants

Recruitment. As part of a larger longitudinal study examining adolescent eating
behavior and responsivity to food advertisements (Project Media), adolescent participants
(i.e., 13–16 years of age) were recruited from southeast Michigan using print and online
advertisements. A parent or guardian provided written informed consent and adolescents
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provided written informed assent prior to enrollment. Adolescents (N = 127), ranging from
13 to 16 years of age (M = 14.8, SD = 1.1), were recruited for the full study. The dimensional
YFAS-C 2.0 (dYFAS-C 2.0) was added to the questionnaire battery later in data collection,
and 127 participants completed the measure at the initial wave of data collection (Time
1). Participants completed self-report measures at baseline (Time 1) and follow-ups after
one year (Time 2) and two years (Time 3). Participants provided demographics at baseline
(Time 1; participant descriptives are summarized in Table 1). Due to the sensitive nature
of some of the self-reported content, additional protocols were implemented to reduce
potential bias and increase validity of responses. Participants were provided a private space
to complete all measures and were informed that all researchers were blind to their de-
identified responses. This study was approved by the University of Michigan Institutional
Review Board (IRB) and complied with the ethical standards of the APA (APA, 2013).

Table 1. Adolescent Participant Demographics, Descriptives, and Sample Size at Each Wave (N = 127).

Total (n) Percent (%)

Gender
Male 61 48.0

Female 66 52.0
Race

American Indian/Alaska Native 3 2.4
Black/African American 19 15.0

White 91 71.7
Other 1 0.8
Mixed 8 6.3

Unknown 5 3.9
Parental Education

Less than High School 15 11.8
High School Degree 5 3.9

Some College 19 15
Associates Degree 11 8.7
Bachelor’s Degree 35 27.6
Advanced Degree 42 33.1

Sample Size at Each Wave
Time 1 127 100.0
Time 2 92 72.4
Time 3 88 69.3

Mean (SD) Range (min, max)

Age (months) at Time 1 177.3 (12.4) (156.0, 202.5)
BMI z-score 0.95 (0.9) (−1.2, 2.7)

Note. SD = standard deviation; BMI = body mass index. Data missingness was determined by availability of data
for primary variables included in the cross-lagged panel analysis (i.e., food addiction (YFAS) and dietary restraint
(DEBQ-R) at each time point).

Inclusion and Exclusion Criteria. Due to the aims of the larger study investigat-
ing eating behavior and reward response to food marketing in adolescents, participant
exclusion criteria included the following factors known to influence reward function-
ing: (1) a history of or a current eating disorder diagnosis, (2) current mood, anxiety,
trauma, or psychotic disorders, (3) current prescription for a psychotropic medication, and
(4) underweight BMI status.

2.2. Measures

Demographics and Anthropometry. Participants were asked to complete a demo-
graphics questionnaire at the first study visit (Time 1). Participants were asked to self-report
their date of birth (which was used to calculate age in months), race, gender (as male, female,
other gender identity, or prefer not to identify), and parental education level. Participant
height and weight measurements were taken at the first study visit (Time 1). Participants
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were asked to remove any shoes, hats, and outerwear. Participant heights and weights
were taken twice to confirm accuracy. Participants were weighed to the nearest 0.1 kg
using a Detecto Portable Scale. If weights differed by more than 0.1 kg, the measurements
were repeated. Participant height was measured using an O’Leary Acrylic Stadiometer to
the nearest 1 cm. If height measurements differed by more than 1 cm, the measurements
were repeated. Participant BMI z-scores were calculated using percentiles determined by
the Center for Disease for Control’s assessment for children and teens [25]. Participant
demographics and anthropometry measures are summarized in Table 1.

dYFAS-C 2.0. The dYFAS-C 2.0 is a 16-item self-report measure that operationalizes
food addiction characteristics in children and adolescents based on the same DSM-5 criteria
for substance use disorders as the YFAS ([16,23]. When completing the dYFAS-C 2.0,
participants are instructed to think about foods high in refined carbohydrates and/or fats,
as these foods have been most evidenced in food addiction [26]. All items are reported on a
5-point Likert scale (from 0 = never to 4 = always). Prior research suggests that problematic
substance use in adolescence is more accurately conceptualized as a continuous rather than
a categorical syndrome [27]. Thus, the dYFAS-C 2.0 utilizes a dimensional scoring approach.
Item scores are summed with higher scores indicating more severe food addiction. The
dYFAS-C 2.0 demonstrates good convergent and incremental validity, as well as internal
consistency [23]. In the current sample, dYFAS-C 2.0 scores demonstrated good internal
consistency (α = 0.90).

Dutch Eating Behaviors Questionnaire Restraint Subscale. The Dutch Eating Be-
haviors Questionnaire Restraint Subscale (DEBQ) is a 33-item self-report survey designed
to capture various aspects of eating style including external eating, emotional eating, and
restrained eating. The 10-item restrained eating subscale (DEBQ-R) measures intentions
and attempts to reduce food intake or to avoid certain food types. All items were reported
on a 5-point Likert scale (from 1 = never to 5 = very often). Scores on the DEBQ-R reflect the
average of all items, with higher scores indicating a greater degree of dietary restraint. The
DEBQ demonstrates good predictive validity and internal consistency in adults [28,29], as
well as adolescents [30,31]. In the current sample, DEBQ-R scores demonstrated excellent
internal consistency (α = 0.93).

2.3. Data Analytic Plan

Statistical tests were completed using R version 4.1.2 and the lavaan package [32].
Preliminary analyses were completed to verify that these data did not violate assumptions
for cross-lagged panel analysis including normality, stationarity, and synchronicity [31].
Individuals who completed all measures at all time points (n = 91) did not significantly
differ from individuals who did not complete measures at Time 2 and/or Time 3 of the
study (n = 36) on any of our variables of interest (i.e., food addiction or dietary restraint, all
p > 0.05), covariates (i.e., age, gender, or BMI z-score, all p > 0.05), or demographics (i.e., race
or parental education; all p > 0.05). Full information maximum likelihood estimation was
also used to maximize sample size, given an assumption that all missing data was missing
at random [33]. Prior to analysis, outlier values from both primary variables (food addiction
and dietary restraint) were winsorized [34], and both variables were standardized.

Temporal associations between food addiction and dietary restraint were examined
using a cross-lagged panel design across three waves (Time 1, Time 2, and Time 3). To
control for possible confounding effects of differences in baseline age, gender, or BMI
z-score [35,36], these were considered as covariates in the model. Age and BMI z-score
variables were mean-centered, and gender variable was contrast-coded. Zero-order cor-
relations among variables of interest and covariates were tested at Time 1, Time 2, and
Time 3. Inclusion of covariates did not change the patterns of significance for any find-
ings in the cross-lagged panel analysis but did result in poorer model fit (unadjusted
CFI = 0.95, SRMR = 0.054, adjusted CFI = 0.86, SRMR = 0.14). Thus, for ease of inter-
pretation and improved model fit, results and figures reported here reflect the unad-
justed structural equation models (SEM; see Figure 1). The model simultaneously esti-
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mated the cross-lagged relationships between the two variables, as well as auto-regressive
paths for each variable across time. All effects were assumed to be constant across the
three time points; therefore, a single estimate was computed for each cross-lagged and
auto-regressive relationship, independent of time (see Figure 1 for labeled path diagram).
Pathways and results from the adjusted SEM are provided as Supplemental Materials (see
Supplemental Materials Figure S1 and Table S2). We also conducted exploratory imputa-
tion analyses to account for missingness in the data at Time 2 and Time 3. However, no
substantial differences were observed in the correlations or cross-lagged panel analyses
between the non-imputed and imputed data sets. Thus, the results from the non-imputed
data are reported here.

Figure 1. Path Diagram for Unadjusted Cross-lagged Panel Analysis between Food Addiction and
Dietary Restraint.

3. Results

Food addiction and dietary restraint were significantly associated with each other at all
time points (r = 0.34, p = <.001; r = 0.36, p = < 0.001; r = 0.47, p = < 0.001), and were each asso-
ciated with age, gender, and BMI z-score at most time points (see Supplemental Table S1).

Cross-lagged panel analysis revealed that food addiction significantly predicted future
dietary restraint (b = 0.25, SE = 0.06, p < 0.001). Dietary restraint did not significantly predict
future food addiction (b = 0.06, SE = 0.05, p > 0.05; see Table 2 for all model estimates). In
comparing the difference between coefficients for each of the cross-lagged paths, Path 1
(food addiction predicting dietary restraint) was significantly stronger than Path 2 (dietary
restraint predicting food addiction; b = 0.18, SE = 0.08, p < 0.05). Auto-regressive paths
were significant for both food addiction (b = 0.61, SE = 0.05, p < 0.001) and dietary restraint
(b = 0.59, SE = 0.056, p < 0.001) over time, suggesting both constructs showed test-retest
reliability over time.

Table 2. Standardized Regression Coefficients for Food Addiction and Dietary Restraint from Unad-
justed Structural Equation Models.

CI (95%)

Path Predictor Outcome b SE z p Lower Upper

1 Food addiction Dietary restraint 0.25 0.06 4.51 <0.001 0.14 0.37
2 Dietary restraint Food addiction 0.06 0.05 1.24 0.21 −0.04 0.16
3 Food addiction Food addiction 0.74 0.05 15.32 <0.001 0.64 0.83
4 Dietary restraint Dietary restraint 0.58 0.06 10.48 <0.001 0.47 0.68

Model Fit: X2(8) = 21.14 (p < 0.01); SRMR = 0.04; CFI = 0.95. CI = confidence interval. A post-hoc sensitivity
analysis using pwrSEM ([37] with ten thousand simulations and a seed of twenty-three indicated that our model
had 100% power to detect an effect of this size for Path 1, and 41% power to detect an effect of this size for Path 2.
Predictor variables were measured at T1, outcome variables were measured at times T2 and T3.
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4. Discussion

In a longitudinal study of one hundred twenty-seven adolescents, we assessed and
compared the strength of predictive pathways between food addiction symptoms and
dietary restraint across two years. Cross-lagged panel analyses showed that food addiction
significantly predicted future dietary restraint over time. In contrast, dietary restraint did
not predict future food addiction. To address our primary research question, we computed
the difference between the coefficients for each of the cross-lagged paths. The path for
food addiction predicting dietary restraint (Path 1) was stronger than the path for dietary
restraint predicting food addiction (Path 2). Auto-regressive paths for food addiction
(Path 3) and dietary restraint (Path 4) were both significant, indicating the stability of these
predictors over time.

The present findings provide additional support to the existing literature that food
addiction and dietary restraint demonstrate some association in adolescents [22–24]. While
some researchers have thereby speculated that dietary restraint plays a causal role in the
development or progression of food addiction [38], these longitudinal findings show that
food addiction is a stronger predictor of future dietary restraint than dietary restraint is of
future food addiction. This suggests that food addiction may be more likely to emerge prior
to dietary restraint, and that dietary restraint occurs as a consequence rather than a cause of
food addiction. This finding is consistent with other models of addiction (e.g., substance use
disorders) in which individuals exhibit restraint in an effort to control addictive behaviors
or substance use [12,13].

This is in contrast to some predominant models for binge eating, which have histori-
cally suggested that dietary restraint is a causal preceding factor [9,10]. However, findings
from more recent empirical studies on binge eating and dietary restraint have been mixed.
While dietary restraint appears to be a relevant factor in binge-type eating pathology for
some individuals (e.g., about half of individuals who develop BED [39–41]), binge-type
eating behaviors are reported to precede dietary restraint for many others [39,42,43]. The
present findings suggest that the relationship between food addiction and dietary restraint
in adolescence may be more consistent with the subgroup of individuals for whom dietary
restraint appears to occur as a reaction to binge-type eating pathology (e.g., in an effort
to avoid weight gain [44,45]). It may be that an addictive response to HP foods results
in a greater tendency to engage in reactionary dietary restriction (e.g., due to social pres-
sures and beauty ideals about thinness) to offset excessive food intake. A recent study
demonstrated that repeated exposure to HP foods in healthy, normal-weight participants
led to increased sensitization to the rewarding properties of HP foods and related neu-
robehavioral dysfunction, such as decreased preference for minimally processed foods
and increased consumption of HP foods [46]). Thus, individuals who exhibit addictive
eating of HP foods may be more likely to engage in dietary restriction in order to combat
increased consumption of HP foods or related weight gain. Future research utilizing latent
class growth analyses may provide more specific insights into latent pathways or subgroup
differences for associations or temporal relationships among these constructs.

In sum, while these constructs do appear to be related during this stage of develop-
ment, longitudinal analyses do not support a causal role of dietary restraint in mechanistic
models of food addiction. Rather, the present findings provide stronger empirical support
for a model of food addiction in which risk may be underlied by alternative factors, such
as exposure to HP foods [44,45], clinical co-morbidities and psychological risk factors
(e.g., addiction proneness [47]), stronger reward sensitivity [46,48], vulnerability for weight
gain [44,45], or addiction risk factors (e.g., family history of addiction [49]). Therefore,
evidenced associations between food addiction and dietary restraint in adolescents may
reflect attempts to manage an addictive response to HP foods. The present study provides
empirical evidence for a direct temporal pathway between food addiction and dietary
restraint. It will be important for future research to investigate theoretical risk factors
(e.g., proneness to addiction or exposure to HP foods) or mediators (e.g., weight or shape
concerns) in the model.
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If food addiction is a stronger predictor of future dietary restraint, strategies aimed
specifically at ameliorating food addiction symptoms may be most effective for reducing
future dietary restraint and any amplifying effects on future food addiction. The imple-
mentation of prevention (e.g., health-promoting school and home settings [50]), treatment
(e.g., adapted addiction treatment programs, treatment of comorbid psychopathology [51]),
and policy (e.g., restrictions on HP food marketing that targets teens [52]) interventions
during the crucial stage of adolescence may have substantial benefits for reducing both
food addiction and dietary restraint behaviors in adolescents. Currently, the majority of
prior research has been dedicated to evaluating the food addiction construct, and much
less research has explored or tested intervention approaches. This will be an important
future direction for food addiction research.

There is a critical need for research-guided public health recommendations for di-
etary restraint that address the impairment and distress related to symptoms of food
addiction [1] and living in a social environment that stigmatizes weight gain and fat-
ness [53]. Importantly, existing research suggests that not all forms of dietary restraint
are associated with equally poor eating outcomes. For example, rigid dietary restraint
(e.g., all-or-nothing dieting approach) compared with flexible dietary restraint (e.g., gradu-
ated dieting approach) appears to be more strongly associated with binge-type eating when
dieting rules are violated [54]. Prior research also shows improvements in eating outcomes
(e.g., reduced external eating and emotional eating) when dietary restraint is implemented
regularly and proactively (e.g., routine restraint) compared to irregularly and retroactively
(e.g., compensatory restraint following diet noncompliance [55]). It is therefore possible
that the type of dietary restraint which occurs in reaction to food addiction may have differ-
ential impacts on health and well-being. Intervention strategies that promote more flexible
and proactive dietary restraining behaviors may have some pro-health utility. However,
additional research is needed to better understand which forms of dietary restraint may be
most harmful, neutral, or beneficial for promotion of healthy eating behaviors and how this
may interact with a propensity for food addiction. It will be critical for future research to
explore and develop dietary recommendations for individuals who endorse food addiction
symptoms and struggle to control their eating.

This study offers a number of important strengths and contributions to the empirical
literature. This is the first longitudinal study design exploring temporal pathways between
food addiction and dietary restraint allowing for inferences regarding the nature and direc-
tionality of the relationship between these constructs. Furthermore, this study involved
adolescent participants and utilized developmentally appropriate psychometrics, which
provided an assessment of food addiction and dietary restraint during a key developmental
period in which eating pathology and dieting behaviors often emerge [21,56]. However,
because this study was limited to a two-year span during adolescence, much remains
unknown about early life risk factors and long-term progression of both food addiction
and dietary restraint. Existing research indicates that by adulthood, food addiction and
dietary restraint have a weaker association [19] or may no longer be associated [16,18,57].
Without longitudinal data spanning adolescence and adulthood, it is difficult to pinpoint
why this association seems to diminish over time. Ongoing research is needed to better
understand additional factors which may contribute to risk for both food addiction and
dietary restraint, as well as how associations between these constructs change throughout
various stages of development.

The present study was also limited to a relatively small and well-resourced sample.
Additional research is needed to test how these findings may generalize to larger and more
diverse populations. The use of a larger sample size would also provide more power to
examine possible moderating effects of key covariates (i.e., age, gender, and BMI z-score) or
explore latent class analyses to assess for individual differences or subgroups of pathway
directionality. This study utilized data collected from a larger study with aims to examine
eating behavior and reward response to food marketing in adolescents that excluded
participants with psychiatric conditions including eating disorders or underweight BMI
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status. This allowed us to consider bidirectional effects of food addiction and dietary
restraint more precisely, minimizing possible confounding effects of other eating pathology
(e.g., binge eating). However, it should be noted this removes participants with the most
extreme presentations of dietary restraint and limits the generalizability of the findings.

5. Conclusions

The current results utilizing longitudinal data indicate that dietary restraint may be
more likely to occur as a reaction or consequence to food addiction symptoms. These
findings highlight the potential utility of food addiction as a research target for intervention
or prevention efforts towards improving eating behavior. Future research is needed to
better understand the bidirectional mechanisms that drive the association between food
addiction and dietary restraint in adolescents.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/nu15132977/s1, Figure S1: Path Diagram for Adjusted Cross-lagged
Panel Analysis among Food Addiction, Dietary Restraint, and Covariates (Age, Gender, and BMI
z-score); Table S1: Summary of Bivariate Correlations Among Adolescent Food Addiction, Dietary
Restraint, and Associated Covariates; Table S2: Standardized Regression Coefficients from Adjusted
Structural Equation Models with Covariates.
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Abstract: Binge-eating disorder (BED) is a highly prevalent disorder. Subthreshold BED conditions
(sBED) are even more frequent in youth, but their significance regarding BED etiology and long-
term prognosis is unclear. A better understanding of brain findings associated with BED and
sBED, in the context of critical periods for neurodevelopment, is relevant to answer such questions.
The present narrative review starts from the knowledge of the development of emotional self-
regulation in youth, and the brain circuits supporting emotion-regulation and eating behaviour.
Next, neuroimaging studies with sBED and BED samples will be reviewed, and their brain-circuitry
overlap will be examined. Deficits in inhibition control systems are observed to precede, and
hyperactivity of reward regions to characterize, sBED, with overlapping findings in BED. The
imbalance between reward/inhibition systems, and the implication of interoception/homeostatic
processing brain systems should be further examined. Recent knowledge of the potential impact that
the high consumption of ultra-processed foods in paediatric samples may have on these sBED/BED-
associated brain systems is then discussed. There is a need to identify, early on, those sBED individuals
at risk of developing BED at neurodevelopmental stages when there is a great possibility of prevention.
However, more neuroimaging studies with sBED/BED pediatric samples are needed.

Keywords: binge eating; emotional eating; ultra-processed food; reward; inhibition; MRI; children;
adolescents

1. Introduction

Binge-eating disorder (BED) has been a diagnosis on its own only since the last edi-
tion of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) [1] in 2013.
However, data on prevalence already suggest it is the most-prevalent eating disorder
worldwide [2]. The first peak of prevalence occurs in adolescence [3], at 1–3% in children
and adolescents [3], and 3% for subclinical presentations [4]. BED prevalence rises to
37% in populations of adolescents with obesity [5,6]. Despite the high prevalence, full
comprehension of the diagnosis and its pathophysiological mechanisms is still in its in-
fancy, particularly regarding youths, who frequently have a different clinical presentation
compared to adults [7].

BED involves at-least-weekly episodes of binge eating, which imply eating a large
amount of food in a discrete time period and with a sense of lack of control over it [1]. It is
associated with physical and psychiatric comorbidities and a high impact on quality of life
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and disability-adjusted life-years (DALYs) [2,8]. Regarding physical comorbidity, BED is
most frequently associated with obesity, which confers a risk of other medical conditions
such as metabolic and cardiovascular diseases, leading causes of death worldwide [9].
Psychiatric comorbidities are the norm more than the exception, representing more than
60% lifetime prevalence in subjects with BED, mostly anxiety and mood disorders [10,11].
While BED is a recognized disorder, other related presentations have attracted interest
in the literature. These presentations are either subclinical or precursor forms of BED
(from now on, sBED), which are defined by different but clinically overlapping terminology
throughout the scientific literature. Such constructs are not validated, are mostly descriptive,
and most do not use operationalized criteria. In some cases, but not all, individuals with
these conditions might be diagnosed with specified or unspecified DSM-5 eating disorder
categories (“other specified feeding or eating disorder”, OSFED, or “eating disorder not
otherwise specified”, EDNOS) [1]. Some examples are disordered eating [12], dysregulated
eating behaviour [13], uncontrolled eating [14,15], emotional eating [16], overeating disorder [15],
disinhibited eating [17], LOC eating (loss of control overeating), the latter being the sole
condition with operationalized criteria [5,18,19]. Another closely related concept is food
addiction, a construct under considerable debate for the last 10 years that entails compulsive
and dysregulated intake of high-calorie foods [20–23]. Food addiction is a transdiagnostic
construct; it is present in non-clinical and clinical samples. For example, it is found in high
percentages in clinical samples of eating disorders (between 41.5% and 72.2% in BED) [24].

In comparison with adults, incomplete sBED forms are more frequent in youths, which
is partially explained by the developmental differences between the two groups [7]. For
example, binges in children generally entail lower energy intake, and unadjusted behaviour
is likely limited by the environment (i.e., limited access to food) [7]. Considering this,
adapted criteria have been proposed to detect BED in youths, although this is not a DSM-5
validated diagnosis and it is not widely used in the literature (see refs. [25–28]). BED
diagnoses are frequently preceded by sBED in paediatric populations, with symptoms such
as LOC eating, eating in response to emotions, eating without hunger, and overeating being
associated with a higher risk for later BED development in different studies [18,19,29,30].
Of note, the prevalence of sBED in children is stable across childhood [31] and the presence
of sBED in childhood is associated with a higher risk, compared to adulthood, for more
severe binge eating and other eating disorders such as bulimia nervosa [19,32]. The rate
of diagnostic conversion from sBED to BED is not clear, and to our knowledge, only one
study has evaluated this matter, reporting 28% transition from sBED to BED in a group of
adolescents during a 8-year of follow-up [33]. Given that it was a community study, the
sample of sBED was very small (n = 18).

The most important known underlying factor in BED and sBED is deficiency in
emotional regulation strategies [34,35], which refers to the ability to regulate emotional
responses and to inhibit impulses for immediate gratification in the service of waiting for
larger, delayed rewards [36]. In this scenario, binge-eating episodes are considered mal-
adaptive strategies to cope with negative affections (e.g., sadness, boredom, restlessness)
and/or to obtain rewarding experiences [7,37]. Indeed, difficulties in emotional identifica-
tion and awareness, impulsivity, reward sensitivity, depressive symptoms, low self-esteem,
anxiety, ruminative tendencies, and the presence of an attention deficit and hyperactivity
disorder (ADHD) have been found to predict sBED or to be associated with binge-eating
scores [19,22,35,38–42]. For ADHD, the overlapping of implicated brain circuits in the two
pathologies suggests common neurological substrates or pathophysiological processes [15].
Notably, brain circuits underlying emotional regulation processes develop during child-
hood and adolescence, coinciding with the emergence of sBED. While some research has
been conducted on these circuits in the context of sBED/BED, for example, to evaluate
prefrontal responses to inhibition-processing demands, or reward processes at the level
of the nucleus accumbens—among other regions—our understanding of the relationship
between the development of underlying emotion-regulation brain systems in youth and
sBED/BED remains limited. In this regard, some studies have suggested that sBED and
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BED are mediated by premorbid deficits in neural systems regulating emotions which
confer a vulnerability for sBED/BED development [19,35,43].

In contrast, other studies have suggested that dietary restraint is involved in the
development of BED (restraint model) [44–47], while others have implied that sBED, and
possibly BED, originate in long-term hypercaloric food consumption [35]. The literature
supporting the former is rather mixed, and results might depend on the evaluated outcome
(i.e., bulimia nervosa, BED or sBED), the sample characteristics (i.e., subjects with obesity
vs. community samples), the variables studied (i.e., fasting, low-calory diets, regularity
of meals), and the evaluation of other concomitant factors (i.e., dieting due to internal
motivations related to body dissatisfaction vs. other reasons for dieting) [44–50]. Once
BED is established, however, regular eating and no skipping of meals are two of the most
important factors to overcome the disorder [49]. Regarding the long-term hypercaloric
food consumption hypothesis, recent evidence points towards an association between high
consumption and exposure to ultra-processed foods and drinks (UPF in advance) and the
development of sBED and BED [51,52]. In addition, current evidence links UPF consump-
tion with sBED/BED-associated brain systems (see further). Children and adolescents show
high rates of UPF consumption, with estimates indicating that they obtain between 29% and
68% of their total energy intake from UPF consumption, a figure which increased by 5.6%
between 1999 and 2018 [53,54]. In Spain, the percentage of UPF among all food purchases
almost tripled between 1990 and 2010 (from 11.0% to 31.7%) [55]. Notably, this previous
data are concurrent with the alarming rise in obesity prevalence in youth [9,53,56,57].

Given that eating disorders are better understood from a biopsychosocial frame-
work [58], it is important to note that other factors are also important contributors to the
development of sBED and BED. The etiology of eating disorders is indeed multifactorial
and complex, characterized by a dynamic interplay among biological factors (e.g., inher-
itable traits, neurodevelopmental influences, neuroendocrinological factors), as well as
psychological (e.g., personality traits such as low self-esteem) and environmental factors
(e.g., sociocultural expectations) [58,59]. Moreover, all of these factors can both trigger and
perpetuate eating disorders [59]. In the context of children and adolescents and sBED/BED,
one important factor includes food-learning habits, for example through parental style
(extensively studied, as in [60–62]); parents might use practices such as restricting food
access to the child, pressuring the child to eat, or using food as a reward or in an attempt to
regulate negative emotions [62]. Such a relationship, however, is seen to be complex and
bilaterally associated with child behaviour [60]. Nevertheless, the contribution of all these
variables to sBED/BED are beyond the scope of this review and will not be covered here.

A better comprehension of the link between sBED conditions and BED pathophysiol-
ogy, both clinically and at the level of the brain, as well as the long-term trajectory of these
two forms during vulnerable neurodevelopmental periods, might help to detect and treat
those individuals at greater risk for BED [63]. In addition, it is also necessary to review the
evidence of the association between the consumption of UPF, BED, and sBED forms, in
order to identify and examine new factors that may contribute to increasing the clinical
and subclinical presentation of this eating disorder.

Review Scope

In the present narrative review, we aim to provide a clear picture of the convergence
between brain alterations in sBED in children and adolescence, and those under full BED
forms. To that end, we will first provide a brief review of the brain circuit’s underlying eat-
ing behaviour (Section 2), as well as of the neurodevelopment of emotional self-regulation
processes (Section 3). In Section 4, we will synthetize the neuroimaging studies conducted
on sBED and BED, and draw conclusions regarding the convergence and divergence of the
findings, if possible. The preliminary evidence linking the high consumption of UPF, sBED,
and BED is reviewed in Section 5. In Section 6, we conclude by suggesting lines of research
for future studies. Despite not conducting a systematic review (while others exist, such
as [13]), a selection of reviewed articles has been conducted using a systematic search on
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three different databases (Pubmed, Scopus, WoS), specifically looking for magnetic reso-
nance studies in children and adolescents and on binge eating or subtheshold conditions
such as emotional eating or food addiction. We apologize in advance to our colleagues
whose work has been omitted unintentionally or due to space constraints.

2. Eating Brain Circuitry

Eating behaviour is driven by several psychobiological factors that include homeostatic
factors, the coding of rewarding properties of food, and other individual psychosocial
factors associated with eating [64]. Food is processed through ascending sensory pathways
that bring information about the properties of food (smell, taste, texture) to the brain.
For example, gustatory information is processed by the cranial nerves, the nucleus of the
solitary tract, and the gustatory thalamus [65]. Information from different sensory channels
is then largely integrated to the frontal opercula and insular cortex [65–69]. Next, the
orbitofrontal region (its caudolateral parts considered the secondary cortical taste) assigns
reinforcement values to food [70,71]. Other limbic and cognitive neural systems involved
in eating behaviour modulate this primary response, for example, in the anticipation of the
food stimulus, in the hedonic or emotional response, and in approaching behaviour related
to food stimuli [72]. These regions might be conceptualized as a ventral system (emotional,
excitatory) and a dorsal system (cognitive, inhibitory). This model has been used to explain
other eating disorders, such as anorexia nervosa [73].

The ventral system is composed of the striato-limbic and ventral parts of the prefrontal
cortex, and it sends information to more dorsal prefrontal pathways (bottom-up). It is
involved in the monitorization of internal and external responses, such as the identification
of emotional significance, encoding the value for a choice, and in hedonically motivated
eating behaviours, including craving [72,74–77]. For example, the orbitofrontal cortex and
the striatum (dorsal- and ventral-encompassing the nucleus accumbens, the hub area of
the reward system) are involved in both the anticipation and the consummatory food
reward [78–81]. Within this circuit, the insular cortex is a multimodal region that integrates
primary sensory and interoceptive information with emotional, cognitive, and motivational
signals in a posterior-to-anterior anatomical progression [69,82,83]. Together with the
thalamus, it encodes the organoleptic properties of food and food energy, and regulates
energy balance, feeding, and satiety [67,84]. As an example, the response of the insular
cortex is associated with gut hormone responses and peripheral blood glucose levels [84,85].
Thus, the insular cortex plays an important role in homeostasis and interoceptive processes
involved in eating behaviour [86,87]. In addition, anterior parts of the insula have been
consistently involved in craving, including food craving [88–90].

The dorsal system (top-down), in turn, includes prefrontal regions, and it exerts
control over subcortical striato-limbic structures [73,91]. This neural system is in charge
of executive functions, such as planning and organization for problem solving, which
are crucial to direct behaviours toward objectives, and to inhibit behaviours [73]. For
instance, it is critically involved in the decision to eat or to inhibit the desire (or craving) to
eat [92]. Under physiological conditions, the balance functioning between these ventral
and dorsal neural systems, and their interaction with homeostatic regulatory circuits in
the hypothalamus, will finally determine food intake (for a review, see [93,94]). Alterations
within the ventral and dorsal systems are thought to characterize sBED/BED [95]. The next
section will provide a review of our knowledge regarding the standard neurodevelopment
of brain systems involved in emotional self-regulation and the potential implication for the
risk of developing BED.

3. Neurodevelopment of Emotional Self-Regulation

As mentioned, deficits in emotional regulation processes crucially underlie sBED
and BED [34,35]. Adaptive self-emotional regulation is achieved over life by learning
processes, with cognitive reappraisal being the most studied. Cognitive reappraisal entails
deliberately altering the self-relevant meaning (an appraisal) of an emotion-inducing
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stimulus to change its emotional impact [96]. Its frequent use is linked to an improved
control of emotions, cognitive performance, and interpersonal functioning [97]. Children
can engage in cognitive reappraisal with adult guidance between the ages of three and
five but it is not until middle childhood, around 6–7 years of age, that they are able to
independently reappraise emotional stimuli if instructed to do so (for a review see [98]).

The effective employment of cognitive reappraisal is dependent on underlying execu-
tive functions, such as working memory and attentional shifting [99]. In congruence with
the normal development of prefrontal-supporting executive systems, neuropsychological
and neuroimaging studies suggest that this strategy is not effective until adolescence [98].
Such studies indicate that from middle childhood into late adolescence, the use of reap-
praisal effectively downregulates the activity within core limbic brain structures involved
in emotion generation (e.g., amygdala) [98] (for a review of the network implicated in cog-
nitive reappraisal, see [100]). Among the diverse prefrontal areas implicated in cognitive
reappraisal, the ventrolateral and medial prefrontal cortices have been repeatedly associ-
ated with the effectiveness of reappraisal in studies, with samples ranging from middle
to young adulthood [101]. These regions are associated with the appropriate inhibition
of automatic appraisals and the selection of alternate ones, and with the representation
of the reward value of goal-directed behaviours [100]. Children, with a yet immature
prefrontal system, are more dependent on external regulation, mostly from parents [102].
Other factors, such as the temperament of the child and biological factors such as func-
tional non-pathological differences in neurotransmitter receptors (serotonin, dopamine)
contribute to these processes [103–105].

Thus, childhood and adolescence are key periods for learning emotional regulatory
strategies, which are supported differentially across ages. While young children depend
greatly on the presence of consistent environment control over the predominance of more
limbic and reward-based own drivers, middle children and adolescents rely more on their
own self-regulatory strategies, supported by their prefrontal cortex systems and built on
temperament characteristics and learning experiences [106]. Although the emergence of
sBED and BED may be more evident in adolescents, when autonomy is gained [13], altered
relationship with food- and brain-based dysfunction might have started earlier, for example,
with learning processes fostered by the immediate environment.

4. sBED-Related Brain Vulnerability Markers and BED

This section will first review the studies conducted with samples presenting sBED
conditions, and then summarize those conducted with subjects with a BED diagnosis across
the main clinical domains of dysfunction.

4.1. Response and Behavioral Inhibition Deficits

Several studies suggest that primary deficits in inhibitory functions, supported by
prefrontal regions, may underlie the deficits in emotional regulation that confer a vulner-
ability for sBED and BED [19]. In particular, children or adolescents with such deficits
might feel overwhelmed and might fail to cope using adaptative responses [19] when
exposed to stressful and negativity-inducing situations (e.g., threats and social losses). In
such situations, vulnerable subjects may show a rush for eating (usually palatable) food,
which avoids facing emotions and initially reduces the negative affect by the obtainment
of pleasure [19,107–109]. While this model has been more extensively studied in binges
occurring in bulimia nervosa [99], there is some limited evidence for sBED and BED.

At the neural level, some studies give support to deficits in behavioural inhibitory
functions in sBED. For example, in adolescents with sBED, one study showed evidence of
decreased activation of the frontoparietal and temporal regions during inhibitory processing
in a functional magnetic resonance (fMRI) study using the go/no-go task [110]. Similarly,
in another study, adolescent girls with sBED and obesity failed to engage prefrontal regions
(ventromedial and dorsolateral prefrontal cortices) in an emotion regulation task in the
context of negative mood induction through a peer-interaction paradigm [111]. In another
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pilot study, preadolescents with overweight or obesity and sBED were exposed to an
intermittent food restriction paradigm during a magnetic resonance session, in which
they received different milkshake flavours in a restricted vs. unrestricted manner [112];
sBED subjects, compared to weight- and sex-matched controls, presented increased activity
in self-regulatory and attention regions (right prefrontal regions, left cingulate, and left
cuneus) during restricted conditions. Hyperactivations were suggested as representing an
increased cognitive effort to regulate emotions under such restrictive conditions [112].

Longitudinal studies using community samples might be more informative in disen-
tangling whether these alterations are or are not primary deficits. Most of these studies
come from large longitudinal cohorts in healthy children and adolescents, such as the ABCD
study (United States population [113]) or the IMAGEN study (European population [114]).
For example, a study from the IMAGEN cohort (n = 1607) showed that greater responses of
the anterior cingulate cortex and medial prefrontal cortex during failed inhibition trials in
a stop signal task at 14 years of age were associated with the development of disordered
eating behaviours at 16 (self-reported binge eating and purging episodes), compared to
healthy controls [107]. The authors suggested that the increased activation may work
as an early compensatory mechanism for inhibitory deficits, which could point towards
a potential early biomarker of sBED. Importantly, the brain alterations reported by all
these studies were not accompanied by deficits in task-behavioural responses, suggesting
inhibitory control performance is not necessarily impaired in sBED, and it also indicates
that compensatory mechanisms may be effective. Further studies should elucidate whether
such prefrontal hyperactivation is or is not a useful biomarker of sBED and/or its transition
to BED.

In BED, evidence of poor impulse control or decreased inhibitory control comes mostly
from limited examinations of adult samples (see reviews in [43,91,115]). In the systematic
review and meta-analysis in obesity of Lavagnino et al. [43], the authors concluded that,
while subjects with obesity (adults and youths) showed decreased inhibitory control per-
formance, such performance did not differ between subjects (only adults) with BED and
those without BED. In contrast, a decreased neural activation in prefrontal areas during
inhibitory tasks characterized adult subjects with BED and obesity compared to subjects
with obesity and without BED in two other studies [116,117].

In conclusion, the very limited literature found in children and adolescents gives some
support for alterations in brain regions involved in inhibition control as a potential early
dysfunction that facilitates sBED. Based on the reviewed studies, the different directions
of the findings (i.e., hypo- vs. hyperactivations) might depend on age (i.e., younger ages
presenting hyperactivations), the premorbid stage vs. consolidated sBED (i.e., hyperac-
tivations prior to sBED development) or even the nature and potential triggering effects
of the tasks used (i.e., hyperactivations during a simulation of intermittent restriction
vs. hypoactivation during tasks purely evaluating cold-cognition, such as the go/no-go
task). There is a lack of information in BED on youths, and the literature is mixed on adult
samples.

4.2. Reward-Based Deficits

Other studies have suggested that some youth, considered vulnerable to sBED/BED
and to obesity, might present either a hypo- or hyperresponsive reward system, which can
drive them towards developing sBED or BED [118,119]. However, according to Stice and
Burger [118], there is little support for the reward deficit theory [14], while the hyperre-
sponsiveness hypothesis is nowadays the theory with the largest support. In this respect,
some authors have suggested that the impulsivity that characterizes children with sBED
may be explained by an increased sensitivity to reward and decreased ability to delay
gratification [120]. Subjects with full BED forms clinically present increased preference for
immediate (food or other stimuli) reward as opposed to delayed [109], greater food-reward
sensitivity, and greater rash-spontaneous behaviour in the context of food [121].
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Some studies have reported neural differences in response to reward in samples with
sBED conditions. For example, in one study of healthy children, the symptom “eating
in the absence of hunger” was positively associated with the activation of the nucleus
accumbens [74]. In community-based cohorts, one study of the ABCD project observed that
certain structural differences of key reward brain regions (i.e., cellular density in the nucleus
accumbens) during childhood (9–10 years old) were associated with body mass index at
the one-year follow-up (n = 2212) [122]. The authors discussed the results in the context of
obesity and possibly unhealthy eating, although the percentage of obesity or presence of
unhealthy eating could not be reported [122]. Another study of the same cohort of children
evidenced that higher functional resting state connectivity between the nucleus accumbens
and the frontoparietal network was predictive of BMI increase over time, although only for
the female group [123]. In adolescents, one study in a community sample (n = 122) observed
that those with BED symptoms (possibly a mixed sample sBED/BED), compared to those
without, showed an increased reward-receipt response in the caudate in a reward-guessing
task when money was won [95]. In this same study, the activation of both the ventromedial
prefrontal cortex and of the caudate during reward receipt correlated positively with binge
symptoms severity; in addition, there were no between-group activity differences during
the anticipation of reward in any of the selected regions (striatum, medial prefrontal cortex,
orbitofrontal cortex, and amygdala) [95].

BED has received more attention in the study of reward-based neural responses, but
mostly in adults. A recent systematic review concluded that BED and sBED were character-
ized by lower resting frontostriatal connectivity, but higher activation of this neural system
when anticipating or receiving food (see [75], adult BED studies [124–132], with only one
including adolescents with BED, a resting-state study [133]). In this review, studies in adults
with BED also showed the hyperactivation of the insula during the anticipation of reward,
but a lower activation when receiving the reward [75]. Another study in a mixed sample
of adults with bulimia nervosa and binge-eating disorder suggested differential reward-
receipt responses depending on the stimulus: increased activity in reward-processing
regions when receiving food, but no differences in response to monetary reward [134].
Other studies also reported that reward-based responses might vary according to homeo-
static state [87]; for example, in preclinical models of BED, the normal decreases in food
reward value at the orbitofrontal cortex when satiated [135] are attenuated [87], akin to
what is observed in humans in bulimia nervosa [136]. However, to our knowledge, the
interaction between homeostatic and reward processes has not been explored in BED or
sBED samples.

In summary, and in accordance with the existing literature, the observed behavioural
increased sensitivity to reward in sBED and BED is complemented by some evidence of
the hyperactivation of hub regions of the reward system, or hyperconnectivity between
these and prefrontal regions in sBED and BED. Research is again very scarce in youth
BED samples, and studies evaluating brain responses to reward in its different processes
(e.g., anticipation, receipt, learning, delay), homeostatic states (i.e., fasting, satiety), and in
response to different stimuli (i.e., money, food, others) are lacking.

4.3. Beyond Inhibition and Reward

Although we described the different processes that may be implicated in sBED con-
ditions and full BED forms (e.g., inhibition and reward-based processes) independently,
they are, however, interrelated, with reciprocal influences of one brain system with another,
and partially reliant on overlapping brain systems [77,137]. Indeed, based on the restricted
literature on youth and the larger body of literature on adults, one possibility is that BED
is better explained by an imbalance between the two systems, rather than independent
alterations in either of them. Interestingly, one preclinical study provides support for this
idea; the researchers found evidence that changes in the connectivity between prefrontal
(i.e., medial prefrontal cortex) and nucleus accumbens might lead either to vulnerability or
resilience to an addiction-like behaviour with food intake [138]. In particular, the enhance-
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ment of synaptic excitatory transmission in this circuit (both at the dorsolateral prefrontal
cortex and nucleus accumbens) prevented such behaviour, while the inhibition of neuronal
activity in this pathway (dorsolateral prefrontal cortex, in its projections to the nucleus
accumbens) led to compulsive food seeking [138]. This provides specific brain targets of
vulnerability to be evaluated in humans.

In turn, the presence of sBED conditions is also believed to challenge the homeo-
static regulation of eating behaviour (and thus the balance between hunger and satiety),
thereby increasing the risk of food overconsumption and health problems (e.g., obesity,
diabetes) [139]. Connections from the basolateral amygdala to the lateral hypothalamus
during satiety have been implicated in susceptibility to weight gain both in rodents and hu-
mans [140], and in one study in adolescents with excess weight, increased resting-state con-
nectivity between the lateral hypothalamus and midbrain was associated with sBED [141].
In a systematic review in children and adolescents, sBED conditions were associated with
alterations in frontostriatal and frontoparietal regions involved in self-regulatory processes,
but also in regions involved in satiety signalling and interception [13].

Other studies support the idea that alterations in limbic regions would significantly
contribute to the expression of full BED forms. This is congruent with clinical observations
that binges take place in response to stress and negative affects [19,91] and with, for example,
evidence for greater secretion of stress hormones and enzymes (i.e., salivary cortisol, alpha-
amylase) in women with BED compared to healthy controls in response to a social stress-
inducing task [142]. The few studies that have assessed the limbic system in full BED forms
point toward alterations in the amygdala, the anterior insula, the hippocampus, ventral
regions of the anterior cingulate cortex, and ventromedial prefrontal and orbitofrontal
cortices [91,143]. For example, a neuroimaging study with a small sample of BED women
showed a decreased activation of the hippocampus when exposed to unpleasant (physical,
social) stressors [144]. Finally, a recent study evaluated connectivity between different brain
systems during the resting state in pre-adolescent children with BED compared to healthy
children, finding aberrant connectivity in prefrontal to amygdala and in anterior cingulate
cortex to orbitofrontal cortex regions [133]. However, to our knowledge, there is no other
information on youth with BED in this respect.

4.4. Relevant Considerations

A final point needs to be made regarding obesity. Obesity is estimated to be comorbid
in 87% of individuals with BED, over the course of their lives [145]. This condition is a
potential confounder in studies in BED; it is associated with gliosis and neuroinflamma-
tion in reward brain regions [146], and obesity in adulthood has been associated with
similar brain inhibitory processing alterations (e.g., lower prefrontal activity) to obesity
with BED [43,118]. Some authors found greater reward response to food cues in obesity
(reviewed here [147]), but others, for example in children, failed to observe differences in
reward regions’ activity [148]. In addition, body interoceptive awareness is attenuated in
overweight and obese individuals [149], and some authors suggest that excess weight in
youth could be associated with a decreased insula response to interoceptive signals (i.e.,
satiation) but increased response toward external food cues [150].

Obesity has frequently been associated with similar neuropsychological and neu-
roimaging alterations to those in BED, and it is difficult to disentangle common and
differing vulnerability and maintaining factors. Control groups in studies need to consider
obesity as an important confounder factor. As previously mentioned, the literature is mixed
on the independent contribution of obesity and sBED/BED to alterations in brain circuitry
(Lavagnino et al. [43], as opposed to other studies [116,117]). Of note, a larger number of
studies in obesity exist, when compared to sBED and BED. Due to the high comorbidity
between conditions, it is likely that most studies in obesity include a significant number of
subjects with sBED/BED; however, such clinical characterization is frequently lacking.
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5. Ultra-Processed Food and Drinks and BED?

According to the NOVA classification, one of the most commonly used definitions
of ultra-processed foods (UPFs) [151] is ingredient formulations that result from series of
industrial processes [152] and that are characterized by no or relatively small amounts of
minimally processed foods that conserve their nutritional properties. In general, they have
low nutrient densities, and they are poor in protein, dietary fibre, and micronutrients. At
the same time, they have a high energy density, high contents of saturated and trans fatty
acids, added sugars, and salt [151]. Moreover, UPFs have a high content of additives (i.e.,
sweeteners, colorants, emulsifiers) intended to intensify their sensory qualities, palatability,
and attractiveness [153]. They may also contain chemicals acquired through contact ma-
terials, such as sophisticated packaging (e.g., bisphenol), and neo-formed contaminants
generated during food processing (e.g., acrylamide, acrolein) [154]. UPFs are engineered
to be highly rewarding and they are easily accessible, inexpensive, heavily marketed, and
habit forming [155]. These characteristics make UPFs different from processed foods, which
are identified by the NOVA classification as being made by adding culinary ingredients
(e.g., sugar, oil, salt) to simple unprocessed or minimally processed natural foods. In
addition, while these foods may contain additives to preserve the original food properties
or resist microbial contamination, they do not aim to imitate the sensory qualities of natural
foods. Finally, several industrial processes with no domestic equivalents are used in the
manufacture of UPF products (e.g., extrusion and moulding, and pre-processing for frying).

UPF consumption is associated with negative health outcomes among children and
adolescents, including cardiometabolic risk, asthma [156], and obesity [157,158]. Also,
growing evidence in both animals and humans suggests that highly processed foods may
trigger addictive processes that drive compulsive patterns of intake. A study by Ayton
and colleagues [51] was the first to objectively show that patients with a BED diagnosis, as
well as bulimia nervosa, consumed approximately 70% UPF, and that foods consumed in a
binge pattern were 100% UPF. This was then substantiated by a second study with a large
sample of participants [52]. In adolescents from the general population, UPF consump-
tion has also been associated with sBED conditions, including food addiction [159–161],
but in addition to internalizing problems [162], depressive symptoms [163], and anxiety-
induced disturbances [164]. However, despite these associations, the potential effect of
the consumption of UPFs on the brain systems implicated in BED and sBED remains to
be understood. This is worrying considering that, in some countries, children are highly
exposed to unhealthy foods from two years of age [53], a sensitive period because of the
unbalanced neurodevelopment between subcortical and prefrontal brain systems [165].

The first evidence that the consumption of UPFs may be associated with changes
in the brain systems underlying sBED and BED came from studies showing that the
viewing or anticipation of unhealthy foods in children changes the activation in brain
regions implicated in reward and cognitive processes (e.g., the orbitofrontal cortex, and
inferior frontal gyrus) [166,167]. These results are congruent with alterations in these
brain systems in BED and sBED sample groups [26,91,95,107,133]. In addition, it is also
of interest to consider that dietary exposure to high levels of foods rich in saturated fats,
added sugar, and salt shifts preference to foods with a higher concentration of these
substances [168,169]. The reshaping of the gustatory systems induced by these substances,
a mechanism known as chemosensory plasticity, may also affect the processing of taste,
and reward processes through interactions with the brain [168]. However, these studies
provide generic evidence of the effect of UPF. More compelling evidence comes from the
few studies that have explored the direct effect of UPF consumption. The first clinical trial
showed that a UPF diet increases fasting glucose, insulin levels, and the hunger hormone
ghrelin [170]. Also, a recent study reported prenatal UPF consumption to be negatively
associated with verbal functioning, including verbal expression and concept reasoning, in
early childhood (4–5 years of age) [171], skills that can predict emotional regulation abilities
in early adolescence [172]. Of note, albeit in an adult sample, a recently published study
showed the consumption of UPF to be positively associated with depressive symptoms but

27



Nutrients 2023, 15, 2994

negatively associated with the grey matter volume within the frontolimbic brain circuits,
which in those with obesity also encompassed reward-related brain networks (i.e., the
ventral striatum) [173]. These preliminary studies indicate that the consumption of UPFs
may interact with emotional processes, as previously suggested in the context of the
consumption of unhealthy foods in BED [7,19]. However, to our knowledge, no previous
studies have investigated this in pediatric samples.

Regarding the effects of specific components and features of UPF, the content of
low-/no-calorie sweeteners (LNCSs) [174–176], their organoleptic properties (i.e., taste,
texture) [177], and design (e.g., ready to consume) [153] have been associated with reduced
satiety and overeating [51]. Regarding LNCSs, neuroimaging studies have provided
evidence that the sweet taste in the absence of nutritive carbohydrates may not lead to
changes in the functioning of the hypothalamus [178,179] and brain regions of the ventral
system (i.e., the nucleus accumbens, and the insula) [180]. Another study found that those
subjects that lacked activation of the insula following a non-nutritive sweetened drink also
showed higher total energy intake in a subsequent libitum buffet [181], and a recent review
showed that subcortical limbic brain regions are among the most commonly reported in
neuroimaging studies evaluating the processing of sugars and LNCSs. In addition, the soft
texture that characterizes some UPFs makes them easier to chew and swallow, with lower
satiation, increased eating rate, and higher overall food intake [177,182]. UPFs are designed
to be eaten fast, and it is well known that foods that can be ingested rapidly increase
subjective appetite and food intake [183], as well as the risk of overconsumption [184].

Finally, some preliminary studies have reported that the adverse effects of UPF ad-
ditives on gut health (see a review in [92]) may affect eating behaviours through induced
alterations in brain neurotransmission. In this line, a study showed that 6 months of
consumption of the artificial sweetener sucralose in drinking water in mice altered host
microbiota and related metabolites, including those belonging to the serotonin(5-HT)-
precursor tryptophan [185]. Inflammation and oxidative stress associated with a high
content of additives [186–188], trans fats [189–191], and advanced glycation end-products
can also alter neurotransmission in the ventral and dorsal systems [192]. This is of concern
if we consider that a proinflammatory immune profile has been reported by some studies
in people with BED and sBED forms [193]. In addition, higher doses or exposure to certain
nanoparticles (like those contained in food additives) in mice are associated with induced
impairment in DA and 5-HT neurotransmitters [194,195], cytotoxicity in glial cells and hip-
pocampal neurons [196], and hippocampal neuroinflammation [197]. Their accumulation
has been demonstrated in the hippocampus, hypothalamus, and cerebral cortex [186,198].
However, further studies should explore whether food-grade nanoparticles have similar
effects.

6. Conclusions: Future

Despite the scarce existing literature on sBED and BED in youths, the present review
established a parallelism in the impaired brain systems between these conditions (see
Figure 1). In particular, some evidence points towards a lack of emotional regulatory
mechanisms in BED and sBED, mostly involving reward-based processing and inhibitory
mechanisms involved in self-regulation, although studies may be biased by the neurocogni-
tive test or MRI task selected. Specifically, evidence of deficits in inhibitory control regions
has been found in youth with sBED and prior to sBED development, suggesting them as
potential early markers of sBED and possibly of BED. Additionally, studies have indicated
that hyperactivation in these regions among youth with sBED may represent potential early
brain compensatory mechanisms. In the case of BED, findings come from adult studies,
which indicate hypoactivation in inhibitory control circuits. In contrast, hyperactivation of
hub regions of the reward system seems to characterize both sBED and BED, as indicated
by data from adult studies and some studies involving youth. Of note, obesity is an im-
portant confounding factor in most of these findings, but it is rarely taken into account.
However, because the diagnosis of BED is mostly based on behaviour (except for the loss of
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control item), it is possible that different mechanisms involving an imbalance of inhibition
and reward-based systems could lead to a similar phenotypic presentation [199]. This is,
however, speculative at this point. It is likely that a more complex interplay between brain
systems is present, and other systems, such as those involved in interoceptive processes
and emotional identification, as well as emotional response, are gaining evidence. More
complex analysis regarding brain dynamics will probably help improve our understanding
of such altered patterns in BED, particularly during changing neurodevelopmental periods.

Figure 1. Summary of theoretical approaches to BED emergence in the context of neurodevelopment.
From either a vulnerable (A) or healthy (B) starting point, and subject to external factors (C), a sBED
condition may or may not develop. From sBED, one group of subjects will develop BED, while others
will not.

A critical evaluation must be conducted regarding the potential association between
UPF consumption and the development of primary emotional regulation strategies, and
eating behaviours [98]. Excessive UPF exposure prior to adolescence may induce changes
in the frontolimbic brain circuits, as well as difficulties in emotional regulation processes at
adolescent stages. The risks should not be minimized regarding sBED/BED, and given that
UPF consumption is a modifiable factor, preventive and more strictly holistic strategies
should be enforced. This is even more important, considering that behavioural interven-
tions remain modest for BED [200]. Information about the potential interaction between
UPF consumption and age-related development vulnerability windows, as well as the ‘toxic
quantity’ of UPF that each subject might tolerate, should be examined in future studies.

With all the information reviewed in the present manuscript, it becomes apparent that
more clarity must be achieved in respect to groups of subjects with sBED conditions that
might be more vulnerable to the development of BED. More information about longitu-
dinal trajectories, and the risks and protective factors of BED development is needed. In
this regard, neuroimaging biomarkers might prove more valuable in clinical practice for
prognostic, rather than diagnostic purposes [201], and they might open up opportunities to
develop target-directed treatments (e.g., cognitive rehabilitation, neuromodulation strate-
gies). Finally, one other important question will need to be addressed in future studies:
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whether sBED is part of a dimensional continuum with BED or, rather, sBEDs are non-
pathological traits present in the general population that confer a risk for BED only in
vulnerable subjects.
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Abstract: Background: Over the past few years, an increase in the incidence of eating disorders
has been noted. An increase in the pace of life, an increase in the availability of a wide variety of
food products, and, to a large extent, the involvement of mass media are cited as reasons for this
phenomenon. The promotion of a slim figure by the mass media is equated with achieving success
in life, but also the advertising of a wide selection of food products (often highly processed) can
have a serious impact on the development of eating disorders. This phenomenon is particularly
observed in industrialized Western countries. Objective: Therefore, it was decided to test and compare
whether dietetics students are indeed more predisposed to developing eating disorders than students
not in the nutrition field. Material and methods: the study included 310 individuals representing
two equal groups of fields of study—dietetics and other students. The study used standardized
questionnaire—EAT-26. Results: It was found that almost half (46%) of the respondents (both dietetics
students and students of other majors) met at least one criterion out of three that could indicate the
probable existence or susceptibility to an eating disorder. These individuals should see a specialist for
further diagnosis. There was no significant effect of the field of study on the overall EAT-26 test score
(p > 0.05). When this result was corrected for BMI values for those with the lowest scores on this
indicator, the risk of eating disorders was found to be higher among students of majors other than
dietetics (X2 = 13.572; V = 0.831 p = 0.001). Conclusions: Almost half of the respondents in both study
groups showed a predisposition to eating disorders based on the EAT-26 test. Despite the presence of
a correlation in individual responses that dietetics students are more predisposed to eating disorders,
no such relationship was found according to the final EAT-26 test scores. However, it was observed
that non-dietetics students who had low BMI values showed higher tendencies toward behaviors
indicative of eating disorders.

Keywords: eating disorders; EAT-26; students; dietetics

1. Introduction

Eating disorders are disease entities with underlying psychological factors. They
are defined as persistent behaviors associated with food intake leading to changes in
consumption, contributing to psychosocial impairment and mental disorders [1,2]. People
who struggle with an eating disorder often experience depression. They often become
addicted to alcohol, drugs, or sexual activities, for example, and self-harm. The symptoms
of eating disorders are closely related to the internal feelings of the patient (e.g., pain,
stress, fear, loneliness, low self-esteem). The literature distinguishes several factors that can
affect the formation of an abnormal relationship with food. The most commonly cited are

Nutrients 2022, 14, 3210. https://doi.org/10.3390/nu14153210 https://www.mdpi.com/journal/nutrients
39



Nutrients 2022, 14, 3210

psychological, biological, social, behavioral, and cultural factors [3]. In particular, the age
of the sufferer may be linked to factors that influenced the development of the disorder.
Among the young population, family and environmental factors come first. Among the
causes of an appetite disorder in children and adolescents are body fat content in girls,
hormonal changes, and the influence of peer groups. In adults, socio-cultural factors can
influence the disorder [4]. Appetite disorders have been differentiated according to the
criteria outlined in the major mental illness classification systems: International Statistical
Classification of Diseases and Related Health Problems ICD-11 in European countries
and the American Psychiatric Association’s Diagnostic and Statistical Manual of Mental
Disorders DSM-5 in the United States [5].

Over the past few years, an increase in the incidence of eating disorders has been
noted, yet Poland still has very few epidemiological studies on eating disorders. The most
reliable data from 2011 indicate that anorexia nervosa occurs in about 2% of people before
the age of 18, and these are 10 times more likely to be female. There are no studies in
Poland estimating these values in terms of the elderly population and people belonging
to specific groups (physically active people, associated with healthy eating and attention
to physical appearance) [6]. However, an increase in the pace of life, an increase in the
availability of a wide variety of food products, and, to a large extent, the involvement
of mass media are cited as reasons for this phenomenon. The promotion of a slim figure
by the mass media is equated with achieving success in life, but also the advertising of
a wide selection of food products (often highly processed) can have a serious impact
on the development of eating disorders. This phenomenon is particularly observed in
industrialized Western countries. Eating disorders mainly (but not exclusively) affect
adolescents and young adults. An increase in the incidence of an abnormal relationship
with food, especially among people who practice endurance and aesthetic sports, such as
running, ballet, gymnastics, or figure skating, has also been observed. What is more, an
increase in the prevalence of eating disorders has been noted among those studying courses
related to proper nutrition [7,8]. Dietetics students, by their curriculum, are subjected to
intensive education on proper nutrition. In addition to the knowledge they acquire in
classes, they increase their knowledge of contemporary fashionable diets and nutritional
trends. In this way, they want to meet the expectations set by their future patients. They
begin to program their lives to look and behave healthily throughout lives, which can
in turn trigger a nascent obsession with nutrition and their figure. Society’s pressure for
them to be impeccable role models in eating and appearance may be the cause of their
developing an abnormal relationship with food [9].

Since there is a lack of research on this issue in recent years, especially in Poland, it
was decided to check in an in-house study whether dietetics students are indeed more
likely to suffer from eating disorders than students of other majors. The group studied in
the in-house paper consisted of 310 students: 155 students in dietetics and 155 students in
other majors unrelated to nutrition.

Therefore, it was decided to test and compare whether dietetics students are indeed
more predisposed to developing eating disorders than students not in the nutrition field.
The basis of the study was to address the hypothesis that the prevalence of eating disorders
among dietetics students is higher than among students in other fields of study.

2. Materials and Methods

2.1. Study Area and Sample

The survey was conducted from March to April 2022 among dietetics students. The
survey was conducted using a mixed survey method, and a questionnaire technique. In
this study group, 155 dietetics students participated in the direct survey, including 96%
women and 4% men. The survey was also conducted among students of other majors of
the selected universities by electronic means, as an indirect survey (CAWI). This group
also accounted for 155 students, including 77% women and 23% men. Students of an
economic university comprised 51 respondents, students of a general university comprised
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52 respondents, and students of a music university comprised 52 respondents. A total of
310 students between the ages of 18 and 25 participated in the research work. They were
students at different stages of their studies.

2.2. Research Tool

The prevalence of eating disorders was analyzed using the EAT-26 questionnaire and
a metric. The metric included gender, age, university name, and degree. In addition,
students were asked about their current body weight and height. Based on this, from
the formula: body weight (kg)/height (m2), BMI (kg/m2) was calculated, which was
interpreted according to the WHO-approved BMI classification for adults [10] (Table 1).

Table 1. BMI classification for adults [10].

BMI (kg/m2) Interpretation of BMI

<16.00 Starvation

16.00–16.99 Emaciation

17.00–18.49 Underweight

18.50–24.99 Body weight normal

25.00–29.99 Overweight

30.00–34.99 First-degree obesity

35.00–39.99 Grade II obesity

≥40.00 Grade III obesity

The research study used an eating disorder screening tool, the American Eating
Attitudes Test (EAT-26) questionnaire by Garner et al. [11]. The EAT-26 is a standardized
questionnaire for detecting risk symptoms of eating disorders. It is designed both for
screening individuals with a clinical diagnosis and for screening among those at risk for
anorexia, bulimia, or obesity. The EAT-26 is one of the most widely used screening tools
in eating disorder prevalence studies worldwide. The test is an abbreviated version of
the EAT-40 created by Garner et al. [11] The interpretation of the EAT -26 questionnaire
consists of three “referral criteria” that determine whether the respondent should come in
for a further assessment of an eating disorder risk. They include:

(1) EAT total actual score consists of 26 questions or statements on attitudes toward
nutrition. Items 1–25 are scored as follows: Always = 3; Usually = 2; Often = 1; Other
answers = 0. Item 26 is scored in reverse (Never = 3, etc.) The screening test can be
scored from 0 to 78. A respondent with a score of 20 or more is at risk of developing
an eating disorder and should see a specialist for further diagnosis.

(2) Behavioral questions indicate possible symptoms of an appetite disorder or recent
significant weight loss. They concern compensatory behaviors (use of laxatives,
weight loss, provoking vomiting, overeating, engaging in excessive physical activity,
and significant weight loss in a short period). If the respondent answered affirmatively
to any of the behavioral questions, as shown in the table, this may indicate the
existence of abnormalities and the need for further diagnosis of eating disorders
(Table 2).
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Table 2. Scoring on behavioral questions [11].

Never 1/Month 2–3/Month 1/Week 2–6/Week 1/Day

(A) Overeating - - X X X X

(B) Vomiting - X X X X X

(C) Pharmacology - X X X X X

(D) Exercises - - - - - X

(E) Weight-loss - X - - X -

(3) Low body weight compared to age norms: the questionnaire includes detailed ques-
tions about height, weight, and gender. This information was used to calculate the
body mass index (BMI) to determine the possible risk of an eating disorder. Below is
a table that indicates whether the subject is underweight by age and gender (Table 3).

Table 3. Interpretation of BMI compared to age and gender norms [11].

Age 9 10 11 12 13 14 15 16 17 18 19 20 >20

BMI-female 14.0 14.5 14.5 15.0 15.5 16.0 16.5 17.0 17.5 18.0 18.0 18.5 19.0

BMI-male 14.0 14.5 15.0 15.0 16.0 16.5 17.0 17.5 18.0 18.5 19.0 19.5 20.5

2.3. Eligibility Criteria and Ethical Consent

The criteria for inclusion in the study group were the following two conditions:
(1) voluntary participation in the study and complete completion of the questionnaire and
(2) student status at the time of the study. In addition, during the initial interview with
the respondents, they were asked about previous psychiatric episodes, thus checking their
history of using a psychologist or psychiatrist. The fact, of their use was noted as a criterion
for exclusion from further study, as those with prior diagnosis and treatment of eating
disorders, mood disorders, anxiety disorders, and others could significantly affect the final
outcome of the study.

All study participants gave informed consent to participate in the study by completing
a questionnaire. The study was approved by the Bioethics Committee of the Medical
University of Silesia in Katowice (PCN/0022/KB/211/20) in light of the Act on Med-
ical and Dental Professions (5 December 1996), which includes a definition of medical
experimentation. The study participants consciously agreed to participate in the study.

2.4. Statistical Analysis

Statistical analysis was performed using Statistica 13.0. The analysis was performed
via the Chi-square test. A p = 0.05 was taken as the level of statistical significance. The
V-Cramer correlation coefficient was also used to test the strength of the relationship of
statistical characteristics. In each case where the symbol NS (non-significance) was placed
next to the p-value, it indicates a lack of statistical significance.

3. Results

3.1. Sample Characteristics

A total of 310 students participated in the conducted study. The first half of the group
(n = 155) consisted of medical university dietetics students. The second half of the study
group consisted of students from various majors of selected non-dietetics universities
(n = 155). In total, 51 students participated from the economic university, 52 students partic-
ipated from the general university, and 52 students participated from the music university.
Among the dietetics students surveyed, women accounted for 96% (n = 149) and men
for 4% (n = 6) of the respondents. However, in the second group of respondents, women
accounted for 77% (n = 120) and men for 23% (n = 35) of the respondents. Among dietetics
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students, 68% of respondents declared that they were in their bachelor’s degree program,
and 32% of respondents were in their second-degree program. In the second group, 62% of
respondents were first-degree students, while 38% were second-degree students.

3.2. BMI of Participants

The calculated BMI of the dietetics students showed that 12% (n = 19) of the respon-
dents were overweight, 2% (n = 3) were first-degree obese, 8% (n = 13) were underweight,
and 2% (n = 3) were emaciated. Body weight in the normal range was 75% (n = 117) of
dietetics students. In contrast, among students in other majors, 15% (n = 23) of respondents
were overweight, 5% (n = 8) were first-degree obese, 8% (n = 12) were underweight, 4%
(n = 6) were emaciated, and 1% (n = 1) were starved. Normal body weight was 68%
(n = 105) of the students. Based on the calculated BMI of the respondents and subsequent
comparison with age norms, it was found that 14% of dietetics students and 17% of students
in other majors had too low body weight compared to age norms. There was no significant
effect of the field of study on low body weight compared to age norms (p > 0.05-NS).

3.3. Risk of Eating Disorders

Based on the assigned score from the EAT-26, Part A questionnaire, it was estimated
that 15% of both dietetics students and students from other majors are at risk for eating
disorder-related diseases and should seek evaluation by a specialist for further diagnosis.
There was no significant effect of the field of study on the total score of the actual items of
the EAT-26, Part A test (≥20), which may indicate the risk of developing an eating disorder
(p > 0.05-NS). According to the accepted scores on behavioral questions from the EAT-26
test, Part B, it was estimated that 33% of dietetics students and 28% of students in other
majors met a criterion that could indicate a risk of developing an eating disorder. There was
no significant effect of the field of study on the EAT-26 test score on behavioral questions
(p > 0.05-NS). Based on the overall scores and interpretation of the EAT-26 questionnaire, it
was found that almost half (46%) of the respondents (both dietetics students and students
of other majors) met at least one criterion out of three that could indicate the probable
existence or susceptibility to an eating disorder. These individuals should see a specialist
for further diagnosis. There was no significant effect of the field of study on the overall
EAT-26 test score (p > 0.05-NS). When this result was corrected for BMI values for those
with the lowest scores on this indicator, the risk of eating disorders was found to be higher
among students of majors other than dietetics (X2 = 13.572; V = 0.831 p = 0.001). All the
results described are summarized in Table 4.

Table 4. Summary of eating disorder risk estimation (EAT-26) (n = 310).

EAT-26
Dietetics Students Other Students p-Value

Elevated Risk No Risk Elevated Risk No Risk

Part A 15% 85% 15% 85%

p > 0.05Part B 33% 67% 28% 72%

Entire 46% 54% 46% 54%

All adjusted
for BMI

12% 88% 31% 69% p = 0.001

4. Discussion

Nowadays, eating disorders are a common phenomenon. Over the past 50 years, there
has been an increase in the incidence of bulimia, anorexia, and compulsive eating syndrome
in particular [12]. About 8–9% of the population has been found to struggle with gluttony
or mental anorexia [13]. Craving disorders usually begin during adolescence and young
adulthood. During this period, individuals are often prone to stressful events including
taking exams, making decisions about the future, and moving to college. The result is an
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accompanying fear of adulthood. Studies have shown that the estimated prevalence of
appetite disorders among college students ranges from 8 to 20% [14,15].

It is worrisome that a significant number of students who develop symptoms of eat-
ing disorders have not been diagnosed or sought treatment. Screening for this condition
appears to be an important need to help sufferers in the early stages of the disease. Inap-
propriate dietary practices such as vomiting, fasting, restrictive diets, and laxative abuse,
among others, can influence the development of disordered eating behavior. Nutritional
counseling as part of a multidisciplinary approach plays a special role in the treatment of
appetite disorders.

It may seem that dietetics students, thanks to specialized training in healthy eating
habits, meal planning, or weight control, are less likely to have eating behavior disorders
than those studying non-food-related majors. There is another belief that dietetics students
view the start of their studies as a motivation to deal with their problems, which are
inappropriate attitudes toward nutrition, as well as a desire to lower their body weight.
These behaviors may exist before the start of the study but may also develop during
education as a result of excessive preoccupation with healthy eating [14]. Our work
confirms that 14% of nutrition students were overweight or obese. What is more, 14%
of those surveyed also happened to lose 10 kg or more in the last 6 months. In contrast,
among students of other majors, this percentage was only 5%; p < 0.05. In addition, 13% of
dietetics students declared that they had been treated for eating disorders while, among
students of other majors, this percentage was half as much at 6%; p < 0.05.

Another international study found that 77% of nutritionists from 14 countries believe
that eating disorders are a problem for dietetics students [16]. Some studies suggest
that the prevalence of eating disorders in nutrition students is higher than in students
in other majors [17,18]. A study comparing eating behaviors between nutrition students
and students in other majors in Portugal found that those in the first group showed
greater dietary restrictions with subsequent bouts of overeating than students in other
majors [17]. Another study conducted in South Africa also observed a higher risk of eating
disorders among dietetics students 33.3% compared to other non-nutrition students 16.9%;
p = 0.059 [19].

One important parameter in diagnosing bulimia or anorexia is an overestimation of
body size. Sufferers perceive themselves as obese, despite being of the right weight or
even underweight. Characteristically, there is a contradiction between BMI, actual images,
and subjective assessment of the sufferer’s outward appearance [20]. Even though 85% of
dieters were of normal weight or even underweight, as many as 32% of them “always”,
“usually”, or “often” took steps to reduce their weight. In contrast, among students in other
majors, 81% were normal weight, underweight, or skinny, and 32% of them chose to take
action to lower their weight. The study by Buviora et al. found that most of the students
analyzed were of normal weight; meanwhile, only half of the students recognized this
fact. The disturbed body image mainly concerned girls, as 17% perceived themselves as
overweight, while it was found in half of these respondents [20].

Another factor that predisposes to eating disorders is devoting too much time and
thought to food. It is observed that nowadays high-calorie products are being advertised,
and there is a trend for eating a variety of foods without limits. In turn, it is also fashionable
to have an athletic figure, which is associated with achieving success [9]. These two
contradictory trends may influence the public to use various types of diets to lose weight
in a short period. In addition, physical activity is observed to burn off excessive calories
eaten and thus maintain a slim figure. All these factors can lead to an emerging obsession
with food [21]. Especially according to some studies among nutrition students, who
experience pressure from society to eat properly and have a slim figure. This can contribute
to excessive control over the food they eat [22]. Of the dieters surveyed, 28% marked the
answer “always”, “usually”, or “often” when asked about spending too much time and
thoughts about food, while the other group had a lower percentage. at 21%; p = 0.004. In
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contrast, in a study by Taha et al. a similar percentage (33.5%) of students admitted that
thoughts about food absorb them a lot [23].

One of the hallmarks of eating disorders is a paralyzing fear of gaining weight. Among
the dietetics students surveyed, almost half—43%—are “always”, “usually”, or “often”
terrified at the thought of being obese, and among students in other majors this percentage
is slightly lower at 39% (p > 0.05-NS). On the other hand, among nutrition students,
despite being of normal weight or even underweight, 28% are consumed with the desire
to be thinner, and among students in other majors, the percentage is 27%; p > 0.05-NS.
Furthermore, 27% of normal-weight or underweight dietetics students “always,” “usually”,
or “often” think insistently about fat on their bodies. In contrast, the percentage in the
second group is lower at −16%; p < 0.05. Contrasting these results with a study of Brazilian
adolescents, by far the majority of respondents declared fear of weight gain [24]. In a study
by Toral et al., 26.7% of nutrition students were observed to have significant dissatisfaction
regarding their body image [25].

For people with eating disorders, especially among anorexia patients, every meal
is a certain ritual. Slimming people know the caloric value of the foods they eat. The
marker of lifelong success becomes counting the calories of meals every day, as well as
those burned during exercise [26]. Among nutrition students, the majority of respondents
(79%) are “always,” “usually”, or “often” aware of the caloric value of the products they
eat. In contrast, among non-diet students, almost half as many—41%—know exactly how
many calories a product has; p = 0.000. Additionally, 39% of nutrition students think
about burning calories during exercise. In contrast, 37% of the other group thinks about
calories lost during physical activity; p > 0.05-NS. In contrast, in a study by other authors,
among Mexican nutrition students, almost half of the respondents who had symptoms of
an appetite disorder counted the caloric value before meals [27], while among students in
Saudi Arabia, 67% of students thought about calories burned during exercise [22]. However,
it is worth noting that caloric awareness of products may not represent a real risk of anorexia
among dieters, among others, as it may be characteristic of the nutrition students studied
due to their field of study.

According to the accepted scores from the EAT-26 test, Part A, of the dietetics students
surveyed, 15% scored 20 points or more, which may indicate concern about diet, weight, or
problematic behavior. In the second group of subjects, the result was the same —15% of
students in other majors also received a positive test result (EAT ≥ 20), which may indicate
a risk for eating disorders. This percentage was comparable to a previous study in Florida
in the United States in which 10% of nutrition students, as well as the same percentage of
students in other majors, received a score of −20 or higher on the EAT-26 test. Compared
to other countries, this percentage is lower than that of French students (20.5%) [18] and
medical students from Pakistan (22.75%) [28].

In Part B of the survey on behavioral questions, 33% of dietetics students met a
criterion that could indicate a risk of developing an appetite disorder. These were behaviors,
occurring at a certain time of the type: paroxysmal overeating, vomiting, use of diuretics,
laxatives, excessive exercise, or loss of 10 kg recently. In the second group of subjects, the
result was slightly lower at 28% (p > 0.05-NS), suggesting the need for further investigation
into eating disorders. In a study by Harris et al., there were also no significant differences
between the two groups regarding behavioral questions [29]. In contrast, in a study among
students in Palestine using the EAT-26 test, slightly more—46%—of students endorsed at
least one of the additional behavioral behaviors associated with an eating disorder [30].

In contrast, according to the BMI thresholds presented in the EAT-26 interpretation,
14% of dietetics students were underweight compared to their age and gender, while
among students in other majors this problem affected slightly more—17% of respondents.
The study by Zhiping et al. also found no differences in underweight between the two
groups. The percentages, however, were slightly smaller, as 4.1% of nutrition students were
underweight compared to age norms, while students in other majors were underweight
by 5.6% [17].
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Based on the overall accepted scores and interpretation of the EAT-26 test, as many
as almost half (46%) of dietetics students, and as it turned out, the same percentage of
students in other majors, met at least one criterion that could indicate a risk of developing
an eating disorder. As can be seen, the study did not find that dietetics students are at
higher risk of developing an eating disorder than students in other majors. Other studies
have also found similar results. Among Portuguese students aged 18–15, there was no
difference in the risk of developing eating disorders between dietetics students and other
non-food majors [19]. In a study in Washington, using the EAT-26 test, no such relationship
was observed either [31].

It is becoming a common belief that nutrition students are more predisposed to appetite
disorders than students in other majors. The implication is that future dietitians may feel
pressure from their surroundings to eat healthily and present an impeccable figure at all
times. In addition, some patients might not use the services of a dietitian with excessive
body weight, which could indicate that person’s lack of competence. In addition, nutrition
students are “fed” during classes with constant messages about proper nutrition. All of
these factors can give rise to an obsession with food, proper eating habits, and outward
appearance [32,33]. However, in our work, we did not find a correlation (according to the
accepted EAT-26 test scores) that dietetics students are more likely to have eating disorders
than non-dietetics students. This may indicate that not only in nutrition students, but also
in students of other majors, the problem of an abnormal relationship with food is becoming
common. In addition, it is worth noting that the survey among non-nutrition students
was conducted electronically, where often the social media group at a given university of
2000 people. The available survey likely attracted the attention of students who observed
some abnormal eating behavior in themselves or were interested in this topic.

Although according to the final accepted EAT-26 test scores, there was no correlation
that dietetics students were more predisposed to eating disorders, such correlations ap-
peared in individual responses. A significant influence of the type of field of study on too
frequent thoughts about body fat, despite being of the right weight or even underweight,
preoccupation with food, and devoting too much time and thought to food was noted.
These symptoms can predispose to the onset of eating disorders. Moreover, a significant
effect of the type of college on losing 10 kg in the past 6 months was noted (p = 0.006), as
well as past treatment for eating disorders (p < 0.05). A significant effect of the type of
college was also observed on the caloric awareness of meals eaten (p = 0.000), consumption
of diet foods (p = 0.000), avoidance of sugar-containing products (p = 0.142), or eating for
longer periods than others (p = 0.000). Although eating diet foods or avoiding sweets may
indicate a restrictive approach to eating and eating a meal at a longer time than others may
be associated with anorexia, these behaviors may not, however, represent a real threat of an
eating disorder. They are likely to be characteristic of the dietetics students surveyed due
to the type of study and may also be indicative of normal eating habits.

In addition, it should be emphasized that even though a significant proportion of
students (46%) were noted to meet at least one criterion in the EAT-26 test that may indicate
a risk of developing an appetite disorder, this does not necessarily mean a real risk of
bulimia or anorexia among the surveyed students. It is also worth mentioning that the
presence of a single symptom characteristic of anorexia nervosa or gluttonousness, even if
it appears sporadically in the company of other symptoms of the disease, should not be
rigidly associated with the appearance of anorexia or bulimia nervosa in a person. Despite
appearances, eating disorders are difficult to diagnose. Some symptoms in different types
of eating disorders overlap. This makes it difficult to correctly diagnose the disease. It is
important to catch certain tendencies at an early stage that may indicate a risk of developing
an eating disorder in the future. Thus, it is urged that as many screening tests as possible
be conducted in this direction among young people to detect a possible disease at an early
stage and implement appropriate treatment before it is too late.
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5. Conclusions

Almost half of the respondents in both study groups showed a predisposition to eating
disorders based on the EAT-26 test. Despite the presence of a correlation in individual
responses that dietetics students are more predisposed to eating disorders, no such rela-
tionship was found according to the final EAT-26 test scores. However, it was observed
that non-dietetics students who had low BMI values showed higher tendencies toward
behaviors indicative of eating disorders.
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Abstract: Background: Emotional eating (EE) is not a separate eating disorder, but rather a type of
behavior within a group of various eating behaviors that are influenced by habits, stress, emotions,
and individual attitudes toward eating. The relationship between eating and emotions can be
considered on two parallel levels: psychological and physiological. In the case of the psychological
response, stress generates a variety of bodily responses relating to coping with stress. Objective:
Therefore, the main objective of this study was to evaluate and compare the prevalence of emotional
eating in groups of students in health-related and non-health-related fields in terms of their differential
health behaviors—diet and physical activity levels. Material and Methods: The cross-sectional survey
study included 300 individuals representing two groups of students distinguished by their fields of
study—one group was in health-related fields (HRF) and the other was in non-health-related fields
(NRF). The study used standardized questionnaires: the PSS-10 and TFEQ-13. Results: The gender of
the subjects was as follows: women, 60.0% (174 subjects) (HRF: 47.1%, n= 82; NRF: 52.9%, n = 92);
men, 40.0% (116 subjects) (HRF: 53.4%, n = 62; NRF: 46.6%, n = 54). The age of the subjects was 26 years
(±2 years). Based on the results of the TFEQ-13, among 120 subjects (41.4%) there were behaviors
consistent with limiting food intake (HRF: 72.4%; NRF: 11.0%), while 64 subjects (20.7%) were
characterized by a lack of control over food intake (HRF: 13.8%, 20 subjects; NRF: 27.4%, 20 subjects).
Emotional eating was characteristic of 106 students (37.9%), with the NRF group dominating (61.6%,
n = 90). It was observed that a high PSS-10 score is mainly characteristic of individuals who exhibit
EE. Conclusions: The results obtained in the study indicate that lifestyle can have a real impact
on the development of emotional eating problems. Individuals who are characterized by elevated
BMI values, unhealthy diets, low rates of physical activity, who underestimate meal size in terms of
weight and calories, and have high-stress feelings are more likely to develop emotional eating. These
results also indicate that further research in this area should be undertaken to indicate whether the
relationships shown can be generalized.
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1. Introduction

Emotional eating (EE) is not a separate eating disorder, but rather a type of behavior
within a group of various eating behaviors that are influenced by habits, stress, emotions,
and individual attitudes toward eating [1]. The relationship between eating and emotions
can be considered on two parallel levels: psychological and physiological. In the case of
the psychological response, stress generates a variety of bodily responses relating to coping
with stress; a person under stress seeks to minimize feelings of tension accompanying given
situations [2]. In physiological terms, stress, due to activation of the nervous system, causes
an increase or decrease in appetite which is the basis for changes in eating behavior [1].

In a stressful situation, a person implements a series of specific activities known as
stress coping. These mechanisms are aimed at changing the situation in which the indi-
vidual finds himself and improving the persistent emotional state [3,4]. These actions are
focused on a task-oriented approach to the problem causing stress, its solution, emotional
self-regulation regarding tension, and alleviation of negative emotional states [2].

In stressful situations, eating seems to be one of the most common, simplest, and
least conscious actions, and it is independent of the body weight or eating behavior of
those responding in this way. In a stressful situation, eating becomes a factor in relieving
emotional tension. It is used for this purpose for several reasons [3–5]. (1) Food is readily
available nowadays, associated with a large number of grocery stores, restaurants, bars,
cafes, pastry stores, and outlets where fast-food dishes and sweet and salty snacks (which
persons reach for most often in a stressful situation) can be easily obtained. (2) Eating
does not require the participation of other persons. The preparation of a full meal as
well as a quick snack (candy, chips, crackers) does not have to depend on the presence
or skill of other persons, nor on the skill of the person reducing emotional tension with
food. (3) Eating is socially acceptable, which means that eating under stress does not elicit
negative judgments or comments from others, unlike alcohol, cigarettes or psychoactive
substances, the use of which can also stem from a desire to reduce stress. (4) Food has a
strong positive connotation, mainly through associations dating back to early childhood;
food is associated with the presence of the mother, a sense of security, emotional closeness,
and joy.

Emotional eating (EE), unlike specific eating disorders, is not associated with a com-
plete loss of control over the quantity and quality of food consumed. Affected individuals
can stop eating at any time while experiencing the relief associated with relieving emotional
tension and stress [6]. Unfortunately, because EE is not explicitly recognized as an eating
disorder, but rather an eating phenomenon, there are no homogeneous diagnostic criteria,
and presumptions about the prevalence of EE are based on psychometric tools popularly
used in research [4]. Epidemiological data on stress eating syndrome is unknown, due to
the possibly high profile of the problem, but it is known that stress eating is more common
in persons with obesity [5]. It is also possible that sociodemographic and psychosocial
factors such as gender, age, education, occupation, income level, stress resistance, and
emotion regulation strategies have a real impact on the incidence of this condition [3]. The
main exposure group, in this case, seems to be young persons who are affected by the
modern rush of life and maybe more strongly exposed to stressors due to their work and
education [4]. One way to counteract obesity is to expend energy through regular physical
activity. In addition to the benefits of weight reduction, those who are physically active
may see a reduction in low back and joint pain, improved fitness and performance, as
well as improved well-being and increased self-esteem [7]. It is worth noting that physical
activity plays an important role in obesity prevention not only among the elderly [8], but
above all has a huge impact on shaping individuals already in childhood and adolescence,
thus contributing to a reduced risk of obesity in adulthood [9]. Unfortunately, adults,
due to their desire for rapid improvements in their health, often engage in risky behavior
in terms of physical activity, led by the use and abuse of sports supplements [10] or the
practice of unhealthy or even life-threatening diets [11]. Therefore, activities aimed at

50



Nutrients 2022, 14, 3289

promoting physical activity among the public in a sustainable manner, for example by local
governments [12] or healthcare professionals [13], are extremely important.

The main objective of this study was to evaluate and compare the prevalence of
emotional eating in groups students in health related and non-health related fields in terms
of their differential health behaviors—diet and physical activity levels.

The following research hypotheses were posed in preparation for the study:

1. Emotional eating is more common among persons who have a non-rational diet.
2. Emotional eating is more common among individuals who represent a low level of

physical activity.
3. Emotional eating is more common among persons who underestimate the size and

calorie portions of foods.
4. Emotional eating is more common among persons who exhibit high levels of daily

life stress.

2. Materials and Methods

2.1. Study Background

The study is a continuation of the research presented in the paper: Grajek, M.; Krupa-
Kotara, K.; Sas-Nowosielski, K.; Misterska, E.; Kobza, J. Prevalence of Orthorexia in Groups
of Students with Varied Diets and Physical Activity (Silesia, Poland). Nutrients 2022, 14,
2816. https://doi.org/10.3390/nu1414281. Hence, the methodological description of the
study, the characteristics of the group, and the description of the main indicators (diet, level
of physical activity, ability to estimate portion size, and calorie content of a meal) are the
same for both studies.

2.2. Sample Group

The study included 300 individuals representing equally sized groups of students
from two fields of study, health-related fields (HRF) and non-health-related fields (NRF).
The sample size was estimated based on the minimum sample size formula, and the data
substituted from the formula took into account the total number of students of a given year
at a given university. This ensured that a representative group of survey participants was
achieved. The survey questionnaire was directed to all students of a particular year and
field of study. The return rate of the questionnaire was estimated at 82.5%.

All subjects were students in the final year of their master’s degree (second year of
their sophomore year):

• HRF group (144 subjects): dietetics (Medical University of Silesia in Katowice) was
studied by 48.6% of the subjects (n = 80), and physical education (Academy of Physical
Education in Katowice) by 51.4% of the subjects (n = 74).

• NRF group (146 subjects): management (University of Economics in Katowice) was
studied by 47.3% of the subjects (n = 69), and computer science (Silesian University of
Technology) by 52.7% (n = 77).

Based on an abbreviated medical history, it was noted that 5.2% (15 subjects) were
diagnosed with chronic diseases; these were seasonal allergies—diseases that do not signif-
icantly affect their lifestyles. The main addiction in the surveyed groups was smoking, to
which 3.8% of students (11 persons) admitted. No persons compulsively consumed alcohol
or took other psychoactive drugs.

2.3. Eligibility Criteria

The HRF group consisted of 150 final-year students with majors in dietetics and
physical education. The rationale for selecting this group was the fact that they have
in-depth and professional knowledge in the field of rational nutrition and physical activity.
The NRF group consisted of 150 students in their final year of second-degree studies with
majors in management and computer science. The rationale for selecting this group was
the fact that they did not have in-depth and professional knowledge in the field of rational
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nutrition and physical activity, at least at the university level. The assumption for the
selection of these majors was that the gender groups were more or less equal. Such majors
as dietetics and management are more often chosen by females, and physical education or
computer science by males.

Individuals in the NRF group showing concurrent education (or past education) in a
health-related field were excluded from the study. Individuals who had applied knowledge
and skills in rational nutrition and physical activity in their professional work were treated
similarly. The physiological state of the respondent was also taken into account. Persons
suffering from diseases that influence the diet and/or physical activity of the respondent
(e.g., allergies, food intolerances, metabolic diseases, tumors, etc.) were excluded from
the research. The same was applied to subjects who represented a specific dietary model
(elimination diet or pregnancy and puerperium).

The study was limited to students in their final year of study because, in the authors’
opinion, they are highly likely to have a broad knowledge of health sciences and physical
culture sciences (in the case of health students). In the case of the second group, it was also
decided to include students in their final year of study so as not to disrupt the inclusion
criteria and to deal with a relatively homogeneous group of students.

The study was approved by the Bioethics Committee of the Medical University of
Silesia in Katowice, in light of the Act on Medical and Dental Professions of 5 December
1996, which includes a definition of medical experimentation. The study participants
consciously agreed to participate in the study.

2.4. Research Tools

Body mass index was calculated using the formula: BMI (kg/m2) = body weight
(kg)/height (m)2. The results were then interpreted using a scale [14]: ≥30.00 kg/m2,
obesity; 25.00–29.99 kg/m2, overweight; 18.50–24.99 kg/m2, normal body weight; 17.00–
18.49 kg/m2, underweight; and ≤16.99 kg/m2, malnutrition.

In the assessment of dietary intake, the author’s tool based on nutrition standards for
the Polish population [15] was used, which included 20 dietary indices (e.g., frequency of
consumption of individual product groups, number of meals during the day, regularity of
meals during the day, snacking, fluids consumed). Respondents chose ‘yes’ or ‘no’ next to
a given question about nutrition. One point was awarded for each correct answer (by the
applied standards), so the highest possible total score was 20. To prioritize the results, the
following scale was adopted: 18–20 points, very good nutrition; 14–17 points, good; 10–13
points, moderate; ≤9 points, poor nutrition. The questionnaire has been used previously by
the authors as part of another study [16]. The tool was validated by initially sharing it with
a group of 10 topic specialists. These individuals had the opportunity to add suggestions
and revisions to the questions. The questions were revised according to the most common
suggestions made by the specialists. The questionnaire was then made available twice to a
group of 30 adults (two weeks apart). Based on the measurements, π Scott’s coefficient was
calculated. For questions 1–3, 5–10, 12–15, and 18–20 a relevance of 0.93 (very good) was
obtained. For questions 4, 11, 16, and 17 a relevance of 0.72 (good) was obtained.

Based on the physical activity score in the questionnaire, respondents were assigned a
physical activity index (PAL) based on current recommendations for physical activity [14]:
1.2, no physical activity; 1.4, low physical activity (approximately 140 min per week); 1.6,
medium physical activity (approximately 280 min per week); 1.8, high physical activity
(approximately 420 min per week); and 2.0, very high physical activity (approximately
560 min per week).

The PSS-10 is used to assess the intensity of stress related to one’s living situation over
the past month. The scale is designed mainly for research purposes and can be used in
practice, screening, prevention, and assessing the effectiveness of therapeutic interventions.
Scores from 0 to 13 are considered low, while scores of 20 and above are considered high.
Internal consistency was checked in a study of a 120-person group of adults, yielding a
Cronbach’s alpha index of 0.86. The correlation of all questions with the overall scale score
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is satisfactory. Reliability determined by testing a group of 30 students twice at an interval
of two days was 0.90, and at an interval of four weeks was 0.72 [17].

With the TFEQ-13, it is possible to assess three behaviors using 13 questions comprising
three subscales: five questions relate to eating restriction (questions 1, 9, 10, 12, and 13), five
questions relate to lack of control over eating (questions 2, 5–7, and 11), and three questions
are directly related to eating under the influence of emotions (EE) (questions 2, 4, and
8). The questionnaire contains standardized answers on a four-point scale ranging from
zero to three. The respondent marks the most defining statement next to each sentence:
‘definitely yes’, ‘rather yes’, ‘rather no’, and ‘definitely no’. Values are calculated separately
for each subscale. The higher the score obtained, the higher the strength of the behavior.
Internal consistency alpha Cronbach’s coefficient for the entire scale was 0.78, and for
the subscales it was 0.78 for eating restriction, 0.76 for lack of control over eating, and
0.72 for eating under the influence of emotions. All subscales correlated with each other
significantly positively (p < 0.001) [18], of which only the score indicating EE was used in
the present study.

2.5. Study Procedure

The study consisted of a survey questionnaire and an album of sample foods and
dishes. The study was conducted according to scientific ethics, anonymity rules, and
the RODO clause (Polish Law on Respect for Classified Information). The survey was
conducted using an online form, which is an acceptable method in psychological research.
The link to the questionnaire was distributed to participants using email boxes dedicated by
the university. During data collection, methods were used to prevent fake/bot responder
phenomenon by checking login times and questionnaire completion times. In addition,
the questionnaire was secured with a CAPCHTA key. The questionnaire of the survey
consisted of a metric (data of the subject: gender, age, a field of study and occupation, and
anthropometric data—declared height and body weight); the author’s questionnaire of
dietary habits based on the guidelines and standards of the National Institute of Public
Health and the National Center for Nutrition Education [15]; questions about physical
activity practiced and its level based on WHO guidelines [14]; the Perceived Stress Scale—
PSS-10 (polish adaptation) [19]; and the Three-Factor Food Questionnaire (TFEQ-13). The
survey questionnaire was available online May–June 2021.

In the second stage of the study, respondents were presented with a scrapbook con-
taining sample foods and dishes. An album of sample foods and dishes was used to verify
the ability to estimate the size and calorie content of portions, consisting of 12 photographs
consistent with the division of foods into 12 groups (one photograph per group) [18].
The study using the album was conducted with the sensory panel of the Department of
Dietetics, Faculty of Health Sciences in Bytom, Silesian Medical University in Katowice,
Poland, July–August 2021. Before each study, visual perception (perception of images) was
tested using a scrapbook. For this purpose, selected Ishihara boards and optical illusion
boards were used. Both tools are commonly used to assess so-called visual daltonism
and the perception of objects in pictures (e.g., size, shape, length). To link the results of
the questionnaire with the album, each participant of the study was given an individual
number while filling in the questionnaire, which was then also entered into the album.

2.6. Statistical Analysis

Tables were prepared for all extracted data from the survey questionnaire, and descrip-
tive statistics (percentages (%), counts (N; n), mean (X), standard deviations (SD)) were
calculated. Detailed statistical analyses were conducted, regarding the demonstration of
differences between the represented behaviors (pro-health or anti-health) and the occur-
rence of EE in the sample group. To analyze the above material, the chi-square (χ2) test
and the V-Cramér (V) coefficient of the strength of the relationship (with Yates and Fisher’s
correction) were used. A probability level of p = 0.05 was assumed for the study.
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3. Results

The gender of the subjects was as follows: women, 60.0%, 184 subjects (HRF: 30.6%,
n = 92; NRF: 30.6%, n = 92); men, 40.0%, 116 subjects (HRF: 20.6%, n = 62; NRF: 18.2%,
n = 54). The age of the subjects was 26 years (±2 years). More than 269 persons (89.9%)
lived in large cities (defined as more than 100,000 residents), 23 persons (7.5%) lived in
smaller cities (defined as less than 100,000 residents), and 8 persons (2.6%) lived in rural
areas. Only 13.1% of respondents (38 persons) had permanent employment, i.e., in the
telecommunications, service, and administrative/office sectors. Of the surveyed group,
75.6% had an income of an average level, 12.2% had an above-average income, and 12.2%
had a below-average income (the minimum wage in Poland in 2021 was PLN 3010—about
€630). Statistically, the groups did not differ in the above variables (Table 1).

Table 1. Comparison of the studied groups (N = 300; HRF = 150; NRF = 150).

Group HRF NRF Total χ2 p-Value

Gender
Female 92 (30.6%) 92 (30.6%) 184 (61.2%) 21.391

p > 0.05

Male 62 (20.6%) 54 (18.2%) 116 (38.8%) 29.122

Age 26 ± 2 * 26 ± 2 * 26 ± 2 * 18.974

Residence

Large city 139 (46.3%) 130 (43.6%) 269 (89.9%) 32.004

Small city 12 (4.0% 11 (3.5%) 23 (7.5%) 35.680

Rural area 3 (1.0%) 5 (1.6%) 8 (2.6%) 31.404

Income
PLN 3000 ± 500 *

(€600 ± 120) *
PLN 3000 ± 450 *

(€600 ± 100) *
PLN 3000 ± 475 *

(€600 ± 110) * 28.901

HRF, health-related field; NRF, non-health-related field; χ2, chi-square test; * mean ± standard deviation.

Regarding BMI, more than 15.2% of the subjects were characterized as underweight
(44 subjects in the HRF group). Normal weight was a characteristic of 178 subjects (61.3%).
Overweight and obesity were present only in the NRF group, with a total of 68 subjects
(23.4%). Based on the results of the dietary assessment, it was found that the best dietary
model was characterized by the HRF group; in this group, 97.2% of students were char-
acterized by a very good and good dietary mode (84.0%, 121 persons; 13.4%, 19 persons,
respectively). The NRF group, on the other hand, was dominated by sufficient dietary
mode, at 64.4% of all cases in this group (94 persons). Less popular was the dietary model
marked as “good”, with only 24.6% of this group (36 persons). It should be emphasized
that an incorrect dietary pattern was represented only by persons from the HRF group
(3.9% of the total number of subjects, 11 persons).

Low physical activity in the PAL index was characteristic for 46.2% of respondents
(122 persons), and most often chosen by persons from the NRF group (79.5%, 97 persons).
Medium physical activity was observed in 25.7% of the respondents (68 persons); this
activity concerned both the HRF group (33.8%, 48 persons) and the NRF group (16.4%,
20 persons). Physical activity at a high and very high level concerned 28.1% of the students
(75 persons). These were mainly persons from the HRF group (48.4%, 70 persons). However,
two individuals from the HRF and 24 individuals from the NRF group did not engage in
any physical exercise daily (1.4% vs. 16.4%).

Taking into account the test of estimating the size and caloric content of portions, it
was found that 32.4% (94 persons) overestimated the size of the portions of products and
dishes indicated in the photographs. In this group, there were mostly persons studying in
health faculties (57.6%, 83 persons); less often, there were persons from other faculties (7.5%,
11 persons). In the case of underestimation (33.8%, n = 98), the situation was reversed—
persons from the NRF group mainly underestimated the size of products and dishes
(56.2%, n = 82); in the HRF group, much fewer persons underestimated (11.1%, n = 16). The
remaining persons correctly indicated the size of the portion (33.8%, 98 persons). Analyzing
the results of the test on the ability to estimate the calorie content of portions based on
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photographs, it was observed that 35.8% (104 persons) overestimated the calorie content
of the products and dishes indicated in the photographs. This group included mainly
health-related persons (58.3%, 84 persons), and less frequently, non-health-related persons
(13.0%, 19 persons). On the other hand, in the case of underestimation of the energy of
dishes (35.2%, n = 102), persons from the NRF group mostly underestimated the caloric
value of products and dishes presented in the album (55.5%, n = 81); in the HRF group,
such cases were much less (15.3%, n = 22). The remaining persons correctly indicated the
calorie content of the portion (29.0%, n = 84).

The respondents’ level of perceived stress was measured twice—before and after
the survey—and since no statistically significant relationship was shown between the
measurements, it was decided to average these results (p > 0.05). Analysis of the PSS-10
questionnaire showed that 86.7% (130 persons) of the HRF group and 46.7% (70 persons) of
the NRF group had low levels of stress. Correspondingly, 23.3% (20 persons) in the HRF
and 53.3% (80 persons) in the NRF show elevated levels of stress. One question of the scale
concerned the frequency of stressful situations that exceed the body’s resilience and result
in feelings of discomfort, aggression, and jitteriness. Both the HRF and NRF groups had an
average score measuring between two and three points—2.41 for the HRF and 2.56 for the
NRF, which indicates that in the frequency of stressful situations in life the group can be
considered homogeneous.

Based on the results of the TFEQ-13, among 120 subjects (41.4%) there were behaviors
consistent with limiting food intake (HRF, 72.4%; NRF, 11.0%), while 64 subjects (20.7%)
were characterized by a lack of control over food intake (HRF: 13.8%, 20 subjects; NRF:
27.4%, 20 subjects). Emotional eating was characteristic of 106 students (37.9%), with the
NRF group dominating (61.6%, n = 90). It was observed that a high PSS-10 score is mainly
characteristic of individuals who exhibit EE (χ2 = 10.279; V = 0.731; p = 0.001): PSS-10
average score in HRF group was 29 ± 2 and NRF group it was 34 ± 2 (χ2 = 11.893; V = 0.657;
p = 0.001). Slightly higher high-stress scores were observed in representatives of the NRF
group. These results were compared with those of PSS-10, and details of the analysis are
shown in Table 2.

Table 2. Comparison of PSS-10 and TFEQ-13 scores in the study group (N = 300; HRF = 150;
NRF = 150).

Group

HRF NRF

Total χ2 V p-Value
All

Only EE Cases
(by TFEQ-13)

All
Only EE Cases
(by TFEQ-13)

PSS-10

Low
perceived

stress 200
(66.67%)

130
(86.70%) 8 (8.48%) 70 (46.70%) 19 (20.14%) 200 (66.67%) 12.113 0.611 0.003 *

Average
score

7 ± 1 9 ± 2 11 ± 1 12 ± 1 10.8 ± 0.9 11.244 0.522 0.002 *

High
perceived

stress 100
(33.33%)

20 (23.30%) 8 (8.48%) 80 (53.30%) 71 (75.26%) 100 (33.33%) 10.279 0.731 0.001 *

Average
score

27 ± 1 29 ± 2 32 ± 2 34 ± 2 30.8 ± 1.0 11.893 0.657 0.001 *

HRF, health-related field; NRF, non-health-related field; χ2, chi-square test; V, V-Cramer; PSS-10, perceived stress
scale; EE, emotional eating; TFEQ-13, Three-Factor Eating Questionnaire; * p-value statistical significance.

Another analysis concerns the group in which EE behavior was demonstrated (n = 106).
High BMI values were present in the NRF group, indicating a statistically significant
relationship between the indicated characteristics (χ2 = 13.238; V = 0.723; p = 0.0001).
Similarly, the same was true for diet. Individuals representing a good (27.6%) and very
good (16.2%) diet are less likely to belong to the group of those with an increased risk
of emotional eating. In this case, there was also a statistically significant correlation
associated with NRF group membership (χ2 = 10.984; V = 0.683; p = 0.0001). Next, it
was decided to verify the relationship between the occurrence of emotive eating and the
level of physical activity represented. Based on the statistical inference performed, it
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was found that low PAL values were present in NRF subjects, indicating the presence
of a statistically significant relationship between the indicated characteristics (χ2 = 8.117;
V = 0.597; p = 0.002). On the statistical analyses conducted, it should be concluded that both
in the case of estimating portion size and caloricity of meals there is a statistical relationship:
NRF subjects characterized by emotional eating are more likely to underestimate the size
and caloricity of the meal (χ2 = 12.467; V = 0.601; p = 0.0001/χ2 = 11.551; V = 0.582;
p = 0.0001). The last verification concerned the relationship between the occurrence of
emotional eating in the study group and the level of perceived stress. Higher levels of stress
have been shown to occur in NRF individuals (χ2 = 9.963; V = 0.699; p = 0.015)—Table 3.

Table 3. Scores of subscales on emotional eating by selected indicators (N = 106; HRF = 16; NRF = 90).

Group HRF NRF Total χ2 V p-Value

BMI

Malnutrition 0 0 0

13.238 0.723 0.0001 *

Underweight 0 0 0

Normoweight 10 (10.60%) 22 (23.32%) 38 (40.28%)

Overweight 6 (6.36%) 55 (58.30%) 61 (64.66%)

Obesity 0 7 (7.42%) 7 (7.42%)

Diet quality

Poor 0 3 (3.18%) 3 (3.18%)

10.984 0.683 0.0001 *
Moderate 2 (2.12%) 72 (76.32%) 74 (78.44%)

Good 14 (14.84%) 15 (15.90%) 29 (30.74%)

Very Good 0 0 0

PAL

PAL 1.4 4 (4.24%) 34 (36.04%) 3 (3.18%)

8.117 0.597 0.002 *
PAL 1.6 12 (12.72%) 31 (32.86%) 43 (45.58%)

PAL 1.8 0 25 (26.50%) 25 (26.50%)

PAL 2.0 0 0 0

Portion size

Underestimation 0 56 (59.36%) 56 (59.36%)

12.467 0.601 0.0001 *Estimate 16 (16.96%) 34 (36.04%) 50 (53.00%)

Revaluation 0 0 0

Caloric size

Underestimation 6 (6.36%) 45 (47.70%) 51 (54.06%)

11.551

0.582

0.0001 *Estimate 10 (10.60%) 34 (36.04%) 44 (46.64%)

Revaluation 0 11 (11.66%) 11 (11.66%)

PSS-10
Low 8 (8.48%) 19 (20.14%) 37 (39.22%)

9.963 0.699 0.015 *
High 8 (8.48%) 71 (75.26%) 79 (83.74%)

HRF, health-related field; NRF, non-health-related field; χ2, chi-square test; V, V-Cramer; BMI, Body Mass Index;
PAL, physical activity level; PSS-10, perceived stress scale; * p-value statistical significance.

4. Discussion

Under conditions of prolonged negative emotions, vulnerable people take action to
change a given situation and improve their mental state. Often these actions are not taken
consciously but are only performed intuitively. One way to intuitively cope with stress is
to reach for food, as hunger is often mistaken for feelings of stress. Stress is closely linked
to nutrition, not least because the elevated cortisol levels in this state trigger feelings of
hunger [20]. In addition, stress increases the demand for serotonin (5-hydroxytryptamine),
which in turn results in an increased demand for carbohydrates, which affect the release of
endorphins and increase serotonin synthesis [21].

According to Kosicka-Gębska et al., 22% of the Polish population reaches for sweets
in situations that cause stress [22]. The reason that sweets are the most common choice
of food during stress is related to several factors. One of them is the increased need
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for carbohydrates [21,23,24]. Stress accelerates the breakdown of serotonin, so it is more
common to feel the urge to introduce sugars into the body to make up for serotonin
deficiencies. However, the soothing effect of serotonin is temporary, lasting about three
hours, and once its levels are reduced again, the desire for sweet foods is restored [25].
Carbohydrates activate insulin, which in turn stimulates the brain to produce tryptophan, a
precursor to serotonin. When the body’s serotonin levels drop, people may feel depressed
or stressed. Therefore, they reach for sugary foods, which will again cause serotonin to be
secreted and reduce feelings of stress [26]. The effect of serotonin is that people feel calmer
and sleepier; people stop thinking about stress after a meal rich in carbohydrates and scant
protein [27].

The author of the term ‘emotional eating’, Hilda Bruch [28,29], as well as many modern
researchers [30–32], assume that excessive food intake under the influence of emotions is
the result of a failure to adequately distinguish between physiological hunger signals and
emotional hunger. This results in excessive food intake (to reduce negative emotions) and
weight gain [33,34]. Another explanation is the vicious cycle mechanism of food-mediated
emotion regulation, according to which negative emotions are the source of physiological
stimulation misidentified as feelings of hunger. This stimulus contributes to the immediate
consumption of food, which consequently leads to a temporary reduction in negative
emotions. Subsequently, the level of negative emotions increases again, which is associated
with further food intake and progressive weight gain [35,36].

Van Strien et al. studied the relationship between emotions (joy and sadness) and
eating, with highly emotional participants eating significantly more in a sad mood than
in a joyful mood [37]. Macht et al. found that before the exam, participants in the stress
group reported higher ratings of negative emotions (tension, fear, or emotional distress)
and lower ratings of positive emotions (happiness, relaxation, or positive mood), with a
corresponding higher tendency to eat to distract from the stress. These findings underscore
the importance of capturing positive and negative emotions when examining associations
with eating behavior [38]. Not only can positive emotions be associated with eating, but also
how the absence of pleasant emotions when experiencing unpleasant emotions can have an
impact [37]. The finding that positive emotions can influence eating makes intuitive sense
when considering the use of food as part of social rituals (such as birthdays, weddings,
and religious events) [39]. The implication is that while individuals do not necessarily use
food to regulate positive emotions, positive emotions can trigger increased consumption
through associative learning. Alternatively, a positive emotional state can divert attention
from the source of positive emotions, interfering with the conscious reduction of food
intake [40].

Stress is the most commonly studied emotion in assessing eating behavior. Both
chronic stress and temporary stress have been associated with higher food intake, with
people eating more during periods of stress [41–44]. However, depression and sadness
have also been reported as antecedents of eating behavior [45]. Boredom and emotional
eating showed strong positive correlations [46], and people who were ashamed ate more in
a taste test experiment, with no effect on guilt [47]. Aggression and anger were positively
correlated with emotional eating [48].

Emotions were also found to influence the type of food eaten. Feelings of stress influ-
enced food choices toward more palatable and less healthy meals [49,50], while motivation
to eat to regulate negativity was associated with an unhealthy eating pattern [51]. These
findings suggest that negative emotions can trigger unhealthy eating behaviors, and poor
food choices, and food is used to regulate stressful or negative emotions in healthy and
overweight individuals. If we consider the demands of daily life, using unhealthy foods to
regulate negative emotional states can contribute to a steady increase in weight over time.

Individual differences also appear to be highly significant. For example, people
with higher dietary restriction scores feel a greater desire to eat when asked to accept or
suppress their emotions [52]. Sleep quality also requires attention. The combination of
sleep deprivation and a propensity for emotional eating has been associated with increased
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food consumption [53]. Short sleep is thought to increase hunger and appetite through the
effects it has on leptin and ghrelin, and sleep deprivation itself may act as an additional
stressor [54,55]. Thus, poor sleep can potentially undermine or cancel out the effects of
any intervention. Conversely, it is possible that adopting a good sleep pattern is part of an
intervention that may enhance the effect of other interventions [56].

The study by Bennett et al. determined the relationship between emotional eat-
ing behaviors and the tendency to eat palatable foods among college students aged
19.6 ± 1.0 years. The mean BMI of the subjects was 24.1 ± 1.2 kg/m2. There was a positive
correlation between BMI and negative emotions and negative situations (p < 0.01). A
one-unit increase in BMI resulted in a 0.293-unit increase in negative situation scores and a
0.626-unit increase in negative emotions scores [57].

Greene et al. found that college students who scored high on emotional eating had
higher BMIs than students who scored lower on emotional eating. Therefore, understanding
the importance of emotional eating may be particularly important in preventing weight
gain during college, which can lead to obesity in adulthood [58]. Students frequently cited
happiness and stress as the two most frequently experienced emotions. The main source
of stress cited by students was school [59]. In particular, studying for exams, completing
school assignments, and time management were cited as sources of stress.

Stress affected the eating behavior of men and women, but in opposite ways. Women
increased consumption when they were stressed about school—as many as 62% of the
women surveyed gave this answer. Under normal conditions, 80% reported making healthy
food choices, but in a stressful situation, only 33% ate healthily [60]. A study conducted
on a group of Australian students by Papier et al. found that more than half (52.9%) of
the students suffered from stress, with relatively more women (57.4%) than men (47.4%).
Female students who experienced mild to moderate stress were 2.22 times less likely to
eat processed foods (p < 0.01) than non-stressed female students. Men who experienced
mild to moderate levels of stress tended to eat more highly processed foods (p < 0.05) and
drink more alcohol (p < 0.05) than non-stressed male students [61]. This may suggest a
decrease in healthy food intake and an increase in unhealthy food intake during periods of
emotional stress-eating.

A study by Lazarevich et al. examined the relationship between depressive symptoms,
emotional eating, and BMI in Mexican college students. They found that depressive
symptoms were associated with emotional eating in both men (p < 0.001) and women
(p < 0.001), while emotional eating was associated with BMI and men (p < 0.001) and
women (p < 0.001). The indirect effect of depression through emotional eating on BMI
accounted for a significant portion of the total effect in both men (23.1%) and women
(25%) [62].

Students are a high-risk group for the development of emotional eating disorders
due to their exposure to numerous factors, i.e., stressful situations, peer pressure, and
lack of time for physical activity. Fields of study related to ‘health’ in the broadest sense
shape behavioral patterns that influence the maintenance of mental as well as physical
health. Therefore, the results obtained in our study indicate better indicators in the aspect
of emotional nutrition in this group.

5. Strengths and Limitations

The research on the prevalence of emotional eating among students of different majors
allowed us to understand the basic mechanisms, cause–effect relationships, and determi-
nants of the occurrence of the indicated disorders. Conducting the research required much
work and preparation in the form of developing research tools and becoming familiar with
existing psychometric tools measuring the risk of emotional eating. Of course, the paper
does not suggest that it is the field of study that influences the development of the disorder,
but rather that individuals who choose it are characterized by certain traits that predispose
them to it. This should be understood in the way that, thanks to the results of the study,
it is possible to detect groups of persons who should be included in the observation in
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terms of the control and safety of their lifestyle. An important limitation of the study is
that causation cannot be described since it is a cross-sectional study. The main difficulties
during the conduct of the study were access to the student group because the study was
conducted in the period of May–June 2021, and it should be emphasized that this was the
period immediately adjacent to the lifting of the COVID-19 pandemic restrictions.

An important part of the next research should be to answer the questions: how should
study participants deal with stress, and what coping mechanisms should they use to avoid
dealing with stress and negative emotions?

6. Conclusions

The results obtained in the study indicate that there is a relationship between the
respondents’ lifestyles and the occurrence of emotional eating. Individuals who have
elevated BMI values, unhealthy diets, low physical activity rates, and underestimate the
size of their meals in terms of weight and calories, as well as experiencing high levels of
stress, are more likely to develop emotional eating. These results also indicate that further
research in this area should be undertaken to indicate whether the relationships shown can
be generalized.
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18. Ciborowska, H.; Rudnicka, A. Dietetyka Żywienie Zdrowego i Chorego Człowieka; PZWL: Warsaw, Poland, 2019.
19. Dzielska, A.; Mazur, J.; Małkowska-Szkutnik, A.; Kołoło, H. Adaptacja polskiej wersji kwestionariusza Three-Factor Eating
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62, 377–388.
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Abstract: Although the prevalence of pediatric obesity is rising, understanding of the perceptions,
attitudes, behaviors, and barriers to effective obesity care among Spanish adolescents living with
obesity (ALwO), their caregivers, and healthcare professionals (HCPs) is lacking. In 2021, the cross-
sectional ACTION Teens survey study was conducted in 10 countries; results from the Spanish cohort
are presented herein. The survey was completed by 648 ALwO, 644 caregivers, and 251 HCPs in
Spain. A total of 25% of ALwO and 43% of caregivers thought that their/their child’s weight was
normal, and more caregivers than ALwO perceived the ALwO’s health to be at least good (95% vs.
59%, respectively). Only 53% of ALwO and 9% of caregivers reported receiving an obesity diagnosis,
despite HCPs reporting they provide diagnoses to 87% of ALwO/caregivers. Although 65% of HCPs
felt that ALwO may not be comfortable discussing weight, only 26% of ALwO who had discussed
weight with an HCP (n = 488) reported not feeling comfortable. Inability to control hunger was
a key barrier to ALwO losing weight identified by ALwO/caregivers, but not HCPs. Improved
communication between the three groups, a better understanding of barriers to weight loss, and
improved health education on obesity are needed in order to enhance obesity care in Spain.

Keywords: adolescents living with obesity; barriers; clinical care; obesity management;
physician attitudes

1. Introduction

Pediatric obesity is a major health concern globally [1]. The prevalence of childhood
and adolescent obesity has grown steadily in Spain in recent years. A meta-analysis of
studies evaluating the prevalence of overweight/obesity among Spanish children demon-
strated an increase among those aged 7–13 years, from 32.3% in 1999–2010 to 35.3% during
2011–2021 [2]. Preliminary results from Physical Activity, Sedentarism, and Obesity of
Spanish youth (PASOS) 2022, a study on 2892 Spanish children aged 8–16 years, revealed
the prevalence of overweight/obesity to be 33.4%, obesity 11.8%, and, notably, abdominal
obesity 20.4%; this represented a 1.3% increase in obesity from 2000 to 2022 [3].
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Childhood and adolescent obesity are associated with multi-organ system morbidity,
which includes metabolic and musculoskeletal disturbances, cardiovascular comorbidi-
ties, and pulmonary complications, in addition to greater risk of premature death [4].
Accordingly, childhood/adolescent obesity is associated with a greater prevalence of car-
diometabolic risk factors and with changes in the heart, including enlarged heart chambers,
increased left ventricular mass, and decreased left ventricle ejection fraction [5,6]. In addi-
tion to physical comorbidities, children with excess weight are more prone to psychosocial
distress than children of a healthy weight; this may be further impacted by bullying/teasing
and the stigma of childhood obesity [7]. Childhood obesity increases the risk of obesity in
adolescence, which then leads to a greater risk of obesity in adulthood [5]. Approximately
80% of those with obesity during adolescence will have obesity when they become adults,
which decreases to around 70% when only considering adults aged >30 years [8]. Child-
hood and adolescent obesity are associated with a greater risk of obesity-related morbidities
in adulthood, including cardiovascular disease, diabetes, and some cancers, as well as a
greater risk of cardiovascular death [5,9,10].

Intervention at younger ages is associated with greater long-term decreases in body
mass index (BMI) and larger reductions in the risk of future diseases, including cardio-
vascular conditions, type 2 diabetes, and certain cancers [4,11]. Consequently, the timely
diagnosis/treatment of obesity in children and adolescents should be prioritized. Although
there is now a better understanding of the complexities of obesity, treatment outcomes for
childhood and adolescent obesity remain suboptimal [4,12]. Despite this, studies analyzing
underlying obstacles to effective obesity management in adolescents living with obesity
(ALwO) are scarce, and there are key evidence gaps in terms of the lived experiences,
unmet needs, and challenges of ALwO, their caregivers, and their healthcare professionals
(HCPs). A survey study in 11 countries that evaluated behaviors, attitudes, and perceptions
of adults with obesity and HCPs reported a propensity for HCPs to delay the initiation
of weight management conversations until complications develop [13]. As such, there
remains a need to start conversations about weight at an early stage of patient management,
before the development of obesity-related complications.

The Awareness, Care, and Treatment In Obesity maNagement (ACTION) Teens study
was a global, cross-sectional survey study in 10 countries that aimed to identify behaviors,
attitudes, perceptions, and barriers to effective obesity care among ALwO, caregivers of
ALwO, and HCPs who treat ALwO [14]. ACTION Teens reported misalignment between
the three groups, including a lack of understanding of the effect of obesity on ALwO by
caregivers and misperception by HCPs of the motivators and barriers for their patients
to lose weight [14]. Herein, we present ACTION Teens data from Spain and discuss the
similarities and differences to the global ACTION Teens study. Identifying country-specific
behaviors, attitudes, perceptions, and obstacles to obesity care will provide input for
strategies with which to improve management of ALwO in Spain.

2. Materials and Methods

2.1. Study Design and Participants

ACTION Teens (ClinicalTrials.gov identifier: NCT05013359) was a cross-sectional,
online survey study that collated data from three groups of respondents (ALwO, caregivers,
and HCPs) in 10 countries/regions (Australia, Colombia, Italy, Mexico, Saudi Arabia, South
Korea, Spain, Taiwan, Turkey, and the United Kingdom). The full methods for ACTION
Teens have been published previously [14]. Participants from Spain were surveyed between
August and December 2021 (ALwO and caregivers) or between August and September
2021 (HCPs).

For the Spanish cohort, the recruited ALwO were 12 to <18 years old and living in
Spain. Obesity was defined as a BMI (calculated from self-reported height, weight, sex,
and age) ≥95th percentile for sex and age based on World Health Organization charts
(2007) [15]. The recruited caregivers were ≥25 years old, resided (≥50% of the time) with
an ALwO in Spain, and participated in healthcare decisions for the ALwO. The recruited
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HCPs were required to be practicing in Spain and to have been in clinical practice for
2 or more years. They were also required to spend ≥50% of their time directly caring for
patients and to see 10 or more ALwO per month.

2.2. Survey Development

Three distinct but overlapping surveys (one each for ALwO, caregivers, and HCPs)
were developed. A steering committee comprising content experts and HCPs co-developed
and approved all survey materials. Translation and back-translation from the English
version were conducted and accuracy was fulfilled. The questionnaires have been published
previously in the Online Supporting Information section of the global ACTION Teens study
manuscript [14].

2.3. Procedures

KJT Group Inc. (Rochester, NY, USA) oversaw data acquisition and reporting. An
online survey utilizing Decipher Survey software (FocusVision Worldwide Inc., Stamford,
CT, USA) was used for data collection. Online panels/databases were used to recruit
caregivers and ALwO by targeting and screening adults from a stratified general population
sample to identify caregivers of an ALwO. “Matched pairs” of ALwO and caregivers were
maximized by asking verified caregivers for permission to enroll their ALwO. Following
the maximization of the matched pairs, additional ALwO and caregivers were recruited to
obtain the target sample size. HCPs were recruited from online physician panels/databases.
Surveys were provided in Spanish and completed online by respondents or via in-person
interviews (caregivers and ALwO only).

2.4. Outcomes

As described previously [14], the primary outcome measures included the following:
attitudes about people with obesity and obesity, and beliefs related to the impact of obesity;
attempts to lose weight in the last year, barriers/motivations to losing weight, and definition
of successful weight loss/management; frequency/history of weight conversations includ-
ing the initiator, and responsibility for starting conversations about weight between HCPs
and ALwO/caregivers; interactions between HCPs, ALwO, and caregivers, frequency of
diagnosing obesity, reasons for not discussing obesity, and follow-up appointments; and
information sources for learning about healthy lifestyles, weight loss/management, and
obesity. Five-point Likert scales, yes/no responses, numeric responses, and single/multiple
item selection were used to assess outcome measures, as appropriate.

2.5. Sample Size

The target number of completed surveys for Spain was 650 for ALwO, 650 for care-
givers, and 250 for HCPs. These sample sizes were chosen to ensure statistical power while
maintaining recruitment feasibility.

2.6. Statistical Analysis

As described previously [14], the full analysis set comprised all those who answered
the survey in its entirety. KJT Group Inc. analyzed de-identified data using Stata (version IC
14.2; StataCorp LLC, College Station, TX, USA), SPSS (version 23.0; IBM, Armonk, NY, USA)
and Excel (Microsoft). Univariate descriptive statistics (proportions, medians, and means)
were used to summarize data. For continuous variables, where appropriate, outliers were
truncated to the median. For generalizability and mitigation of selection bias, caregiver
data were weighted to demographic targets representative for Spain for region, sex, age,
household income, and education. Demographic targets were aligned with Spanish census
data and were based on data from the United States Census Bureau–International Data
Base, World Education News and Reviews (WENR), and Instituto Nacional de Estadística
(INE). The target adult general population sample was stratified to match these general
population targets to ensure that the qualifying sample was largely representative of the
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adult population in Spain. The final incoming sample for the adult general population
(i.e., the final caregiver sample), which included those failing to qualify for the survey, was
then weighted to match the demographic targets. To obtain the nearest possible target and
sample balance, weights were calculated using a raking technique; individual respondent
weights were capped at 0.5 and 5.00 to avoid extreme design effects.

3. Results

3.1. Participant Characteristics

A total of 648 ALwO, 644 caregivers, and 251 HCPs were surveyed in Spain (Figure S1).
The HCP response rate was 16.8%. Due to the recruitment methods, calculation of ALwO
and caregiver response rates was not possible [14].

Table 1 shows the demographics and characteristics of the participants. Just over
one-third (36%) of the ALwO were female, while almost half of the caregivers (45%) and
HCPs (46%) were female. Approximately half (53%) of the ALwO and just over one-third
(36%) of the caregivers indicated that the mother or father of the ALwO had overweight.
Approximately 60% of the caregivers who answered the survey had overweight/obesity,
and HCPs reported that 68% of their ALwO patients had family members with obesity in
the household. HCPs’ primary medical specialty and professional experience are reported
in Table S1.

Table 1. Demographics and clinical characteristics of the ACTION Teens participants from Spain.

Demographic/Characteristic Spain ALwO Spain Caregivers Spain HCPs

Full-country sample, n 648 644 251
Matched pair (ALwO and caregiver), n (%) 55 (8) 55 (9) N/A
Unmatched, n (%) 593 (92) 589 (91) N/A

Age in years, mean (SD) 15.0 (1.8) 40.7 (8.9) 43.2 (11.2)

Female, n (%) a 231 (36) 289 (45) 116 (46)
Male, n (%) a 417 (64) 355 (55) 135 (54)

BMI classification of ALwO b

Obesity Class I 83% (n = 538) 80% (n = 517) 62% (SD: 19.9)
Obesity Class II 8% (n = 51) 13% (n = 85) 26% (SD: 12.3)
Obesity Class III 9% (n = 59) 7% (n = 42) 13% (SD: 11.1)

BMI classification of caregivers and HCPs, n (%) c

Underweight (<18.5 kg/m2) N/A 7 (1) 5 (2)
Healthy weight (18.5–24.9 kg/m2) N/A 257 (40) 147 (67)
Overweight (25.0–29.9 kg/m2) N/A 251 (39) 53 (24)
Obesity Class I–III (≥30 kg/m2) N/A 129 (20) 14 (6)

a Percentage of male and female participants is based on ALwO/caregiver Q5 (were you born a male or female?)
and HCP Q905 (are you male, female, or other?). b BMI classification for surveyed ALwO, the ALwO of surveyed
caregivers, and the ALwO treated by surveyed HCPs. Obesity Class I = BMI ≥95th percentile for age and sex;
Obesity Class II = BMI ≥120% of 95th percentile for age and sex; Obesity Class III = BMI ≥140% of 95th percentile
for age and sex. ALwO and caregiver data consist of the percentage (number) of ALwO in each BMI category;
HCP data consist of the mean percentage (SD) of their ALwO patients in each BMI category. c BMI classification
of surveyed caregivers and HCPs (n = 219 for HCPs). ALwO, adolescents living with obesity; BMI, body mass
index; HCP, healthcare professional; N/A, not applicable; SD, standard deviation. Table adapted from [14].

3.2. Information Sources

The information sources most commonly used by ALwO to learn about weight loss,
healthy lifestyles, and weight management were YouTube, family and friends, information
from a doctor, and social media, while for caregivers, they were information from a doctor,
family and friends, YouTube, and dietitian/nutritionist (non-doctor) (Figure S2). For HCPs,
the most commonly used sources of information were medical education/continuing
medical education programs, journal articles, and conferences (Figure S2).
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3.3. Perceptions of Obesity

HCPs were more likely than caregivers or ALwO to believe that obesity has a strong/very
strong impact on overall health and wellbeing (Figure 1). When evaluating the respondents’
perceptions of the impact of obesity compared with other comorbidities, most respondents
in the ALwO, caregiver, and HCP groups considered obesity to be as impactful or more
impactful than several other health conditions, including diabetes, heart disease, and
depression (Figure 1).

Figure 1. Perceived impact of obesity on overall health and wellbeing among ALwO, caregivers,
and HCPs: (A) impact of obesity; (B) impact of obesity compared with other health conditions.
Participants were asked how much of an impact they thought various health conditions had on a
person’s overall health and wellbeing using the following scale: 1 = no impact, 2 = slight impact,
3 = moderate impact, 4 = strong impact, and 5 = very strong impact (ALwO/caregiver Q510; HCP
Q305). Panel A represents the proportion of respondents who indicated that obesity has a strong/very
strong impact. Data were recoded to compare each participant’s response regarding the impact of
obesity with their response regarding the impact of other health conditions, and are shown in panel
B; if the response was higher for obesity than for another health condition, it was coded as “Obesity
is more impactful”; if equal, it was coded as “Obesity is as impactful”. ADHD, attention deficit
hyperactivity disorder; ALwO, adolescents living with obesity; HCP, healthcare professional. Figure
adapted from [14].

3.4. Impact of Obesity

Most ALwO (53%) considered their weight to be slightly above normal (overweight),
while 25% of ALwO thought their weight was normal (Figure 2). However, caregivers
were more likely to think that the weight of their ALwO was normal (43%) (Figure 2).
Considering their overall health, 59% of ALwO believed it to be at least good. In contrast,
95% of caregivers believed that their ALwO’s health was at least good (Figure 2). Only 1%
or fewer ALwO and caregivers considered their/their child’s health to be poor (Figure 2).

Regarding how much the ALwO worried about their weight, 25% were very or
extremely worried and 76% were at least somewhat worried (Figure 2). A similar percentage
of caregivers reported that their ALwO was very or extremely worried about their weight
(22%), but fewer reported that their ALwO was at least somewhat worried (56%) (Figure 2).
More ALwO than caregivers worried a lot or a little about the ALwO’s weight affecting
their future health (Figure 2).
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Figure 2. Perceptions of the impact of obesity on ALwO: (A) ALwO and caregiver perception of
ALwO’s current weight; (B) ALwO and caregiver perception of ALwO’s overall health; (C) ALwO
and caregiver perception of ALwO’s level of worry about weight; (D) ALwO and caregiver level
of worry about ALwO’s weight affecting future health. Percentages represent the proportions of
participants who selected each prespecified response option among all recruited ALwO (left bars)
and caregivers (right bars). Percentages may not sum to 100% due to rounding. ALwO data are based
on responses to ALwO Q106, Q101, Q108, and Q512, and caregiver data are based on responses to
caregivers Q106, Q101, Q112, and Q515. ALwO, adolescents living with obesity. Figure adapted
from [14].

3.5. Weight Loss

Overall, 39% of caregivers believed that their child will naturally slim down as they
grow older, compared with 29% of HCPs (Figure S3). A greater proportion of caregivers
than ALwO agreed that the ALwO could lose weight if he/she set their mind to it (Figure 3).
More ALwO (48%) than caregivers (28%) felt that weight loss was completely the respon-
sibility of the ALwO (Figure 3), while 21% of HCPs thought that losing weight was com-
pletely their patient’s responsibility (Figure S3). Similar proportions of ALwO (36%) and
caregivers (41%) indicated that they or their child had attempted to lose weight in the past
year, but more ALwO (71%) reported they were somewhat or very likely to try to lose
weight within 6 months than caregivers (57%) reported for their ALwO (Figure 3).
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Figure 3. Weight loss attitudes and ALwO weight loss attempts: (A) ALwO and caregiver attitudes
towards ALwO weight loss; (B) proportion of ALwO who attempted to lose weight in the previous
year, according to the ALwO and caregivers; (C) likelihood of a weight loss attempt by ALwO in the
coming 6 months, according to the ALwO and caregivers. Percentages are proportions of participants
among all recruited ALwO or caregivers. ALwO data are based on responses to ALwO Q113, Q108a,
and Q109, and caregiver data are based on responses to caregivers Q113, Q110a, and Q111. For
each question, response options were prespecified, and only one option could be selected. Panel
A presents the proportion of participants who indicated that they “strongly agree” or “somewhat
agree” with each statement. For panel C, the “not very likely” category includes the response options
“not likely at all” and “not very likely”, and the “very likely” category includes the response options
“very likely” and “extremely likely”. Percentages may not sum to 100% due to rounding. ALwO,
adolescents living with obesity. Figure adapted from [14].

For ALwO and caregivers, the most frequently reported reason why ALwO wanted to
lose weight was to be more fit/in better shape, while for HCPs, it was a desire to improve
popularity and social life (Figure 4).

The barriers to ALwO weight loss reported by ALwO and caregivers were similar
(Figure S4); the most frequently reported barriers were an inability to control hunger,
liking to eat unhealthy food, and lack of motivation. HCPs most commonly agreed that
unhealthy eating habits, preference for unhealthy food, and insufficient exercise were
barriers to ALwO losing weight, while inability to control hunger ranked 8th (Figure S4).
The definitions of success for ALwO weight loss according to ALwO, caregivers, and HCPs
are reported in Figure S5.
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Figure 4. Motivators for ALwO weight loss, as defined by ALwO, caregivers, and HCPs. Response
options selected by ALwO and caregivers when asked why they/their child has wanted to lose
weight (ALwO/caregiver Q208) are presented in the first two columns. The prespecified response
options selected by HCPs when asked what most motivates adolescents to lose weight (HCP Q205) are
presented in the third column. ALwO, adolescents living with obesity; HCPs, healthcare professionals.
Figure adapted from [14].

3.6. Conversations about Weight

Over half (54%) of ALwO felt they could talk honestly about their weight with their
mother or father, but only 23% felt this way about conversations with their HCP. The most
common ALwO- and caregiver-reported barriers to conversations about weight with an
HCP were not seeing their/their child’s weight as a significant medical issue and the ALwO
already knowing how to manage their weight (Figure S6). The most frequently reported
barrier for ALwO to initiating conversations about their weight, as perceived by HCPs,
was the ALwO not feeling comfortable bringing up the topic (65%) (Figure S6).

Approximately half (51%) of caregivers had talked to their child’s doctor about their
child’s weight in the course of the last year. Both ALwO and caregivers (who had talked
with an HCP about their/their child’s weight in the past year) most frequently reported
that the parent/caregiver usually started the conversation (Figure S7); contrary to this,
HCPs reported that they initiated weight discussions the majority of the time, but only 29%
of HCPs felt they are responsible for starting the conversation (Figure S7).

A greater proportion of ALwO (53%) than caregivers (9%) had been informed about
their/their child’s obesity diagnosis by their doctor. HCPs reported that they inform,
on average, 87% of ALwO or their caregivers about the adolescent’s obesity diagnosis.
Furthermore, 50% of the HCPs reported they always recorded an obesity diagnosis in the
medical record, and 37% recorded it most of the time.

Among ALwO (n = 488) and caregivers (n = 419) who had talked with an HCP about
their/their child’s weight in the past year, 40% of ALwO and 71% of caregivers reported
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feeling comfortable doing so, while 26% and 9%, respectively, were not comfortable par-
ticipating in these discussions. Most ALwO (63%) and caregivers (83%) reported at least
one positive feeling following the latest discussion with an HCP, with the most common
feelings reported to be “motivated”, “supported”, and “hopeful” (Figure 5). Among ALwO
(n = 160) and caregivers (n = 225) who had not talked with an HCP about the ALwO’s
weight, 44% of ALwO and 55% of caregivers would feel comfortable discussing it.

Figure 5. The feelings of ALwO and caregivers following their latest weight discussion with an HCP.
Percentages represent the proportions of respondents who selected each of the prespecified response
options for ALwO/caregiver Q410, among the subset of ALwO who had discussed weight with an
HCP in the past year or the subset of caregivers who had discussed their child’s weight with an HCP
in the past year (per ALwO/caregiver Q201). The responses of caregivers represent their own feelings
rather than their perception of their child’s feelings. The net positive category is the proportion of
participants who selected at least one positive answer (i.e., motivated, supported, hopeful, relieved,
and/or surprised); the net negative category is the proportion of participants who selected at least
one negative answer (i.e., blamed, depressed, ashamed, offended, confused, and/or discouraged).
ALwO, adolescents living with obesity; HCP, healthcare professional. Figure adapted from [14].

3.7. Weight Management

Most HCPs (87%) believed obesity to be a chronic disease (Figure S8). As reported
by ALwO and caregivers, the methods most commonly used by ALwO for managing
weight in the past year were becoming more physically active and improving eating
habits (Figure S9). The most effective methods for managing weight according to HCPs
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were becoming more physically active, improving eating habits, and reducing screen time
(Figure S9).

4. Discussion

This analysis of the Spanish cohort from the ACTION Teens survey study provides
key insights regarding the attitudes, perceptions, and behaviors of ALwO, caregivers, and
HCPs, as well as possible obstacles to effective obesity care and Spanish culture-specific
factors. There was misalignment between ALwO, caregivers, and HCPs, notably around the
perception and impact of obesity and regarding conversations about weight. The findings
of this study may change the strategy for interacting with caregivers and adolescents with
obesity. The study also highlights the importance of training HCPs not only in biological
problems related to obesity, but also in the perceptions, attitudes, and motivations of the
people involved.

One-quarter of ALwO and almost half of caregivers considered their/their child’s
weight to be normal. The lack of recognition of the ALwO’s obesity status may reflect the
relatively small proportion of ALwO (53%) and caregivers (9%) who had been informed
of their/their child’s obesity diagnosis by their HCP. In contrast, HCPs stated that they
informed the majority (87%) of ALwO/caregivers about the ALwO’s diagnosis of obesity,
with almost all reporting that they record obesity diagnoses in medical records most or all
of the time. This aligns with the global ACTION Teens study, in which a greater proportion
of HCPs reported informing ALwO/caregivers of the ALwO’s obesity diagnosis compared
with reports from ALwO/caregivers themselves [14]. This indicates a miscommunication,
both in Spain and globally, between HCPs, ALwO, and caregivers with regard to obesity
diagnoses, highlighting the importance of education and communicating weight status to
ALwO and caregivers.

Compared with the global cohort, more Spanish caregivers tended to misperceive
their child’s health/weight, with a greater proportion perceiving the overall health of
their ALwO to be at least good (95% vs. 80%, respectively) and believing the weight of
their ALwO to be normal (43% vs. 32%) [14]. This result aligns with a cross-sectional
analysis of Spanish school children that reported parental underestimation of the weight
category of children with obesity in 94% of cases [16]. The tendency for parents/caregivers
to underestimate the overweight status of their children has been reported in other studies
worldwide that included Spanish participants [17,18]. The greater propensity among
Spanish caregivers, compared with those in the ACTION Teens global cohort, to believe
their child’s weight was normal may be related to greater indulgence towards pediatric
obesity and failure to recognize the detrimental impact of obesity in Spain. The high
proportion of caregivers with overweight or obesity may also have impacted how they
perceive the weight of their child. Visual normalization of obesity has been shown to
contribute to the perceptions of caregivers, whereby increased exposure to larger body
sizes leads caregivers to shift their perception of normal weight in children, leading to an
underestimation of the weight of their child [19,20]. Previous data indicate that the lack of
perception of obesity by the family is a determining factor in the development or worsening
of childhood obesity [21]. Hence, family involvement is considered fundamental to the
prevention of childhood obesity [22].

Considering attitudes towards weight loss, many caregivers (39%) thought that their
child would slim down with age. This could indicate a misunderstanding of obesity
in adolescence and may be an important barrier to seeking support from their HCP for
management of their child’s weight. Delayed initiation of medical management may be
compounded by views among ALwO and caregivers regarding personal responsibility for
weight loss. Approximately one-half of ALwO and one-quarter of caregivers felt that losing
weight was solely the ALwO’s responsibility. Feelings of personal responsibility for weight
loss among individuals with obesity are not uncommon, arising from a narrative that
positions obesity as a choice and/or lack of willpower [23]. Furthermore, when analyzing
barriers to weight loss, there was discordance between HCPs and ALwO/caregivers on
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the importance of the inability to control hunger, with ALwO/caregivers, but not HCPs,
reporting this as one of their top three barriers. This may indicate a misunderstanding
around the biology of obesity, even among HCPs, and calls for improved education on this
topic that can be further communicated to patients.

There were no remarkable differences between Spanish and global caregivers in terms
of key motivators or barriers to weight loss. Key motivators in all respondent groups in
Spain and globally included those related to appearance (e.g., being fit and looking like
their peers), improved social status (i.e., their social life, interactions, and popularity), and
improved self-confidence [14]. The barriers to weight loss most frequently reported by
ALwO and caregivers, both in Spain and globally, were the inability to control hunger, lack
of motivation, and a preference for unhealthy foods, while HCPs most often reported poor
diet and insufficient physical activity [14].

Although 88% of Spanish ALwO reported barriers to weight loss in the present study,
almost three-quarters of ALwO and over one-half of caregivers indicated that they/their
child would be somewhat or very likely to try to lose weight within 6 months. Similar
proportions of ALwO (75%) and caregivers (63%) were reported in the global study [14].
As such, HCPs should feel encouraged to initiate conversations about weight with ALwO
and caregivers.

Guidance from the American Academy of Pediatrics (AAP) highlights the importance
of communicating weight status to a child with obesity and their family in order to guide
the subsequent evaluation and treatment [24]. However, this first step can be challenging
for ALwO, caregivers, and HCPs alike, and can present an initial barrier to the advancement
of obesity management. Only a small proportion of HCPs believed that they are responsible
for initiating conversations about weight. Furthermore, approximately two-thirds of HCPs
reported discomfort among ALwO in bringing up the topic of weight. In contrast, only
26% of ALwO who had discussed weight reported a lack of comfort with the conversation.
Moreover, most ALwO and caregivers (63% and 83%, respectively) felt positive about
previous weight-related discussions with an HCP. Across those who had not previously
had a discussion about weight with an HCP, around half of ALwO and caregivers would
feel comfortable with the conversation. As such, HCPs should feel confident in raising
the topic of weight in order to facilitate effective treatment strategies. Interestingly, while
51% of Spanish caregivers reported having spoken with their child’s doctor about their
weight within the last year (compared with 36% of caregivers in the global analysis),
less than 10% reported being informed of a diagnosis of obesity (vs. 29% in the global
group) [14]. This indicates a miscommunication between HCPs and caregivers that is
particularly prominent in Spain compared with other world regions. This may reflect a
lack of understanding among Spanish caregivers or an unwillingness of HCPs to engage in
challenging discussions.

The recommendations for the prevention and treatment of childhood obesity in Spain
are mainly focused on changes in diet and increased exercise, paying little to no attention
to the attitudes, behaviors, and motivations of the family and the adolescent, and the
importance of these in ensuring successful management of the child’s obesity [25–27]. It
will be important to integrate the results of this study at the primary care level to facilitate
early detection of childhood obesity and provide information about obesity to the family.
In Spain, children are checked by the primary pediatrician on numerous occasions during
the first years of their lives. As contact with the family is frequent during this time,
recommendations related to obesity may have a substantial impact.

The strengths and limitations of this analysis of the Spanish cohort are comparable to
those of the overall ACTION Teens study [14]. This was the first evaluation and comparison
of the lived experiences of three parties (ALwO, caregivers, and HCPs) involved in obesity
management in Spain. This analysis provides valuable information that may be used
to align and achieve the objectives of all participating groups. The main limitations of
the study include the risk of selection bias and the potential for measurement error due
to use of online surveys, the self-reported weight and height data that may have led to
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underestimation or overestimation of ALwOs’ BMI, the cross-sectional study design, and
lack of information on body composition and pubertal stage. Furthermore, only 36% of
ALwO in the Spanish cohort were female, and so results may be biased towards male
ALwO attitudes, perspectives, and behaviors; subgroup analyses based on sex are outside
the scope of this manuscript. The majority of ALwO and caregivers (more than 90%) were
not matched. In addition, HCP respondents did not directly care for the surveyed ALwO;
therefore, it was not possible to carry out paired studies.

Overall, our findings should be generalizable to the wider population of ALwO,
caregivers of ALwO, and HCPs treating ALwO in Spain. Although online surveys typically
have poor response rates, broad inclusion and exclusion criteria were used to ensure that
respondents were representative of ALwO and HCPs treating ALwO in Spain. Furthermore,
stratified sampling and demographic weighting of caregiver data were used to ensure that
the sample was as representative as possible. Additionally, while there is potential for
selection bias with online surveys, this risk was mitigated by not specifying the topic of
the survey in adolescent/caregiver email invitations and carefully designing screening
questions to ensure that adolescents and caregivers did not know the purpose of the study
until they had met the qualification criteria.

5. Conclusions

This analysis of the Spanish cohort of the cross-sectional ACTION Teens survey study
highlights existing barriers to effective obesity management of ALwO in Spain, as well
as Spanish culture-specific factors. It revealed misperceptions of weight status in a high
proportion of ALwO and caregivers of ALwO, and suggested that ALwO are more likely
to worry about their weight than their caregivers. Both ALwO and caregivers reported
not being able to control hunger as an important barrier to weight loss, while HCPs were
more likely to report a poor diet or a lack of physical activity. In addition, communication
difficulties and misalignments exist between HCPs, ALwO, and caregivers. HCPs assume
that ALwO will not feel comfortable starting conversations about their weight, and a
minority of HCPs perceive themselves as being responsible for initiating weight-related
discussions. Meanwhile, there is a willingness among both ALwO and caregivers to talk
with an HCP about the ALwO’s weight; they feel comfortable discussing it and feel positive
after having the conversation. Improved communication between ALwO, caregivers, and
HCPs is required, alongside a better understanding of the existing barriers to weight loss.
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Abstract: Eating disorders (ED) have frequently been described among athletes. However, their
specific features and therapy responses are lacking in the literature. The aims of this article were
to compare clinical, psychopathological and personality traits between ED patients who were pro-
fessional athletes (ED-A) with those who were not (ED-NA) and to explore differences in response
to treatment. The sample comprised n = 104 patients with ED (n = 52 ED-A and n = 52 matched
ED-NA) diagnosed according to DSM-5 criteria. Evaluation consisted of a semi-structured face-to-face
clinical interview conducted by expert clinicians and a psychometric battery. Treatment outcome was
evaluated when the treatment program ended. ED-A patients showed less body dissatisfaction and
psychological distress. No differences were found in treatment outcome among the groups. Within
the ED-A group, those participants who performed individual sport activities and aesthetic sports
presented higher eating psychopathology, more general psychopathology, differential personality
traits and poor therapy outcome. Individual and aesthetic sports presented more severity and worse
prognosis. Although usual treatment for ED might be similarly effective in ED-A and ED-NA, it
might be important to develop preventive and early detection programs involving sports physicians
and psychologists, coaches and family throughout the entire athletic career and afterwards.
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1. Introduction

Eating disorders (ED) are severe mental illnesses, characterized by disturbances in
eating behavior and food intake often accompanied by feelings of distress and concerns
about weight or body shape [1]. Lifetime prevalence is approximately 5% considering the
different diagnoses: anorexia nervosa (AN), bulimia nervosa (BN), binge eating disorder
(BED) and other specified feeding and eating disorders (OSFED) [2]. It is well known that
ED produce profound and protracted physical and psychosocial morbidity [2]. Furthermore,
in recent years, research has widely documented that the COVID-19 pandemic has had
pernicious effects on people diagnosed, or at risk, of suffering from ED, both in eating
symptoms (restriction, lower weight, purging) and in general psychopathology (anxiety,
depression, obsessive–compulsive symptoms) [3,4]. Disturbingly, mortality risk in AN and
BN is five or more times higher when compared with the general population; the main
causes of death being suicide and somatic complications [5]. A matter of concern is that
ED are frequently undertreated and that there are scarce advances in treatment, especially
in adults [6].

High levels of physical activity have been largely associated with ED and their comor-
bidities [7–9]. This is observed especially in AN, where excessive exercise occurs in 31–80%
of patients [10] and has been associated with longer hospital duration, poor treatment
outcome, increased likelihood of dropout and risk of relapse and chronicity [11–14]. In
other ED, such as BN and OSFED, a high exercise load has been associated with both higher
general psychopathology and eating disorder symptomatology [15].

Professional athletes, being at a higher risk of developing ED than the general popula-
tion [16], constitute a special group that must be considered when evaluating the effects of
high levels of physical activity in clinical outcomes. Athletes do not only have extremely
high training loads due to sport specific performance requirements, but many athletes fall
into an “identity tunnel” [17] by fully focusing their life on elite sports, often leading to an
excessive adherence to the norms and values of the elite sports system due to a lack of influ-
ences from outside the sporting realm [18,19]. They internalize a mechanistic view of their
bodies, perceiving them purely as functional tools for delivering sports performances [20],
disregarding non-sport specific aspects of well-being [20,21]. Pain and injuries become
normalized and rationalized as a necessity of pushing the limits [22], but also illnesses
and mental and physical overload are often ignored, as athletes commonly push through
feelings of discomfort [23].

Results of a recent study reported that, in a sample of competitive athletes, over
86% met criteria for an ED/subthreshold ED [24]. Furthermore, when looking at clinical
variables, athletes who reported ED pathology showed higher levels of depression and
anxiety than athletes without ED pathology [25], but, compared with non-athlete ED
patients, research has found mixed results. However, due to their usual high training
volume [26], it was difficult to define the term “excessive exercise” in this group and it
remained unclear the role it played.

When comparing the type of sport practiced, research has found a higher likelihood of
ED in those sports that depend on pressure to lose and/or maintain weight, as in aesthetic
sports such as artistic gymnastics, figure skating or classical ballet [27,28]. Regarding
individual or team sports, it seems that symptoms of ED are less associated with team
sports [29,30].

Thus, even though the practice of a professional sport has been considered a risk
factor for a diagnosis of ED, especially in individual and aesthetic sports, there is a lack
of research concerning predictors of therapy and treatment outcome in clinical samples of
athletes with ED.

The main goals of this study were threefold: (1) to compare clinical, psychopathological
and personality traits between professional athletes with ED (ED-A) and non-athletes with
ED (ED-NA); (2) to analyze the differences in response to treatment and dropouts between
ED-A and ED-NA and whether the type of professional sport performed might be relevant;
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(3) to identify the predictive factors of therapeutic success or failure, as well as dropout
among both groups.

We hypothesized that ED-related severity, general psychopathology and personality
traits would be important determinants of the ED-A sample and would be reflected as
poorer treatment outcomes in this group. Additionally, based on the type of sport per-
formed (aesthetic vs. non-aesthetic/group vs. individual), we expected to observe a more
dysfunctional profile in individual sports and aesthetic athletes that would be reflected in
poorer treatment outcomes.

2. Materials and Methods

2.1. Sample

The total sample comprised n = 104 patients with a diagnosis of ED (n = 38 AN,
n = 36 BN, n = 4 BED and n = 26 OSFED), divided into two matched groups of
n = 52 participants each. One group of professional athletes was diagnosed with ED
(ED-A) and another group of non-athlete patients was diagnosed with ED (ED-NA). Both
groups were matched by diagnosis (n = 19 AN, n = 18 BN, n = 2 BED, n = 13 OSFED), age,
duration of the ED and sex (n = 39 women and n = 13 men) taken from a larger pool of
non-athlete ED cases using propensity scores. Participants were diagnosed according to
the DSM-5 criteria [1] following a face-to-face semi-structured interview by expert clini-
cians specialized in ED. Regarding the OSFED group composition, patients with atypical
anorexia nervosa (OSFED-AN), purging disorder (OSFED-P), subthreshold bulimia nervosa
and subthreshold binge eating disorder (OSFED-BN) were included. The distribution in
our sample was: (OSFED-AN 38.5%, OSFED-BN 26.9% and OSFEC-P 34.6%). Exclusion
criteria were: (1) being under 16 years of age; (2) having a learning or intellectual disability;
(3) providing incomplete questionnaires; (4) not signing the informed consent form.

2.2. Assessment

Sociodemographic information including sex, civil status, education, employment,
socioeconomic status, clinically relevant features regarding ED and psychopathological
symptoms were assessed by a structured clinical interview [31]. Athletes were specifi-
cally asked about the type of sport practiced. Interviews were conducted by experienced
psychologists in ED.

To explore symptoms of ED, general psychopathology and personality traits, we
administered a battery of questionnaires regularly applied when treating ED.

Eating disorders inventory-2 (EDI-2) [32] is a 91-item self-report questionnaire used fre-
quently to assess cognitive and behavioral characteristics of ED. This instrument measures
11 subscales: drive for thinness, body dissatisfaction, bulimia, ineffectiveness, perfection-
ism, interpersonal distrust, interoceptive awareness, maturity fears, asceticism, impulse
regulation and social insecurity. The EDI-2 total score provides a global measure of ED
severity. The validation for the Spanish population [33] had a mean internal consistency of
0.63 (Cronbach’s α). The internal consistency for the current sample was between acceptable
(Cronbach-alpha α = 0.638 for “ascetic”) and excellent (α = 0.961 for “total score”).

The symptom checklist-90-revised (SCL-90) [34] is a self-reported 90-item question-
naire that explores general psychopathology. It measures nine primary symptom dimen-
sions: somatization, obsession–compulsion, inter-personal sensitivity, depression, anxiety,
hostility, phobic anxiety, paranoid ideation and psychoticism. Three global indices are
also present: the global severity index (GSI), which evaluates overall distress; the positive
symptom distress index (PSDI), which indicates the intensity of the symptoms; the positive
symptom total (PST), which assesses self-reported symptoms. Validation for the Spanish
population [35] obtained a mean internal consistency of 0.75 (Cronbach’s α). The internal
consistency for this study was between adequate (α = 0.725 for “paranoia”) and excellent
(α = 0.977 for “global indexes”).

Temperament and character inventory-revised (TCI-R) [36] is a 240-item questionnaire
based on the Cloninger model of personality. It measures four temperaments (harm
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avoidance, novelty seeking, reward dependence and persistence) and three character (self-
directedness, cooperativeness and self-transcendence) dimensions of personality. It has
been validated in a Spanish adult population [37]. Cronbach’s alpha for the current sample
was between adequate (α = 0.804 for “novelty seeking”) to excellent (α = 0.926 for “harm
avoidance”).

2.3. Procedures

The threshold for the professional level was defined by experienced clinical psy-
chologists during an in-depth interview. The group of professional athletes comprised
individuals who lived off their sport, those who received payment for their performance
through government grants or sports clubs and those who were in national or autonomic
federations and competed at the professional level. In the sample, 16 sports were rep-
resented (n = 52): football, basketball, korfball, volleyball, canoeing, swimming, fitness,
cycling, running, karate, bodybuilding, climbing, figure skating, rhythmic gymnastics,
triathlon and snowboarding. Finally, ballet was included in the sample because, although
it is not strictly considered a sport, due to its very particular characteristics in the literature,
it has been equated to aesthetic sports [28].

For the ED-A analysis, the sample was separated into two subgroups: (1) Individual
sports (n = 42) vs. team sports (n = 10). Defining team sports as having a set of players
who interact as a block with a common goal (e.g., football, basketball and volleyball) [37].
(2) Aesthetic (n = 27) vs. non aesthetic (n = 25). Aesthetic sports include sports where body
shape is of great importance in the performance, e.g., rhythmic gymnastics, synchronized
swimming and figure skating [37].

2.4. Treatment

As previously described [38], each patient with AN received same-day inpatient treat-
ment addressing nutritional dietary patterns and psychological and psychiatric aspects,
based on a CBT program previously described elsewhere [39] with proven efficacy [40].
Patients attended the hospital during the day from 9 AM to 3 PM, 5 days a week (Monday to
Friday), for a period of 15 weeks. Food intake was monitored twice a day during breakfast
and lunch (the main food intakes of the day). Treatment for the other diagnostic types, such
as BN, BED and OSFED, consisted of 16 weekly manualized outpatient group therapy ses-
sions, each lasting 90 min, led by experienced psychologists. This program was published
in Spanish and has demonstrated efficacy [41,42]. The common goals of the treatment
were training in problem-solving strategies, cognitive restructuring, emotional regulation,
improvement of self-esteem and body image and relapse prevention. In addition, therapy
addressed eating-related symptomatology through psychoeducation, dietary monitoring
and normalization of nutritional patterns.

2.5. Outcome Measures

Patients were assessed again upon discharge and grouped into three categories: “com-
plete remission”, “partial remission” and “no remission”. Complete remission was defined
according to the DSM-5 criteria [1] as the complete absence of symptoms meeting diagnostic
criteria for a minimum of 4 consecutive weeks. Partial remission referred to significant
symptomatic improvement but with residual symptoms, while patients with poor outcomes
were classified as non-remission. These categories were determined by senior clinical staff
who considered various factors related to the patients’ treatment outcome. They included
normalization of dietary patterns, frequency of binge eating episodes and compensatory
behaviors (such as self-induced vomiting or abuse of laxatives and diuretics), weight regain
and improvement in attitudes towards weight and shape, as well as cognitive aspects
related to eating disorders. Objective measures, such as weight status and the number
of daily binge-eating and purging episodes, were obtained from food diaries and weight
control records. Discontinuation of treatment without medical advice was categorized as
“drop-out” (i.e., not attending treatment for three consecutive sessions). The study was
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approved by the Bellvitge University Hospital and written informed consent was obtained
from all participants.

2.6. Statistical Analysis

Stata17 for Windows was used for the statistical procedure. The comparison between
the groups was performed with chi-square tests for categorical variables (χ2) and with
analysis of variance (ANOVA) for quantitative variables. The effect size of the relationships
was estimated with Cramer’s-V coefficient for χ2 and Cohen’s-d for ANOVA, considering
mild/moderate for V > 0.20 or |d| > 0.50 and high/large for V > 0.40 or |d| > 0.80 [43].
Regarding the use of the ANOVA in this work, it must be outlined that results obtained
in current statistical studies (most of them simulation analyses conducting Monte Carlo
modeling) provide empirical evidence for the robustness of the procedure under a wide
variety of conditions involving non-normal distributions and heteroscedasticity (therefore,
the conditions of outcome variable normally and independently distributed with equal
variances among the group have not been evaluated) [44]. For the χ2 tests, the significance
level was obtained with the exact method. In addition, all the univariable analyses carried
out with the χ2 and the ANOVA tests included the Finner’s correction procedure to avoid
increases in the type-I error due to the multiple statistical comparisons [45].

Logistic regression was used to identify the variables with a significant contribution
on the risk of dropout (yes versus no) and bad outcome (yes versus no) during treatment.
In this study, bad outcome was considered as the presence of dropout or non-remission.
The backwards stepwise method was used, with the list of predictors as: sociodemographic
variables (sex, age, marital status, education level, employment status and social position
index), eating disorder severity (EDI-2 total), global psychopathological distress (SCL-
90R GSI) and personality profile (TCI-R scale scores). The goodness of fit of the logistic
regression was tested with the Hosmer–Lemeshow test; the predictive capacity was tested
with the pseudo Nagelkerke’s-R coefficient.

The Kaplan–Meier (product limit) method estimated the cumulative survival function
for the rate of dropout. Survival analysis provided the probability of patients “living”
(surviving without the presence of the outcome, in this study, without dropping out during
the treatment) for a certain amount of time after beginning therapy [46].

3. Results

3.1. Characteristics of the Sample

Most participants in this study were women (75%), single (81.7%), with a secondary
education level (53.8%), either employed or student (74.0%) and pertained to mean low to
low social indexes (85.6%). Mean age was 25.4 years-old (SD = 6.8), mean age of onset of
the problematic eating behavior was 19.0 years-old (SD = 6.1) and mean duration of the
eating related problems was 6.4 years (SD = 5.8). The distribution of the ED subtype was:
36.5% AN, 34.6% BN, 3.8% BED and 25.0% OSFED. No statistical differences between the
groups based on sports were observed (see Table 1).

3.2. Comparison between the Groups at Baseline

Considering the clinical variables at baseline (ED symptom severity (EDI-2) and
psychopathology (SCL-90R)) and the personality profile (TCI-R), participants within the
ED-A sample reported a lower mean in EDI-2 body dissatisfaction and SCL-90R global
psychological distress (as measured with the PSDI) (see Table 2).
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Table 1. Descriptive of the sample.

Total
(n = 104)

ED-NA
(n = 52)

ED-A
(n = 52)

n % n % n % p C-V

Sex Women 78 75.0% 39 75.0% 39 75.0% 1.000 0.000
Men 26 25.0% 13 25.0% 13 25.0%

Civil status Single 85 81.7% 40 76.9% 45 86.5% 0.219 0.171
Married 13 12.5% 7 13.5% 6 11.5%
Divorced 6 5.8% 5 9.6% 1 1.9%

Education Primary 28 26.9% 14 26.9% 14 26.9% 0.873 0.051
Secondary 56 53.8% 27 51.9% 29 55.8%
University 20 19.2% 11 21.2% 9 17.3%

Employment Employed/student 77 74.0% 35 67.3% 42 80.8% 0.117 0.154
Social index Unemployed 27 26.0% 17 32.7% 10 19.2%

High 1 1.0% 0 0.0% 1 1.9% 0.397 0.198
Mean high 4 3.8% 3 5.8% 1 1.9%

Mean 10 9.6% 5 9.6% 5 9.6%
Mean low 35 33.7% 14 26.9% 21 40.4%

Low 54 51.9% 30 57.7% 24 46.2%

Mean SD Mean SD Mean SD p |d|

Age (years) 25.37 6.83 25.42 5.89 25.31 7.71 0.932 0.02
Age of onset of ED (years) 19.03 6.12 19.54 4.86 18.52 7.17 0.398 0.17
Duration of ED (years) 6.42 5.84 6.01 5.54 6.82 6.16 0.483 0.14
BMI (kg/m2) 21.62 6.15 22.51 7.16 20.72 4.84 0.138 0.29

n % n % n % p C-V

ED subtype AN 38 36.5% 19 36.5% 19 36.5% 1.000 0.000
BN 36 34.6% 18 34.6% 18 34.6%

BED 4 3.8% 2 3.8% 2 3.8%
OSFED 26 25.0% 13 25.0% 13 25.0%

Note: ED-NA—eating disorder, non-athlete. ED-A—eating disorder, athlete. AN—anorexia nervosa. BN—bulimia
nervosa. BED—binge eating disorder. OSFED—other specified feeding and eating disorder. SD—standard
deviation. C-V—Cramer’s-V coefficient.

Table 2. Comparison at baseline: ANOVA.

ED-NA
(n = 52)

ED-A
(n = 52)

Mean SD Mean SD p |d|

EDI-2 Drive for thinness 14.33 5.60 12.62 7.16 0.178 0.27
EDI-2 Body dissatisfaction 17.25 8.52 13.06 9.46 0.019 * 0.47
EDI-2 Interoceptive awareness 10.08 6.69 9.25 7.16 0.544 0.12
EDI-2 Bulimia 5.37 5.21 5.31 5.23 0.955 0.01
EDI-2 Interpersonal distrust 5.04 4.43 4.87 4.40 0.842 0.04
EDI-2 Ineffectiveness 9.40 7.02 8.48 7.50 0.518 0.13
EDI-2 Maturity fears 7.96 6.03 7.12 5.54 0.458 0.15
EDI-2 Perfectionism 5.75 4.58 6.38 5.58 0.527 0.12
EDI-2 Impulse regulation 6.37 5.70 4.87 5.66 0.181 0.26
EDI-2 Ascetic 7.29 4.03 6.87 4.97 0.634 0.09
EDI-2 Social Insecurity 6.85 4.99 6.52 5.83 0.759 0.06
EDI-2 Total scale 95.63 40.56 85.33 53.82 0.273 0.22
SCL-90R Somatization 1.69 0.85 1.36 0.94 0.060 0.37
SCL-90R Obsessive–compulsive 1.82 0.79 1.52 0.90 0.069 0.36
SCL-90R Interpersonal sensitivity 2.04 0.92 1.69 1.05 0.068 0.36
SCL-90R Depression 2.16 0.82 1.89 1.04 0.155 0.28
SCL-90R Anxiety 1.62 0.86 1.44 0.93 0.306 0.20
SCL-90R Hostility 1.47 1.06 1.15 0.87 0.097 0.33
SCL-90R Phobic anxiety 1.06 0.87 0.89 1.01 0.370 0.18
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Table 2. Cont.

ED-NA
(n = 52)

ED-A
(n = 52)

Mean SD Mean SD p |d|

SCL-90R Paranoia ideation 1.50 0.82 1.27 0.88 0.175 0.27
SCL-90R Psychotic ideation 1.41 0.77 1.18 0.76 0.130 0.30
SCL-90R GSI 1.73 0.69 1.47 0.82 0.075 0.35
SCL-90R PST 64.67 15.11 57.27 22.80 0.054 0.38
SCL-90R PSDI 2.35 0.58 2.10 0.65 0.046 * 0.40
TCI-R Novelty seeking 101.73 15.17 98.27 16.11 0.262 0.22
TCI-R Harm avoidance 111.92 21.13 107.21 23.27 0.282 0.21
TCI-R Reward dependence 100.94 15.47 100.02 16.02 0.766 0.06
TCI-R Persistence 115.29 21.38 120.04 19.85 0.243 0.23
TCI-R Self-directedness 119.90 20.99 124.73 24.32 0.281 0.21
TCI-R Cooperativeness 132.42 15.88 131.33 18.74 0.748 0.06
TCI-R Self-transcendence 65.67 17.27 65.63 15.14 0.990 0.00

Note: ED-NA—eating disorder, non-athlete. ED-A—eating disorder, athlete. SD—standard deviation. * Bold is
significant comparison (0.05).

3.3. Treatment Outcomes

No differences in the risk of dropout and bad outcome during the treatment were
obtained comparing the ED-NA versus the ED-A groups (see Table 3).

Table 3. Comparison of the cognitive behavioral therapy (CBT) outcomes: chi-square tests.

ED-NA
(n = 52)

ED-A
(n = 52)

n % n % p C-V

Outcome Dropout 17 32.7% 15 28.8% 0.596 0.135
Non-remission 5 9.6% 9 17.3%

Partial remission 9 17.3% 11 21.2%
Full remission 21 40.4% 17 32.7%

Dropout No 35 67.3% 37 71.2% 0.671 0.042
Yes 17 32.7% 15 28.8%

Bad outcome No 30 57.7% 28 53.8% 0.693 0.039
Yes 22 42.3% 24 46.2%

Note: ED-NA—eating disorder, non-athlete. ED-A—eating disorder, athlete. C-V—Cramer’s-V coefficient.

In the logistic regression models, the predictors indicating higher likelihood of dropout
during treatment were the SCL-90R somatic score among ED-NA group and the SCL-90R
obsessive–compulsive score among the ED-A group. The odds of a bad outcome were also
higher for ED-NA patients with a higher SCL-90R score, while higher levels in SCL-90R
obsessive–compulsive, TCI-R self-directedness and self-transcendence were predictors of
worse treatment outcome among the ED-A group (see Table 4).

Table 4. Predictive models for the risk of dropout and bad outcome.

Group Criteria Subsample: ED-NA B SE p OR 95% CI (OR) H-L N-R2

ED-NA Dropout SCL-90R Somatic 0.847 0.399 0.034 2.333 1.067 5.100 0.147 0.130

Bad outcome SCL-90R Somatic 0.842 0.380 0.027 2.321 1.102 4.889 0.202 0.137

ED-A Dropout SCL-90R Obsessive–comp. 2.008 0.910 0.027 7.452 1.252 44.36 0.052 0.155

Bad outcome SCL-90R Obsessive–comp. 1.117 0.573 0.040 3.056 1.000 9.403 0.222 0.223
TCI-R Self-directedness 0.043 0.022 0.035 1.044 1.000 1.090

TCI-R Self-transcendence 0.047 0.024 0.032 1.049 1.000 1.100

Note: ED-NA—eating disorder, non-athlete. ED-A—eating disorder, athlete. Bad outcome—dropout or non-
remission. HL—Hosmer–Lemeshow (p-value). N-R2—Nagelkerke’s pseudo-R2. List of predictors: sociodemo-
graphic, ED severity (EDI-2 total score), psychopathology distress (SCL-90R GSI) and personality traits (TCI-R).
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3.4. Comparison Based on the Sport Type

The first block in Table 5 displays the comparison between ED-A patients who reported
individual versus group sports. Individual sport was characterized by a higher mean in
the ED symptom severity measures (concretely in the EDI-2 drive for thinness, body
dissatisfaction, ineffectiveness and total score), worse psychopathological state (SCL-90R
somatic and hostility scales), higher self-transcendence and lower cooperativeness. ED-A
also registered a longer duration of the ED and a different distribution of the treatment
outcome (lower risk of dropout and partial remission; higher risk of non-remission). No
differences in the cumulative survival curves comparing individual versus group sports
were found (Figure 1).

Table 5. Comparison based on the sport type.

Individual
(n = 42)

Group
(n = 10)

Non-Aesthetic
(n = 25)

Aesthetic
(n = 27)

Measures at Baseline Mean SD Mean SD p |d| Mean SD Mean SD p |d|

Age (years) 25.93 6.95 22.70 10.38 0.238 0.37 26.80 7.11 23.93 8.12 0.182 0.38
Age of onset of ED (years) 18.12 6.32 20.20 10.27 0.415 0.24 20.12 6.78 17.04 7.32 0.122 0.44
Duration of ED (years) 7.85 6.41 2.50 1.43 0.012 * 1.15 † 6.71 6.51 6.93 5.93 0.901 0.03

EDI-2 Drive for thinness 13.76 6.80 7.80 6.94 0.016 * 0.87 † 10.48 7.63 14.59 6.19 0.037 * 0.59 †

EDI-2 Body dissatisfaction 13.90 9.88 9.50 6.69 0.188 0.52 † 10.36 9.05 15.56 9.30 0.047 * 0.57 †

EDI-2 Interoceptive awareness 9.86 7.40 6.70 5.70 0.214 0.48 7.60 6.65 10.78 7.41 0.111 0.45
EDI-2 Bulimia 5.83 5.38 3.10 4.04 0.139 0.57 † 4.32 4.36 6.22 5.86 0.193 0.37
EDI-2 Interpersonal distrust 5.07 4.65 4.00 3.20 0.494 0.27 4.48 4.35 5.22 4.49 0.548 0.17
EDI-2 Ineffectiveness 9.19 7.62 5.50 6.45 0.164 0.52 † 6.64 6.21 10.19 8.27 0.088 0.51 †

EDI-2 Maturity fears 7.19 5.80 6.80 4.54 0.844 0.07 7.12 4.30 7.11 6.57 0.995 0.00
EDI-2 Perfectionism 6.83 5.57 4.50 5.46 0.238 0.42 4.84 4.93 7.81 5.84 0.054 0.55 †

EDI-2 Impulse regulation 5.29 6.03 3.10 3.41 0.277 0.45 4.20 4.60 5.48 6.52 0.420 0.23
EDI-2 Ascetic 7.19 4.88 5.50 5.36 0.338 0.33 5.72 4.54 7.93 5.19 0.110 0.45
EDI-2 Social Insecurity 6.81 6.18 5.30 4.06 0.467 0.29 5.20 4.92 7.74 6.41 0.117 0.44
EDI-2 Total scale 90.93 54.69 61.80 45.01 0.125 0.58 † 70.96 50.05 98.63 54.66 0.063 0.53 †

SCL-90R Somatization 1.46 0.95 0.92 0.83 0.106 0.60 † 1.37 0.95 1.35 0.95 0.928 0.03
SCL-90R Obsessive–compulsive 1.58 0.88 1.26 1.00 0.322 0.34 1.36 0.99 1.66 0.80 0.233 0.33
SCL-90R Interpersonal sensitivity 1.73 1.05 1.52 1.13 0.588 0.19 1.55 1.09 1.81 1.03 0.379 0.25
SCL-90R Depression 1.95 1.03 1.63 1.09 0.381 0.31 1.78 1.07 2.00 1.03 0.441 0.22
SCL-90R Anxiety 1.48 0.91 1.25 1.02 0.477 0.24 1.31 0.95 1.56 0.91 0.345 0.26
SCL-90R Hostility 1.26 0.90 0.70 0.59 0.069 0.73 † 1.15 0.90 1.15 0.86 0.978 0.01
SCL-90R Phobic anxiety 0.94 1.05 0.67 0.81 0.451 0.29 0.83 0.97 0.94 1.06 0.704 0.11
SCL-90R Paranoia ideation 1.35 0.89 0.95 0.81 0.202 0.47 1.17 0.88 1.36 0.89 0.448 0.21
SCL-90R Psychotic ideation 1.25 0.76 0.91 0.75 0.210 0.45 1.03 0.74 1.32 0.76 0.171 0.39
SCL-90R GSI 1.53 0.81 1.19 0.86 0.232 0.42 1.38 0.85 1.55 0.80 0.476 0.20
SCL-90R PST 59.10 22.41 49.60 24.06 0.240 0.41 54.36 25.01 59.96 20.66 0.381 0.24
SCL-90R PSDI 2.15 0.66 1.91 0.64 0.294 0.38 2.02 0.72 2.18 0.59 0.385 0.24

TCI-R Novelty seeking 98.88 17.03 95.70 11.83 0.580 0.22 101.72 18.59 95.07 12.97 0.139 0.41
TCI-R Harm avoidance 105.93 24.18 112.60 19.09 0.421 0.31 101.44 19.87 112.56 25.22 0.085 0.52 †

TCI-R Reward dependence 98.90 16.12 104.70 15.49 0.308 0.37 100.32 16.46 99.74 15.90 0.898 0.04
TCI-R Persistence 120.62 20.53 117.60 17.45 0.670 0.16 119.96 12.74 120.11 24.96 0.978 0.01
TCI-R Self-directedness 123.00 25.32 132.00 18.88 0.297 0.40 130.72 23.21 119.19 24.42 0.088 0.51 †

TCI-R Cooperativeness 128.55 19.29 143.00 10.39 0.027 * 0.93 † 134.56 12.57 128.33 22.89 0.235 0.34
TCI-R Self-transcendence 67.05 16.02 59.70 8.99 0.170 0.57 † 62.40 15.27 68.63 14.66 0.140 0.42

Treatment outcome n % n % p C-V n % n % p C-V

Outcome Dropout 11 26.2% 4 40.0% 0.376 0.247 † 3 12.0% 12 44.4% 0.050 * 0.387 †

Non-remission 9 21.4% 0 0.0% 5 20.0% 4 14.8%
Partial remission 8 19.0% 3 30.0% 8 32.0% 3 11.1%

Full remission 14 33.3% 3 30.0% 9 36.0% 8 29.6%
Dropout No 31 73.8% 6 60.0% 0.448 0.120 22 88.0% 15 55.6% 0.014 * 0.358 †

Yes 11 26.2% 4 40.0% 3 12.0% 12 44.4%
Bad outcome No 22 52.4% 6 60.0% 0.736 0.060 17 68.0% 11 40.7% 0.058 0.273 †

Yes 20 47.6% 4 40.0% 8 32.0% 16 59.3%

Note: SD—standard deviation. C-V—Cramer’s-V coefficient. * Bold signifies significant comparison (0.05). † Bold
signifies effect size into the ranges mild/moderate to high/large.
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Figure 1. Survival function for the rate of dropout based on the sport type (Cox regression).

The second block in Table 5 shows the comparison between individual non-aesthetic
sports versus individual-aesthetic sports. The aesthetic sports group was characterized
by a higher mean in the EDI-2 drive for thinness, body dissatisfaction, ineffectiveness,
perfectionism and total scale, as well as by a higher score in harm avoidance and a lower
score in self-directedness. Differences in the treatment outcomes were also identified, such
that aesthetic sports related to worse results during therapy (higher risk and rate of dropout,
see Figure 1).

4. Discussion

This present study aimed to examine differences between patients with ED who were
professional athletes (ED-A) and those who were not (ED-NA) regarding clinical features,
personality traits and treatment outcomes. As a secondary goal, our research intended
to give a better understanding of the role that sport plays in professional athletes with
an ED and to provide a framework for future research involving these patients. To our
knowledge, this is one of the first studies that attempts to analyze therapy outcome in this
specific population.

4.1. Clinical Features and Personality Traits

Although we hypothesized that we would find differences in clinical features and
personality traits between the ED-A and ED-NA groups, when analyzing the data, no
relevant statistical differences were found. These findings were in line with previous
results [47,48] and suggest that, due to the clinical similarities between the athlete and
non-athlete groups, similar clinical approaches may be appropriate.
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When examining clinical symptoms of ED, we found differences in body dissatisfac-
tion, where lower mean values in the ED-A group were reported. It has been suggested
that, while professional sports imply high physical demands, becoming involved in sports
practice could be linked with a better perception of body shape [49,50]. Some underlined
potential reasons for this difference could be due to the fact that the athlete’s figure may be
closer to society’s ideal body [51] and that athletes may have increased appreciation for the
functionality of the body but not so much for its shape [52].

Regarding psychopathology, the ED-A group showed less global psychological dis-
comfort. In our sample, sports practice seemed to play a protective role in terms of
psychopathology and, whereas some authors have considered that even elite sport can act
as a protective factor in mental health [53,54], others have considered that the need for high
performance could act as a trigger for psychological discomfort with elevated anxiety and
depression, as well as obsessive symptoms [55–59] and substance addiction [9,27].

Similarly, when analyzing the personality profile, personality traits did not differ
between our clinical samples of athletes and non-athletes. However, special attention
should be paid to traits, which have been largely associated with predisposing personality
traits to ED [60,61] but could be considered as beneficial for athletic performance, referred
to as “the good athlete” [47] or “athletic personality” [62], such as perfectionism, obsession,
overcompliance and harm avoidance. This is especially true in light of previous studies
on the normalization of pain, injury and mental overload, as well as the prevalence of
presentism in elite athletes [20–23].

Within the analysis performed in the ED-A group, some differences emerged between
the type of sport. Individual sports presented a higher severity in ED symptoms, more
psychopathology and higher self-transcendence and lower cooperativeness as personality
traits. Interestingly, the cooperativeness mean score in the team sports group was within
normal values for the general population, which may suggest a positive effect of the
collaborative teamwork associated with these sports. These findings were consistent with
previous research that showed that, in individual sports, athletes were more individualistic
and sought their own goals more than having fun when practicing the sports [63]. The
aesthetic sports group in this study, and according to the literature [26,64–66], showed the
most dysfunctional profile, with higher rates in ED symptoms and maladaptive personality
traits, as higher scores in harm avoidance and lower scores in self-directedness were
identified; this added to their greater concern about body shape and could determine why
it took longer for them to seek help [25]. Therefore, in this group of patients, prevention
and early diagnosis may be the most important aspects, as, once the disorder is established,
it could be difficult to adhere to treatment since, on many occasions, they experience the
ED symptoms in an ego-syntonic way with their personality and sport values and goals.

4.2. Response to Treatment

When comparing ED-A and ED-NA, no differences were observed regarding the
treatment outcome or dropouts. These results were expected, considering the lack of
differences in clinical and personality features between these groups. This reaffirmed the
idea that no differential treatments are needed and that similar clinical approaches may
be appropriate. However, special attention should be paid to athletes who, as part of an
outpatient program, would be reluctant to undergo treatment because of the impact it may
have on their sporting goals [24,67].

As we expected, the subgroup of aesthetic sports showed higher rates of dropouts
and bad outcome than the non-aesthetic sports. These results were in accordance with
the fact that these patients experienced more severity in clinical ED symptoms [26] and
maladaptive personality features [68] that could condition worse prognoses and risks of
chronicity. Additionally, in individual sports, especially aesthetic ones, body shape and
leanness were associated with the misconception of maximizing performance and therefore
it probably took longer to seek help and increased the risk of chronicity; thus, prevention
and early intervention in this subgroup would be especially necessary.
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4.3. Predictive Factors of Therapeutic Success

In our analysis, for the athletes’ subgroup, the predictors of worse treatment outcome
had higher levels in the obsessive–compulsive, self-directedness and self-transcendence
scales. The presence of obsession compulsiveness could imply difficulty in modifying
cognitions and, thus, could hinder adherence to treatment. High rates of self-directedness,
which is the ability to adapt behavior to achieve personal goals, and self-transcendence,
which includes idealism, could predict worse treatment outcomes in this group of patients
due to the aims and values of their sports practice and not with the disease. In ED,
some predictors of bad outcome have been related to premorbid depression, obsessive–
compulsive symptoms and long duration of disease [69–71]. Furthermore, different studies
have suggested the importance of personality traits in treatment outcomes of ED. TCI
dimensions [36], such as low self-directedness and low cooperativeness, have been related
to more likelihood in not finishing treatment [72,73], while persistence was associated
with dropouts [74] and self-transcendence was predictive of premature termination of
hospitalization in an inpatient sample [75].

Our analysis of predictor factors seemed consistent with the fact that there are no
clinically relevant differences between ED-A and ED-NA. As similar treatment approaches
seem to be appropriate, it is necessary to individually evaluate a correct way to implement
exercise programs in the ED population. Even though in the professional athlete population
it is important to pay special attention at the beginning of their career in order to recognize
early ED symptomatology, it is imperative to follow the evolution during their careers,
principally once they finish their professional activity. Our results showed a wide variability
in the age of onset of ED, displaying that the pathology in some athletes may start when the
professional activity is over. Some evidence suggests that retired professional athletes may
be at high risk of mental health problems, including anxiety and depression symptoms [68].
Further studies are needed to understand what happens regarding the ED symptoms once
the professional athlete retires.

The benefits of physical activity for mental health have been widely demonstrated,
both for mental health symptoms and for the prevention of mental disorders [76,77].
However, due to the high incidence of dysfunctional exercise in patients with ED, some
specialists prefer to limit physical activity during treatment [78]. Nevertheless, a growing
number of studies have shown that incorporating physical activity into the routine care of
these patients can improve ED symptomatology and can be an effective intervention for the
management of these disorders [79–84]. Experienced clinicians have reaffirmed the need
to incorporate physical activity into ED treatment protocols within a psychotherapeutic
approach, not only for the physical and mental health benefits but also to help patients
learn how to engage in exercise in an adaptive manner [85].

Some limitations of our study should be noted. The retrospective and self-reported
data collection could limit the validity and the reliability of our findings. The sample of
this study was collected in a specialized eating disorders’ unit; this could imply more
severity of the disease and comorbidities in this group of patients. The small sample
size was another limitation. We performed a power analysis for the mean comparisons
between the ED-NA group versus the ED-A group (sample sizes equal to 52 per group),
with the assumption of comparing T-standardized measures (which are common in clinical
areas and are generated on the basis of reference population-based samples with a mean
equal to 50 and a standard deviation equal to 10) and potential differences delta of at least
10 points between the conditions. This analysis provided a power equal to 0.71 (close to,
but below, the reference threshold in the scientific area, 1 − β = 0.80). A second analysis
was performed, also considering two independent mean-comparisons, but for sample sizes
of 42 and 10 (the most disadvantaged situation in the study). This new calculation provided
a power equal to 0.42 (well below the 0.80 threshold). Contrariwise, a strength of this
study was the clinical sample of professional athletes with ED that was analyzed. There
are scarce amounts of studies examining clinical samples of patients with proper eating
disorder diagnosis who go through a protocolized standardized treatment, compared with
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non-athlete eating-disorder patients. However, in this study, we were not able to consider
some important variables, such as excessive training or body composition, which would
have been valuable variables to include. It would be interesting for future studies to include
this information when analyzing these populations.

5. Conclusions

In conclusion, no major clinical differences were observed between athletes and non-
athletes with ED, so similar treatment strategies could be appropriate for both groups.
Nevertheless, some differences emerged regarding seeking treatment that should be consid-
ered. Therefore, investigating the role of professional sport performance in these outcomes
may help to better understand these interactions and introduce new interventions based
on the development of strategies that include exercise supervised by mental health exercise
prescription specialists to improve body image concerns and psychological symptoms. We
believe that physical activity needs to be included in ED guidelines and further research
should be conducted to elucidate this paradigm shift in ED, especially in some types of AN
and BN.

On the other hand, individual and aesthetic sports have shown a higher risk of worse
prognosis and chronicity for athletes. Therefore, an effort should be made to develop
preventive and early detection programs involving sports doctors, coaches and family,
as well as sports psychologists, who should not only be concerned with performance
and motivation but also with prevention and detection of early mental diseases. These
programs must be carried out throughout athletes’ sporting lives, from the beginning of
sports practice to after retirement.
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Abstract: Eating disorders are vulnerability factors that increase the likelihood of intimate partner
violence. However, the mechanisms underlying this relationship are unclear. Although eating
disorders have been associated with increased perception and fear of loneliness, they have also been
associated with increased social withdrawal resulting from decreased enjoyment of social situations
and poorer social functioning. The purpose of the present study was to examine the mediating role
of fear of loneliness in the relationship between the behavioural characteristics of eating disorders
and intimate partner violence, as well as to explore the moderating role of social withdrawal in the
relationship between fear of loneliness and intimate partner violence. The sample comprised 683
participants (78% female and 22% male) with a mean age of 21.14 years (SD = 2.72). The psychometric
scales used were Eating Disorders Inventory (EDI 2), Emotional Dependency Questionnaire (EDQ),
Coping Strategies Inventory (CSI) and the Violence Received, Exercised and Perceived in Youth and
Adolescent Dating Relationships Scale (VREPS). The hypothesised model was tested by path analysis
using maximum likelihood. The path analysis of the hypothesised model showed that inefficacy, fear
of maturity, and impulsivity were the behavioural characteristics of eating disorders predominantly
related to fear of loneliness. Fear of loneliness had no direct significant effect on any of the received
violence variables. However, interaction effects indicated that there was a moderately significant
effect of fear of loneliness on physical, psychological, and social violence received as a function
of levels of social withdrawal. These findings show the need to take into account and work on
fear of loneliness and social withdrawal among individuals with an eating disorder to decrease the
likelihood of establishing violent intimate partner relationships. Improving interpersonal functioning
and social support is key to recovery from eating disorders.

Keywords: eating disorders; intimate partner violence; violence received; social withdrawal; fear of
loneliness; vulnerability factors; path analysis

1. Introduction

Eating Disorders (EDs) are serious psychiatric disorders [1] that significantly impair
the physical and psychological health of sufferers. Moreover, the mortality rate is one of the
highest compared to other psychiatric conditions (5–10%) [2,3]. Currently, the main types
of EDs that individuals suffer from worldwide are anorexia nervosa, bulimia nervosa, and
binge eating disorder [4], characterised by persistent disturbance of eating behaviour [5].
It has been estimated that EDs affect 15% of the world population and their incidence
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continues to increase. Moreover, they begin to manifest themselves between early and late
adolescence. It is at this stage of the life cycle that important physical, psychological and
neuronal changes occur [6]. Its aetiology is multifactorial, and psychological, developmen-
tal, biological and/or sociocultural factors may influence it. However, the aetiology is not
yet fully elucidated. In recent years, the need for further research has been noted [2,7].

In addition to the deterioration produced in physical and psychological health, EDs
can also negatively impacts social functioning [8–11]. The perception of loneliness has
been found to be present in individuals with this problem, and it is considered a negative
emotion that contributes to and increases their symptomatology. Moreover, EDs also
exacerbate feelings of loneliness [12]. Perceived loneliness is defined as emotional distress
stemming from a feeling of rejection or isolation by others or the lack of a social partner to
lean on and engage in activities with. Moreover, it has been shown to severely influence
individuals’ quality of life [13,14].

Recent research has highlighted the feeling of loneliness as one of the most commonly
present issues among young adults [15]. However, very few studies have examined the
feeling of loneliness in emerging adulthood [16] and even fewer in Spain (where the present
study was carried out) in relation to EDs. Understanding the relationship between EDs and
fear of loneliness is vital to address these intense emotions within prevention and treatment
programs. Therefore, it is important to analyse the impact exerted by the fear of loneliness
among individuals with this problem [12,17].

In addition, previous studies have noted the use of dysfunctional coping strategies
by individuals with an ED [18,19] that contribute to the aetiology and maintenance of
this problem [6,20]. Therefore, the behaviours characteristic of EDs can be employed as
dysfunctional coping mechanisms to regain control over stressful circumstances [21]. More
specifically, findings suggest that individuals with an ED predominantly employ coping
strategies based on self-criticism and social isolation. Furthermore, the importance of
further research has been pointed out because coping strategies play an important role
in the prognosis and treatment of EDs [22], especially social isolation. Empirical studies
suggest that social isolation and low sense of social support increase ED symptomatology
and have a detrimental impact on recovery [23–26]. This may be because social isolation
promotes increased maladaptive eating habits and body dissatisfaction [27]. Therefore,
it has been noted that social support and adaptive social functioning are key to a more
effective and complete recovery [28,29].

Likewise, the empirical literature has noted that EDs increase the probability of suf-
fering intimate partner violence (IPV) throughout life [30]. Therefore, the prevalence of
IPV among individuals with EDs is high [31]. It should be noted that previous literature
has also posited a bidirectional relationship between IPV and EDs because the direction
of causality can be in both directions [32]. However, the mechanisms underlying this
relationship are unclear. Previous studies have found that social isolation and fear of
loneliness are vulnerability factors for staying in violent relationships [33]. Despite this, the
role they play in the relationship between EDs and IPV has not been established. Conse-
quently, their study is of utmost importance in designing early and effective prevention
and intervention programs [34].

In recent years, this line of research examining the relationship between EDs and IPV
has gained relevance due to its clinical and prognostic implications. Therefore, the present
study’s main objectives were to: (i) analyse the relationships between core symptoms
traversing Eds; (ii) explore the mediating role of fear of loneliness in the relationship
between the behavioural characteristics of EDs and IPV; and (iii) explore the moderating
role of social isolation in the relationship between fear of loneliness and IPV. Based on
the aforementioned literature, the hypotheses of the present study were that: (i) the core
symptoms traversing EDs will have a significant direct effect on received partner violence;
and (ii) the core symptoms traversing EDs will have a significant indirect effect on received
partner violence through the mediating role of fear of loneliness and the moderating role of
social isolation.
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2. Method

2.1. Participants

The sample comprised 683 emerging Spanish adults who participated in a cross-
sectional survey study. The average age of the participants was 21.14 years old (SD = 2.72;
78% female and 22% male). The participants were mostly students (80.1%) and workers
(19.3%). The remaining participants were unemployed (0.6%).

2.2. Procedure

Participants were recruited through two channels: online and face-to-face. For the
online recruitment, surveys were made available through an online platform (surveymonkey.
com accessed on 1 January 2020). Participation was promoted through different social
networks and advertisements on research websites. For the face-to-face recruitment, partic-
ipants were recruited at the Complutense University of Madrid and at gyms in the Madrid
community. The only exclusion criterion was being under 18 years of age. All participants
gave their informed consent by confirming or clicking on a button indicating that they had
read the study information and agreed to participate voluntarily. The study followed the
ethical principles of the 2013 Helsinki Declaration and was approved by the research team’s
university ethics committee.

2.3. Instruments

Eating disorder characteristics. The Eating Disorders Inventory-2 (EDI-2) [35] was used
to assess clinically relevant behaviours and psychological traits that accompany EDs. The
EDI-2 consists of 91 items divided into 11 scales (obsession with thinness, bulimia, body
dissatisfaction, inefficacy, perfectionism, interpersonal distrust, interoceptive awareness,
fear of maturity, asceticism, impulsivity and social insecurity). All items (e.g., “I tend to eat
when I am upset”; “I find it difficult to express my emotions to others”; “I think my stomach is too
big”) are rated on a six-point scale from 0 (“Never”) to 5 (“Always”). The higher the scores
obtained on each scale, the greater the manifestations of the trait evaluated. The internal
consistency (Cronbach’s α) of the subscales in the present study ranged from 0.73 to 0.90.

Fear of loneliness. The fear of loneliness subscale from the Emotional Dependency
Questionnaire (EDQ) [36] was used to assess fear of loneliness. All items (e.g., “I feel
helpless when I am alone”; “I feel a strong sense of emptiness when I am alone”; “I cannot tolerate
loneliness”) are rated on a six-point scale from 1 (“Completely untrue of me”) to 6 (“Describes
me perfectly”). The higher the score obtained, the greater the fear of loneliness. The internal
consistency in the present study was α = 0.82.

Social avoidance. The Coping Strategies Inventory (CSI) [37] was used to assess social
avoidance. The scale assesses eight styles of coping with stressful situations by means of
41 items (problem solving, cognitive restructuring, social support, emotional expression,
problem avoidance, desiderative thinking, social withdrawal, self-criticism). All items (e.g.,
“I avoided being with people”; “I didn’t let anyone know how I felt”) are rated on a five-point
scale from 0 (“Not at all”) to 4 (“Completely”). The higher the score obtained, the greater the
social avoidance. The internal consistency in the present study was α = 0.74.

Received violence. The Violence Received, Exercised and Perceived in Youth and Adoles-
cent Dating Relationships Scale (VREPS) [38] was used to assess received violence. The scale
comprises 28 items including five violence subscales (physical violence, sexual violence, so-
cial psychological violence, psychological violence humiliation–coercion, and psychological
violence control-jealousy) and encompassing three aspects of violence: received, exerted,
and perceived. For violence received and exercised, items (e.g., “My boyfriend/girlfriend tells
me to change the way I dress, do my hair . . . and criticizes it”; “My boyfriend/girlfriend wants to
know where I am at all times and who I am with”; “My boyfriend/girlfriend has run out of friends
because I didn’t like them and told him/her not to be with them”) are rated on a six-point scale
(0 “Never”, 1 “Once”, 2 “From 2 to 5 times”, 3 “From 6 to 10 times”, 4 “From 11 to 15 times” and
5 “More than 15 times”) and for perceived violence items (e.g., “My boyfriend/girlfriend has
forced me to have sex (any kind of oral or penetration) when I did not want to. Is this violence?”) are
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rated on a five-point scale (1 “No violence”, 2 “Little violence”, 3 “Somewhat violent”, 4 “Quite
violent” and 5 “Very violent”). In addition, participants indicate whether they consider
the situations mentioned to be violence. The higher the score obtained, the greater the
received violence. In the present study, the violence received was of particular interest
in the analysis. The internal consistency of the five subscales of received violence in the
present study ranged from α = 0.82 to 0.89.

2.4. Statistical Analysis

Data analyses were carried out using Mplus 7.0 [39]. The hypothesised model was
tested by path analysis using maximum likelihood. Following the model described in
Figure 1, the model included the eating disorder characteristics (i.e., obsession for thinness,
bulimia, body dissatisfaction, ineffectiveness, perfectionism, interpersonal distrust, inte-
roceptive awareness, fear of maturity, asceticism, impulsiveness and social insecurity) as
independent variables, received violence as the dependent variable (i.e., physical, sexual,
psychological humiliation–coercion, psychological control-jealousy and social), the fear
of loneliness as the mediator, and social withdrawal as the moderator in the relationship
between the mediator and the dependent variables. Gender and age were included as
controls in the model.

Figure 1. Hypothesised model.

The adequacy of the proposed model was analysed according to the following model
fit indicators: ratio of chi-square (χ2) and the degrees of freedom, the comparative fit
index (CFI), the Tucker–Lewis index (TLI), the root mean squared error of approximation
(RMSEA), and the standardised root mean square residual (SRMR). Values of χ2/df of
<3.0, CFI and TLI ≥ 0.90, and RMSEA and SRMR < 0.08 were considered indicators of
good fit [40].

In order to test the moderated mediation, the direct effect of EDCs (eating disorder
characteristics) on the dependent variables was included, and the variables of the products
were standardised. Additionally, the analysis adapted the code provided by Stride et al.
(2015) [41] in Model 1 and Model 14 to test the simple slopes of the direct and indirect effects.
For the computation of the indirect effects, bootstrap was applied with 5000 samples. All
significant moderations and moderated-mediations were tested at low (−1.5 SD), average
(at the mean) and high levels (+1.5 SD) of the moderator to examine simple slopes.

3. Results

First, the descriptive statistics of the sample and the correlations between the study
variables were calculated (see Tables 1 and 2). Some of the EDCs were not significantly
correlated with any of the received violence indicators (i.e., bulimia, body dissatisfaction
and fear of maturity). Fear of loneliness and social withdrawal were significantly correlated
with all variables.
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Table 1. Descriptive statistics and reliability of the study variables (n = 683).

Variables
Means and Standard Deviations Reliability

M SD Min Max α CR AVE

Eating disorder characteristics
Obsession for thinness 13.68 9.30 0 35 0.90 0.93 0.64
Bulimia 9.10 6.08 0 32 0.80 0.85 0.46
Body dissatisfaction 20.39 7.18 2 41 0.89 0.91 0.54
Ineffectiveness 15.14 8.78 0 48 0.88 0.90 0.48
Perfectionism 11.60 5.67 0 30 0.73 0.82 0.43
Interpersonal distrust 11.92 5.97 0 32 0.73 0.82 0.41
Interoceptive awareness 17.74 8.76 0 45 0.84 0.88 0.43
Fear of maturity 19.18 6.43 2 40 0.73 0.81 0.35
Asceticism 12.31 6.20 0 40 0.73 0.81 0.36
Impulsiveness 14.44 8.44 0 55 0.82 0.86 0.36
Social insecurity 13.84 6.51 0 40 0.79 0.84 0.41

Fear of loneliness 5.53 2.99 2 18 0.82 0.90 0.74
Social withdrawal 5.80 4.11 0 20 0.74 0.83 0.50
Received violence

Physical 0.21 0.55 0 5 0.82 0.89 0.61
Sexual 0.33 0.73 0 5 0.88 0.91 0.64
Psychological humiliation–coercion 0.41 0.82 0 5 0.88 0.91 0.63
Psychological control-jealousy 0.60 0.96 0 5 0.89 0.92 0.65
Social 0.28 0.67 0 4.6 0.85 0.90 0.65

Note. Min = Minimum; Max = Maximum; α = Cronbach’s alpha; CR = Composite reliability; AVE = Average
variance extracted.

Second, the path analysis of the hypothesised model was performed. All model fit in-
dicators showed a good fit of the model, χ2/df = 2.26, CFI = 0.99, TLI = 0.95, RMSEA = 0.04,
SRMR < 0.01. Therefore, the model adequately explained the study data. As displayed in
Table 3, the direct effects showed that ineffectiveness, fear of maturity, and impulsiveness
were the EDCs related to fear of loneliness. Fear of loneliness had no direct significant
effect on any of the variables of received violence. However, the interaction effects in-
dicated that there was a significant moderated effect of fear of loneliness on physical,
psychological humiliation–coercion, and social received violence depending on the levels
of social withdrawal.

Based on the exposed variables, the simple slopes were examined to understand
the moderation effects. Simple slopes showed that higher fear of loneliness was signifi-
cantly related to more physical violence (β = 0.16, SE = 0.03, p < 0.001) and psychological
humiliation–coercion received violence (β = 0.11, SE = 0.05, p = 0.028) when the social
withdrawal was high, but there was no significant relationship when the social withdrawal
was low (physical: β = −0.07, SE = 0.03, p = 0.063; psychological humiliation—-coercion:
β = −0.06, SE = 0.05, p = 0.281) or medium (physical: β = 0.16, SE = 0.03, p = 0.053; psycho-
logical humiliation—-coercion: β = 0.02, SE = 0.03, p = 0.444).

Regarding social received violence, the simple slopes indicated that greater fear of
loneliness was significantly related to lower social received violence when the social with-
drawal was low (β = −0.19, SE = 0.04, p = 0.043), but was related to greater social violence
when the social withdrawal was high (β = 0.13, SE = 0.04, p = 0.002). The relationship at
medium levels of social withdrawal was not significant (β = 0.01, SE = 0.02, p = 0.499).

As a final step, the moderated mediation of the EDCs was tested on the variables
of received violence (see Table 4). The indirect effects of ineffectiveness, fear of maturity
and impulsiveness on physical violence, and social received violence, through fear of
loneliness, were significant only at high social withdrawal levels. However, none of the
indirect effects on psychological humiliation–coercion received violence was significant,
although a tendency was observed towards high social withdrawal levels.
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Table 3. Standardised direct and interaction effects of the model based on path analysis.

Dependent Variables

Received Violence

Independent
Variables

Fear of
Loneliness

Physical Sexual
Psychological
Humiliation–

Coercion

Psychological
Control-
Jealousy

Social

β SE β SE β SE β SE β SE β SE

Eating disorder
characteristics

Obsession for
thinness −0.03 0.04 0.08 0.05 0.14 ** 0.05 0.06 0.05 0.10 * 0.05 0.06 0.05

Bulimia 0.02 0.04 −0.06 0.04 −0.08 0.05 −0.08 0.05 −0.09 * 0.04 −0.08 0.05
Body

dissatisfaction 0.05 0.04 −0.12 * 0.04 −0.09 * 0.04 −0.05 0.04 −0.04 0.04 0.04 0.04

Ineffectiveness 0.20 *** 0.05 −0.12 0.06 0.01 0.06 <−0.01 0.06 −0.08 0.06 <0.01 0.06
Perfectionism 0.05 0.04 <0.01 0.04 0.04 0.04 0.06 0.04 0.04 0.04 0.03 0.04
Interpersonal

distrust −0.03 0.04 −0.08 0.05 −0.03 0.05 −0.04 0.05 −0.02 0.05 −0.03 0.05

Interoceptive
awareness −0.04 0.06 0.14 * 0.06 <0.01 0.06 −0.03 0.06 0.01 0.06 <0.01 0.06

Fear of maturity 0.12 ** 0.03 0.03 0.04 −0.06 0.04 −0.03 0.04 −0.03 0.04 −0.05 0.04
Asceticism 0.09 0.05 <0.01 0.05 < 0.01 0.05 0.05 0.05 <0.01 0.05 0.05 0.05
Impulsiveness 0.17 ** 0.05 0.03 0.05 0.13 * 0.05 0.11 0.05 0.18 ** 0.05 0.06 0.05
Social insecurity <0.01 0.05 0.07 0.05 0.02 0.06 0.08 0.06 0.05 0.05 0.12 * 0.05

Fear of loneliness 0.08 0.04 0.03 0.04 0.03 0.04 0.04 0.04 0.02 0.04
Social withdrawal 0.06 0.04 0.07 0.04 0.03 0.04 0.07 0.04 0.04 0.04
Fear of loneliness X
Social withdrawal 0.15 *** 0.03 0.03 0.03 0.07 * 0.03 0.06 0.03 0.12 ** 0.03

r2 0.21 *** 0.07 *** 0.05 ** 0.04 ** 0.06 *** 0.05 **

Note. * p < 0.05, ** p < 0.01, *** p < 0.001.

Table 4. Moderated indirect effects of ineffectiveness, fear of maturity and impulsiveness on physical,
psychological humiliation–coercion and social received violence through fear of loneliness.

Dependent Variables
(Received Violence)

Physical
Psychological
Humiliation–

Coercion
Social

Independent
variables

Level of the moderator z p z p z p

Ineffectiveness
Low social withdrawal −1.65 0.099 −1.03 0.302 −1.76 0.078

Average social withdrawal 1.70 0.089 0.74 0.454 0.66 0.507
High social withdrawal 2.81 * 0.005 1.86 0.062 2.34 * 0.019

Fear of maturity
Low social withdrawal −1.60 0.109 −1.02 0.308 −1.71 0.088

Average social withdrawal 1.65 0.099 0.74 0.456 0.66 0.509
High social withdrawal 2.61 ** 0.009 1.80 0.071 2.22 * 0.026

Impulsiveness
Low social withdrawal −1.61 0.106 −1.02 0.306 −1.72 0.085

Average social withdrawal 1.66 0.096 0.74 0.456 0.66 0.508
High social withdrawal 2.66 ** 0.008 1.82 0.068 2.25 * 0.024

Note. * p < 0.05, ** p < 0.01.

4. Discussion

The main objective of the present study was to analyse the association between core
symptoms traversing eating disorders (EDs) and to explore the role of fear of loneliness
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and social isolation in relation to behavioural eating disorder characteristics (EDCs) and
intimate partner violence (IPV) received. First, it was hypothesised that core symptoms
traversing EDs would have a significant direct effect on received partner violence. Results
showed that some of the EDCs were not significantly associated with any of the received
violence indicators (e.g., bulimia, body dissatisfaction, and fear of maturity). However,
other indicators such as obsession for thinness, ineffectiveness, perfectionism, interoceptive
awareness, asceticism, impulsiveness, and social insecurity were all significantly and
positively related to received violence.

These results are in accordance with previous scientific literature that EDs increase the
likelihood of IPV among both females and males [30,31]. Although EDs have traditionally
been considered female disorders, recent evidence suggests that it is not uncommon among
males, and that males can present similar severe ED symptoms. In fact, there are specific
risk factors for developing EDs among young and adolescent males, such as body image
concerns related to muscularity and sexual orientation [1]. As mentioned, EDs can emerge
as maladaptive coping mechanisms that enable individuals to regain control over adverse
situations, as can be receiving violence [21,42].

Another factor associated with EDs and violence exposure among both sexes is social
isolation, which has been associated with adoption of unhealthy weight control prac-
tices [26]. With the aim of exploring more deeply the role of social aspects, the second
hypothesis was that core symptoms traversing EDs would have a significant indirect ef-
fect on received partner violence through the mediating role of fear of loneliness and the
moderating role of social isolation.

On the one hand, results showed that ineffectiveness, fear of maturity, and impulsivity
were the behavioural EDCs predominantly related to fear of loneliness. Fear of loneliness
had no direct significant effect on any of the received violence variables. Nevertheless,
interaction effects indicated a moderately significant influence of fear of loneliness on
physical violence, psychological humiliation—coercion, and social received violence as
a function of levels of social withdrawal.

It was also found that the indirect effects of ineffectiveness, fear of maturity, and
impulsiveness on physical and social received violence, through fear of loneliness, were
significant only at high social withdrawal levels. Results refine the understanding of
the relationship between social withdrawal and the development of EDs in individuals
exposed to partner violence. Individuals suffering loneliness appear to be more susceptible
to developing disordered eating patterns [43].

Participants in the present study are characterised as being young. Moreover, it
should be noted that emerging adulthood can be a critical period for developing mental
health problems [15,16]. In particular, EDs are frequently initiated in this period, especially,
considering the great relevance that acquire social interactions at this developmental
stage [18]. Fear of loneliness and social isolation are among the most common concerns
for young people, and results have evidenced their impact on the relation between EDs
and IPV [15].

For instance, the pandemic and subsequent social restrictions have limited and de-
prived individuals of social interaction resulting in decreased social support and similar
coping strategies in facing this unprecedented situation [44]. Therefore, eliminating social
protection factors when coping with adverse events could increase risk and symptoms
of ED [45]. In this sense, loneliness has been conceived as a mediator between emotional
dysregulation and eating disorders-related psychopathology [46].

This lack of perceived social support associated with the exposure to partner violence
could culminate in many psychological health consequences, such as depression, post-
traumatic stress, anxiety, and EDs, among other mental health illnesses [47]. Low levels
of social support have been related to increased risk of ED among women exposed to IPV.
Social support has shown protective effects against ED by decreasing levels of anxiety
and promoting mechanisms related to functional coping strategies [48]. However, IPV-
exposure and trauma history can precede the development of ED symptoms. The extant
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literature highlights the presence of childhood abuse among individuals suffering IPV and
EDs. Children who have experienced exposure to violent situations appear to be more
susceptible to developing EDs [30,49]. Other studies have identified specific aspects related
to altered-eating behaviours and IPV exposure including somatization, avoiding abuse,
coping, self-harm, and challenging abusive partners [42].

Overall, results in the present study confirm the bidirectional relationship between ED
and IPV, influenced by aspects such as fear of loneliness and social withdrawal. On the
one hand, it was observed that childhood abuse is highly related to both EDs and IPV, so it
could be considered a possible explanatory factor [32,49–51]. On the other hand, it should
be noted that the association between EDs and IPV also depends on the type of ED, due
to the fact that different EDs have diverse aetiology [52]. Nevertheless, the present study
highlights social-related aspects in explaining some of the mechanisms underlying this
bidirectional relationship between EDs and IPV. Individuals who suffer from EDs usually
show fear of loneliness and social isolation patterns, which are also consequences of IPV,
and could likewise derive in developing ED-related symptoms.

All of these aspects support the notion that ED-related behaviours are used as ways
to cope with adverse and stressful situations such as received violence. This could be
important information for therapists who work with those experiencing IPV and who
develop interventions for patients with clinical symptoms of an ED. Results emphasise the
importance of understanding the vulnerability and absence of coping resources among
individuals who suffer IPV and develop EDs, with the aim of designing interventions
focused on the promotion of coping through seeking social support and avoiding isolation.

5. Limitations

The present study has some limitations that should be noted. First, the cross-sectional
design employed in the present study does not allow determining conclusions in terms of
causality. Therefore, longitudinal studies are needed to determine any casual inferences
among different variables examined in the present study. Secondly, the sample in the
present study was limited to emerging adults, with an average age of 21 years old, therefore
results cannot necessarily be generalised to other age groups.

In future research, it would be interesting to extend the study to other age populations,
with the aim of exploring differences in ED-behaviour patterns and IPV related to social
isolation aspects in other developmental phases. In addition, the present study did not
explore differences by sex in the variables of interest. Efforts to increase the number of
male participants would be of utility with the objective of homogenising the sample and
analysing differences in ED patterns and different symptoms related to received violence
in relationships.

6. Conclusions

Eating disorders are vulnerability factors that increase the likelihood of intimate part-
ner violence. Nevertheless, the mechanisms underlying this relationship are unclear. The
present study has explored the influence of withdrawal as a result of decreased enjoyment
of social situations and poorer social functioning. Overall, the results of the present study
demonstrate the role of social-related aspects in the relationship between EDs and IPV.

It is suggested that individuals exposed to violent situations in relationships may
develop ED-related symptoms as a way of coping with adverse situations. However, this
relationship is not direct, and it appears that underlying mechanisms related to fear to lone-
liness and social withdrawal prevent the developing of coping resources for facing received
violence. These findings highlight the significance of working on fear of loneliness and
social withdrawal among individuals with an ED to decrease the likelihood of establishing
violent intimate partner relationships.

Future research should focus on finding ways of empowering victims through in-
creasing social support and promoting resilience and adaptive coping resources as ways
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to reduce exposure to violent situations. Improving interpersonal functioning and social
support is key to recovery from eating disorders.
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Abstract: Individual differences exist in perceived vulnerability to disease (PVD). PVD is associated
with negative responses (e.g., disgust) towards individuals with obesity and heightened sensitivity
regarding personal appearance. Through increasing fear of fat (FOF), PVD may be associated with
cognitive restraint and compensatory behaviors. We utilized an adult sample (n = 247; 53.3% male
sex assigned at birth) recruited through Amazon’s MTurk prior to the COVID-19 pandemic to
investigate associations between PVD, cognitive restraint and compensatory behaviors. Participants
completed the Perceived Vulnerability to Disease Scale, Eating Disorder Diagnostic Scale, Dutch
Eating Behaviors Questionnaire, and Goldfarb’s Fear of Fat Scale. Mediation analyses were used to
test our hypotheses. Perceived infectability (PVD-Infection) was associated with cognitive restraint
and compensatory behaviors through increased FOF. Perceived germ aversion (PVD–Germ) was
associated with cognitive restraint, but FOF did not mediate this association. Sex-stratified analyses
revealed no significant sex differences. PVD may be an overlooked factor associated with cognitive
restraint and compensatory behaviors in males and females. FOF was an important mediating factor
in these associations. Increased engagement in cognitive restraint and compensatory behaviors may
reflect attempts to reduce FOF. Future longitudinal research should explore whether PVD is a risk
factor for cognitive restraint and compensatory behaviors.

Keywords: cognitive restraint; compensatory behaviors; perceived vulnerability to disease; fear of fat

1. Introduction

The coronavirus pandemic has brought the dangers of infectious disease to the fore-
front, but the dangers of pathogen transmission are not new. The near-constant threat
of disease has fostered the development of defense mechanisms to protect our bodies
from new and potentially deadly disease threats. The most well-known of these defenses
is the immune system, which destroys pathogens detected within the body. However,
humans also seem to have a second immune system known as the “behavioral immune
system” [1–3] which, in contrast to the role of the reactive physiological immune system in
combating internal pathogens, proactively prevents infection by facilitating detection of
sensory cues (e.g., physical characteristics) in the environment that may indicate risk of
disease exposure [1–3].

Perceived vulnerability to disease (PVD) is a trait-level indicator of behavioral immune
activity that reflects both perceived infectability (PVD-Infection), a personal belief about
susceptibility to infectious disease (e.g., if a disease is going around you will get it [4])
and germ aversion (PVD-Germ), the level of emotional discomfort experienced in situa-
tions where risk of disease transmission is high (e.g., someone sneezing without covering
their mouth [4]). From an evolutionary perspective, PVD is highly beneficial to survival.
Heightened sensitivity to environmental cues and higher perception of personal risk both
encourage early detection and avoidance of potentially deadly pathogens before they can
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enter the body [3]. However, detection processes within the behavioral immune system are
not perfect—because we cannot directly observe pathogens, these processes are sensitive to
cues associated with disease but also can activate in response to cues that merely resemble
or are heuristically associated with disease threat [3]. For example, physical characteristics
(e.g., accident-related limb amputations), which are logically irrelevant to disease trans-
mission, may activate this system and can result in negative responses toward the person
associated with the cue [3,5].

1.1. Obesity as a Disease Cue

Obesity is a physical characteristic and chronic disease associated with disease-related
perceptions [2,6,7]. Individuals with higher PVD are more likely to label individuals who
appear heavier as obese [8] and are more prone to stigmatize individuals with higher body
weight [6,8–11]. PVD has been directly associated with negative behavioral (e.g., avoidance)
and cognitive (e.g., disgust) responses towards individuals with obesity [3]. PVD has also
been associated with heightened sensitivity regarding one’s own appearance, including
weight-related features [12]. Heightened attention to one’s own appearance combined
with increased weight stigma may lead individuals with higher PVD to develop a fear of
fat (FOF, i.e., avoidance of or aversion to fatness [13,14]) regarding their own body. Thus,
heightened perceptions of vulnerability to disease could contribute to disordered eating
behavior due to heightened FOF.

1.2. Fear of Fat and Disordered Eating

FOF is associated with cognitive restraint and compensatory behaviors [15–17]. Cog-
nitive restraint refers to the desire to control or restrict food consumption (regardless of
success [18,19]). Cognitive restraint is associated with FOF in clinical [20,21] and commu-
nity samples [16,22–25]. FOF is also associated with restrictive eating disorders marked by
compensatory behaviors (i.e., anorexia nervosa, bulimia nervosa [18,26–28]. Compensatory
behaviors (e.g., fasting, abuse of laxatives/diuretics, vomiting, excessive exercising) are in-
tended to counteract caloric intake to achieve a desired shape/weight or avoid fatness [18].
If PVD is also associated with FOF, then PVD may be a factor contributing to both cognitive
restraint and compensatory behaviors.

1.3. The Current Study

We investigated the hypothesis that greater PVD is associated with cognitive restraint
and compensatory behaviors through FOF in a community sample of 247 adults (age 21–70).
This is (to our knowledge) the first study to investigate whether two dimensions of PVD
(perceived germ aversion and perceived infectability) are associated with FOF, cognitive
restraint and compensatory behaviors.

Female participants have been found to have higher PVD [4] and to be more prone to
cognitive restraint and eating disorders than male participants [29]. Thus, we decided a priori
to conduct exploratory sex-stratified analyses to investigate potential sex differences in the
associations between PVD and FOF with cognitive restraint and compensatory behaviors.

2. Materials and Methods

2.1. Participants

We conducted secondary analyses using data from participants recruited on Amazon’s
Mechanical Turk platform (MTurk) in 2019 prior to the COVID-19 pandemic. Participants
completed questionnaires on their beliefs, behaviors, thoughts, and feelings related to
eating and drinking (Qualifications: U.S. Location, HIT Approval Rate > 95%, Age > 18).
Additional information (e.g., quality assurance steps) can be found in previously published
work [30]. Original data have been shared on the Open Science Framework at https:
//osf.io/8kspw/, accessed on 10 August 2019.

All available data (n = 247, 53.3% male sex at birth) were included in the current
study. The average age of participants was 36.8 years old (SD = 11.3, min–max = 21–70).
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The racial/ethnic distribution of the study was: 74.5% White, 15.4% Black, 6.9% His-
panic/Latinx, 4.5% Asian, 2.4% American Indian or Alaskan Native, and 0.8% other (per-
centages exceed 100% because participants could select one or multiple race/ethnicity). The
sample overall was well-educated (12.1% high-school graduates, 18.2% some college, 9.7%
associates degree, 47.4% bachelor’s degree, and 12.6% advanced degree (masters, Ph.D.,
M.D., J.D., etc.) Average participant body mass index (BMI) was “overweight” (M = 26.3,
SD = 5.9, min–max = 17.7–55.8) with 3.1% of participants “underweight”, 42.3% “normal”
weight, 36.6%, “overweight”, and 18.1% “obese”. Additional information about sample
characteristics is presented in Table 1.

Table 1. Demographic characteristics.

n (%)

Age (M = 36.8, SD = 11.3, min–max = 21–70)

21–29 73 (29.6%)
30–39 101 (40.8%)
40–49 33 (13.4%)
50–59 23 (9.3%)
60–69 16 (6.5%)
70 1 (0.4%)

Sex at Birth

Male 131 (53.3%)
Female 115 (46.7%)

Racial Identity ±

American Indian/Alaskan Native 6 (2.4%)
Hispanic/Latino 17 (6.9%)
Asian 11 (4.5%)
Black/African American 38 (15.4%)
White 184 (74.5%)
Other 2 (0.8%)

Education

High school graduate 30 (12.1%)
Some college 45 (18.2%)
Associates degree 24 (9.7%)
Bachelor’s degree 117 (47.4%)
Advanced degree 31 (12.6%)

Income

Less than USD 10,000 15 (6.1%)
USD 10,000–USD 19,999 18 (7.3%)
USD 20,000–USD 29,999 31 (12.7%)
USD 30,000–USD 39,999 45 (18.4%)
USD 40,000–USD 49,999 31 (12.7%)
USD 50,000–USD 59,999 25 (10.2%)
USD 60,000–USD 69,999 19 (7.8%)
USD 70,000–USD 79,999 20 (8.2%)
USD 80,000–USD 89,999 8 (3.3%)
USD 90,000–USD 99,999 10 (4.1%)
USD 100,000–USD 149,999 16 (6.5%)
More than USD 150,000 7 (2.9%)
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Table 1. Cont.

n (%)

Subjective Socioeconomic Status ¥

1 3 (1.2%)
2 19 (7.7%)
3 32 (13.0%)
4 32 (13.0%)
5 60 (24.3%)
6 32 (13.0%)
7 35 (14.2%)
8 23 (9.3%)
9 9 (3.6%)
10 2 (0.8%)

BMI (M = 26.3, SD = 5.9, min–max = 17.7–55.8)

Underweight (BMI < 18.5) 7 (3.1%)
Normal Weight (BMI 18.5–24.9) 96 (42.3%)
Overweight (BMI 25.0–29.9) 84 (36.6%)
Obese (BMI > 30) 41 (18.1%)

Notes: Differences in n are due to “prefer not to answer” responses. ± Percentages for Race/Ethnicity exceed 100%
because of the option to select multiple response options. ¥ Subjective Socioeconomic Status indicates participants
self-ranking on a ladder representing people in the US with 10 = people who are best off (most money, most
education, most respected jobs) and 1 = worst off (least money, least education, least respected jobs).

2.2. Procedures

Research procedures were approved by the University of Michigan Institution Review
Board in accordance with provisions of the World Medical Association Declaration of
Helsinki. Participants consented and completed questionnaires in randomized order
through the MTurk platform. Participants were compensated USD 1.00 for their time
(~25 min).

2.3. Measures
2.3.1. Perceived Vulnerability to Disease Scale (PVD)

The Perceived Vulnerability to Disease Scale (PVD) [4] is a 15-item questionnaire that
measures trait-level concerns about the transmission of infectious diseases. Participants
rated each item on a 7-point Likert scale (1 = strongly disagree to 7 = strongly agree).
The PVD questionnaire measures two factors: perceived germ aversion (PVD-Germ) and
perceived infectability (PVD-Infection). Subscales were scored by averaging the items. The
PVD-Germ subscale measures affective response to situations where pathogen transmission
is likely (e.g., It really bothers me when people sneeze without covering their mouth,
M = 4.4, SD = 1.1, min–max = 1.1–7.0, α = 0.76). The PVD-Infection Subscale assesses
subjective beliefs about one’s own susceptibility to infectious disease as well as one’s
personal beliefs about their immune functioning (e.g., In general, I am very susceptible to
colds, flu and other infectious diseases, M = 3.4, SD = 1.2, min–max = 1.0–7.0, α = 0.82).

2.3.2. Goldfarb Fear of Fat Scale (FOF)

The Goldfarb Fear of Fat Scale (FOF) [26] is a 10-item measure developed to differen-
tiate normal versus abnormal FOF for early identification of patients at risk for bulimia
nervosa. Participants rate how representative each statement is on a 4-point scale (1 = very
untrue to 4 = very true). Questions include, “I am afraid to gain even a little weight”,
and, “If I eat even a little, I may lose control and not stop eating”. The scale is scored by
averaging all items (M = 2.4, SD = 0.9, min–max = 1.0–4.0, α = 0.92).

2.3.3. Dutch Eating Behaviors Scale (DEBQ)

The Dutch Eating Behaviors Scale [19] is a 33-item self-report scale assessing restraint,
emotional, and external eating behaviors. Participants answer questions about their eating
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behaviors on a 5-point scale (1 = Never to 5 = Always). Only the restraint subscale was
included in analyses. Questions included on the restraint scale ask about frequency of
engagement in cognitive restraint, such as “Do you try to eat less at mealtimes than you
would like to eat?” The restraint subscale was calculated by averaging the 10 restraint items
(M = 3.0, SD = 1.0, min–max = 1.0–5.0, α = 0.94).

2.3.4. Eating Disorder Diagnostic Scale (EDDS)

The Eating Disorder Diagnostic Scale [31] is a brief, self-report measure of eating
disorder diagnostic criteria (DSM–IV). Questions asked about the average number of
occurrences of eating disorder symptoms per week over the past 3 months, for example,
“How many times per week on average over the past 3 months have you made yourself
vomit to prevent weight gain or counteract the effects of eating?” This scale assesses 4 types
of compensatory behaviors (vomiting, laxatives/diuretics, excessive exercising, fasting)
and possible scores range from 0 to 14 for each behavior. Endorsement was highest for
fasting (M = 3.5, SD = 4.1, min–max = 0–14) followed by exercise (M = 2.9, SD = 4.1,
min–max = 0–14), vomiting, (M = 2.3, SD = 4.2, min–max = 0–14) and laxative/diuretics
(M = 2.2, SD = 3.9, min–max = 0–14). A compensatory eating behavior subscale was created
by summing the total number of compensatory behaviors endorsed on these 4 questions
(M = 10.8, SD = 15.6, min–max = 0.0–54.0, α = 0.95).

2.4. Data Analytic Plan

Analyses were conducted in IBM SPSS Statistics version 27, IBM Corp, Armonk,
NY, USA [32]. Data were reviewed for normality, outliers (±3 SD), and missing values.
Distributions met normality assumptions. Missing data were highest for BMI (n = 19). All
other missing data ranged from n = 0 to n = 4. Missing data were removed using pairwise
deletion. Thus, differences in n are a result of missing data.

Zero-order correlational analyses were conducted between demographic variables
(age, sex, race/ethnicity, education, and BMI), cognitive restraint and compensatory behav-
iors to identify potential covariates (see Table A1). We created dummy codes for biological
sex at birth (0 = male, 1 = female), race/ethnicity (0 = non-White, 1 = White), and education
level (0 = associates or lower, 1 = bachelors or higher). Education was positively correlated
with cognitive restraint (r = 0.20, p = 0.001) and compensatory behaviors (r = 0.29, p < 0.001).
Including education in regression models for the relations of PVD subscales with cognitive
restraint and compensatory behaviors did not alter significance (see Table A2). Thus, we
report the unadjusted models.

Correlational analyses were conducted to investigate the hypothesized associations
between PVD subscales, FOF, cognitive restraint and compensatory behaviors. Separate
mediational analyses were conducted using the SPSS PROCESS Model 4 macro [33] to
investigate whether FOF mediated the associations between PVD subscales, cognitive
restraint, and compensatory behaviors. Both PVD subscales were included in the same
model to account for shared variance between the subscales [4]. We used 10,000 bootstrap
samples to create 95% bias-corrected confidence intervals to test the significance of indirect
effects. Significance at p < 0.05 was indicated if the 95% confidence interval did not
include zero. Sex-stratified mediation analyses were also conducted to investigate potential
sex differences.

3. Results

3.1. Associations between PVD Subscales, Cognitive Restraint and Compensatory Behaviors

Table 2 presents zero-order correlations between PVD subscales, FOF, cognitive re-
straint and compensatory behaviors. PVD-Germ was positively associated with FOF
(r = 0.15, p = 0.02) and cognitive restraint (r = 0.18, p = 0.005), but was not significantly
associated with compensatory behaviors (r = 0.03, p = 0.66). PVD-Infection was posi-
tively associated with FOF (r = 0.45, p < 0.001), cognitive restraint (r = 0.21, p = 0.001) and
compensatory behaviors (r = 0.35, p < 0.001).
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Table 2. Zero-Order Correlation Matrix PVD, FOF, Cognitive Restraint, and Compensatory Behaviors.

PVD-Germ PVD-Infection FOF Cognitive Restraint Comp Behaviors

PVD–Germ
r 0.25 *** 0.15 * 0.18 ** 0.03
n 245 245 245 245

PVD–Infection
r 0.45 *** 0.21 ** 0.35 ***
n 245 245 245

FOF
r 0.65 *** 0.60 ***
n 246 246

Cognitive Restraint r 0.48 ***
n 247

Comp Behaviors r
n

Notes: * indicates significance at p < 0.05. ** indicates significance at p < 0.01. *** indicates significance at p < 0.001.
“FOF” indicates Goldberg’s Fear of Fat Scale. “PVD–Germ” indicates the Perceived Vulnerability to Disease Germ
Subscale. “PVD–Infection” indicates the Perceived Vulnerability to Disease Infectability Subscale. “Cognitive
Restraint” indicates the Dutch Eating Behavior Questionnaire Restraint Scale. “Comp Behaviors” indicates Eating
Disorder Diagnostic Scale—Compensatory Behaviors Subscale.

3.2. Indirect Effects of PVD Subscales on Cognitive Restraint through FOF

Figure 1 presents results of mediational analyses for FOF as a potential mediator
of the association between the PVD Subscales and cognitive restraint. The indirect ef-
fect of PVD-Infection on cognitive restraint through FOF was positive and significant,
B (SE) = 0.26 (0.04), 95% CI [0.18, 0.34]. The direct effect of PVD-Infection on cognitive
restraint was also significant. However, the indirect effect of PVD-Germ on cognitive
restraint through FOF was not significant, B (SE) = 0.02 (0.04), 95% CI [−0.05, 0.09]. The
direct effect of PVD-Germ on cognitive restraint was significant. Standardized coefficient
betas suggest small-to-medium effect sizes of the associations between PVD subscales, FOF,
and cognitive restraint.

Figure 1. PVD Subscales and Cognitive Restraint Mediated by FOF. Process Model—4 path estimates
from testing the indirect effect of perceived germ aversion (PVD-Germ) and perceived infectabil-
ity (PVD-Infection) on cognitive restraint through fear of fat (FOF). Standardized coefficients (β),
unstandardized coefficients (B), and standard errors (SE) are presented (* p < 0.05, ** p < 0.01).
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3.3. Indirect Effects of PVD Subscales on Compensatory Behaviors through FOF

Figure 2 presents results of mediational analyses for FOF as a potential mediator of the
association between the PVD subscales and compensatory behaviors. The indirect effect of
PVD-Infection on compensatory behaviors through FOF was significant, B (SE) = 3.16 (0.61),
95% CI [2.08, 4.47]. The direct effect of PVD-Infection on compensatory behaviors was
also significant. In contrast, the indirect effect of PVD-Germ on compensatory behaviors
through FOF was not significant, B (SE) = 0.30 (0.43), 95% CI [−0.55, 1.15]. The direct effect
of PVD-Germ on compensatory behaviors was also not significant. Standardized coefficient
betas suggest small-to-medium effect sizes of the associations between PVD subscales, FOF,
and compensatory behaviors.

Figure 2. PVD Subscales and Compensatory Behaviors Mediated by FOF. Process Model—4 path
estimates from testing the indirect effect of perceived germ aversion (PVD-Germ) and perceived
infectability (PVD-Infection) on compensatory behaviors through fear of fat (FOF). Standardized
coefficients (β), unstandardized coefficients (B) and standard errors (SE) are presented (* p < 0.05,
** p < 0.01).

3.4. Sex-Stratified Analyses

Exploratory sex-stratified mediation analyses were conducted to investigate potential
sex differences. Results indicated no significant sex differences between male and female
participants. FOF did not significantly mediate associations between PVD-Germ and cogni-
tive restraint or PVD-Germ and compensatory behaviors for male or female participants.
FOF also remained a significant mediator of the associations between PVD-Infection and
cognitive restraint and PVD-Infection and compensatory behaviors for both male and
female participants (see Figures A1 and A2).

4. Discussion

This is, to our knowledge, the first study to investigate the association between PVD,
cognitive restraint, and compensatory behaviors. In a community sample of 247 adult
participants, we found that perceived infectability was associated with cognitive restraint
and compensatory behaviors and that FOF partially mediated these associations. Perceived
germ aversion was significantly associated with cognitive restraint (but not compensatory
behaviors). However, FOF did not significantly mediate the association between perceived
germ aversion and cognitive restraint. Sex-stratified analyses revealed no significant sex
differences between male and female participants. Perceived infectability may be an
overlooked factor associated with cognitive restraint and compensatory behaviors in males
and females through FOF. Implications of these findings are discussed below.
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4.1. PVD, FOF, Cognitive Restraint, and Compensatory Behaviors

Perceived infectability refers to personal beliefs about susceptibility to infectious
disease that stem, in large part, from one’s history of infections [4]. Results indicated that
those with a heightened concern about their own susceptibility to disease endorsed both
higher cognitive restraint and compensatory behaviors, which was partially explained by
higher FOF. One possible explanation for these findings is that those higher in perceived
infectability may perceive themselves as being more susceptible to obesity. This hypothesis
aligns with past research indicating obesity is a physical condition that can be erroneously
identified as an indicator of disease transmission by the behavioral immune system [2,6,7].
The misidentification of obesity as a disease cue in those high in perceived infectability
could lead to an increased fear of the “disease” of fatness.

FOF mediation findings suggest possible future directions for reducing cognitive
restraint and compensatory behaviors. Reducing FOF in individuals with high perceived
infectability may be important for reducing disordered eating. For example, delivering
interventions designed to reduce internalized weight stigma (e.g., cognitive-behavioral
treatment to cope with internalized weight stigma [34]) to individuals with high perceived
infectability may be useful in reducing cognitive restraint and compensatory behaviors.
Illness during childhood is an important predictor of heightened perceived infectability
in adults [35], so reducing FOF in children and adolescents who have experienced signifi-
cant illness may also be useful in preventing the development of cognitive restraint and
compensatory behaviors.

FOF partially mediated the associations between perceived infectability, cognitive
restraint, and compensatory behaviors, leaving the possibility of other mediators. For
instance, the associations between perceived infectability, cognitive restraint, and compen-
satory behaviors could reflect broader concerns about negative health outcomes associated
with obesity. Perceived infectability is strongly associated with health anxiety [4], and it
is plausible that those high in perceived infectability may engage in cognitive restraint
and compensatory behaviors to minimize the risk of negative health outcomes associated
with obesity.

Contrary to our hypothesis, perceived germ aversion was not related to compensatory
behaviors. Although perceived germ aversion demonstrated a small, but significant associ-
ation with cognitive restraint, FOF did not significantly mediate this association. Perceived
germ aversion is thought to reflect emotional discomfort with situations, indicating an
increased risk of disease transmission [4] and has been found to significantly overlap with
pathogen disgust [9]. A growing body of research suggests that disgust-based avoidance is
an important factor contributing to the development and maintenance of cognitive restraint
and compensatory behaviors [36]. Future research should explore the role of disgust in the
association between perceived germ aversion and cognitive restraint.

4.2. Sex-Stratified Analyses

Results of sex-stratified analyses reflected results in the full sample. FOF remained
a significant mediator for associations between perceived infectability (but not perceived
germ aversion), cognitive restraint, and compensatory behaviors in male and female
participants. Males have historically been under researched in the context of disordered
eating behaviors [37]. Our results suggest that evolutionary processes associated with
disease threat could be one factor contributing to disordered eating for males and females,
warranting further investigation.

4.3. Strengths and Limitations

The current study had several notable strengths. We had a relatively large sample
size (n = 247) with a balanced sex distribution (53.3% male). The sample included a wide
range of ages (M = 36.8, min–max = 21–70) and BMI (M = 26.28, min–max = 17.7–55.8).
Study data included assessments of both cognitive restraint and compensatory behav-
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iors and, to our knowledge, was the first to investigate their association with perceived
disease vulnerability.

There are limitations of this study that should also be considered. Cognitive restraint
and compensatory behaviors were assessed using self-report measures. Although these are
validated scales [19,31], self-reported measures tend to over-represent disordered eating be-
havior [38–40]. Future research should utilize clinical interviews to assess cognitive restraint
and compensatory behaviors. Data were collected using Amazon’s MTurk, which has histor-
ically raised some concerns about data quality. Recommended approaches (95% approval,
5000 HITS, attention check questions [41]) were implemented to minimize these concerns.
Another important next step is to utilize clinical samples with disordered eating to explore
associations between PVD, cognitive restraint, and compensatory behaviors. Although
there was some diversity in this sample, it consisted predominantly of White participants
(74.5%) and was underpowered to investigate differences in race/ethnicity. Future research
should recruit a more diverse sample to allow for investigation of racial/ethnic differences
in PVD, cognitive restraint, and compensatory behaviors. Factors other than FOF likely
contribute to an association between PVD and disordered eating. Both PVD and disordered
eating are associated with anxiety more broadly [42,43], disgust sensitivity [44–46], and
obsessive-compulsive tendencies [43,44,46–48]. This dataset did not include measures
on these constructs, but future research that investigates anxiety, disgust sensitivity, and
OCD as potential mediators is an important future direction. While eating disorders and
obesity are distinct constructs, they are not mutually exclusive of each other. Rates of
eating disorders are elevated in individuals with obesity [49] and binge eating often occurs
when restrictive eating fails [50,51]. While we did assess BMI as a potential covariate in
this study, the study was not well suited to disentangle the complex associations between
eating disorders and obesity. Future research should aim to investigate these complex
associations. The study utilized a cross-sectional design, which does not allow for us to
make causal inferences. Future research should utilize experimental or longitudinal designs
that are better positioned to investigate causal inferences. For example, it may be possible
to experimentally prime pathogen threat cues [52,53] to investigate whether being primed
for PVD increases fear of fat, stigmatizing attitudes, or desire to engage in disordered eating
behaviors. Assessing PVD in childhood would allow for follow-up during adolescence (a
high-risk period for onset of eating disorders [54]) to see if childhood PVD is predictive of
adolescent disordered eating behaviors. If PVD was predictive of future onset of disordered
eating behaviors, it may be a useful screening tool for early intervention. Understanding
the causal effect of disease salient environmental cues in increasing FOF and engagement in
cognitive restraint and compensatory behaviors may be particularly important considering
heightened media coverage surrounding disease transmission during the pandemic.

5. Conclusions

The role that evolved psychological mechanisms play in cognitive restraint and com-
pensatory behaviors is an important and understudied area of psychological research. Our
results indicate that people who perceive themselves to be more susceptible to infection (i.e.,
perceived infectability) are more likely to engage in cognitive restraint and compensatory
behaviors. No differences were found between male and female participants, suggesting
that perceived infectability might be a novel factor that can contribute to existing gaps
in the understanding of disordered eating in males. Increased engagement in cognitive
restraint and compensatory behaviors due to perceptions of obesity as a disease-relevant
cue may be an attempt to reduce risk or fear of becoming fat. Future longitudinal research
is needed to explore whether individual differences in perceived infectability is a risk factor
for the development of cognitive restraint and compensatory behaviors.

Although data were collected before the coronavirus pandemic, consideration of how
the pandemic might relate to these findings is particularly relevant. Increased salience of
vulnerability to coronavirus combined with the specific identification of obesity as a risk
factor for severe disease trajectory could have concerning implications for engagement
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in cognitive restraint and compensatory behaviors. Early research during the pandemic
found that participants with a current or history of an eating disorder endorsed increased
cognitive restraint and compensatory behaviors [55]. Such findings might be particularly
likely in individuals with high PVD. Future research should explore the potential impact of
the coronavirus pandemic on cognitive restraint and compensatory behaviors.

Author Contributions: L.V.H., J.M.A., J.R.C. and A.N.G. developed the study concept and con-
tributed to the study design. J.R.C. collected data. L.V.H. performed the data analysis and interpre-
tation under the supervision of A.N.G. and L.V.H. drafted the paper with assistance from L.V.H.,
J.M.A., J.R.C. and A.N.G., L.V.H., J.M.A., J.R.C. and A.N.G. approved the final version of the paper
for submission. All authors have read and agreed to the published version of the manuscript.

Funding: J.R.C. was supported by Eunice Kennedy Shriver National Institute of Child Health and
Human Development (NICHD) Award T32-HD079350 and the NICHD Intramural Research Program.
The content of the article is solely the responsibility of the authors and does not necessarily represent
the official views of the NICHD.

Institutional Review Board Statement: Research procedures were approved by the University of
Michigan Institution Review Board (HUM00158499) in accordance with provisions of the World
Medical Association Declaration of Helsinki.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Original data have been shared on the Open Science Framework at
https://osf.io/8kspw/, accessed on 10 August 2019. No new data were collected for this study.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Table A1. Correlation matrix with potential covariates.

PVD-Germ PVD—Inf FOF Cog Restraint Comp Behaviors BMI Age Sex Education Race/Ethnicity

PVD—Germ
r 0.25 *** 0.15 * 0.18 * 0.03 −0.13 0.02 −0.22 ** −0.06 0.11
n 245 245 245 245 226 245 244 245 245

PVD—Inf
r 0.45 *** 0.21 ** 0.35 *** 0.06 0.09 −0.10 0.14 * 0.13 *
n 245 245 245 226 245 244 245 245

FOF
r 0.65 *** 0.60 *** 0.07 <0.01 −0.03 0.19 ** ≤0.01
n 246 246 227 246 245 246 246

Cog Restraint r 0.48 *** 0.01 0.02 −0.02 0.21 ** −0.04
n 247 228 247 246 247 247

Comp Behaviors r −0.12 ≤0.01 −0.07 0.29 *** ≤0.01
n 228 247 246 247 247

BMI
r −0.03 −0.05 −0.16 * −0.03
n 228 227 228 228

Age r 0.18 ** 0.09 0.19 **
n 246 247 247

Sex
r −0.10 0.16 *
n 246 246

Education
r −0.16 *
n 247

Race/Ethnicity r
n

Notes: * indicates significance at p < 0.05. ** indicates significance at p < 0.01. *** indicates significance at p < 0.001.
“FOF” indicates Goldberg’s Fear of Fat Scale. “PVD—Germ” indicates the Perceived Vulnerability to Disease Germ
Subscale. “PVD—Inf” indicates the Perceived Vulnerability to Disease Infectability Subscale. “Cog Restraint”
indicates the Dutch Eating Behavior Questionnaire Restraint Scale. “Comp Behaviors” indicates Eating Disorder
Diagnostic Scale—Compensatory Behaviors Subscale. “BMI” indicates body mass index.
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Appendix B

Table A2. Regression analyses for potential covariates.

t p b (SE) β f p Adj. R2

Cog Restraint

Overall model 9.51 <0.001 0.07
Constant 7.40 <0.001 2.03 (0.28)
Education 3.29 0.001 0.42 (0.13) 0.20
PVD—Germ 3.04 0.003 0.18 (0.06) 0.19

Cog Restraint

Overall model 8.86 <0.001 0.06
Constant 11.67 <0.001 2.31 (0.20)
Education 2.68 0.01 0.35 (0.13) 0.17
PVD—Infection 2.93 0.004 0.16 (0.05) 0.18

Comp Behaviors

Overall model 11.16 <0.001 0.08
Constant 0.62 0.54 2.58 (4.19)
Education 4.70 <0.001 9.22 (1.96) 0.29
PVD-Germ 0.71 0.48 0.63 (0.88) 0.04

Comp Behaviors

Overall model 26.72 <0.001 0.17
Constant −2.77 0.01 −7.91 (2.85)
Education 4.13 <0.001 7.72 (1.87) 0.24
PVD-Infection 5.39 <0.001 4.15 (0.77) 0.32

Notes: “PVD—Germ” indicates the Perceived Vulnerability to Disease Germ Subscale. “PVD—Infection” indicates
the Perceived Vulnerability to Disease Infectability Subscale. “Cog Restraint” indicates the Dutch Eating Behavior
Questionnaire Restraint Scale. “Comp Behaviors” indicates Eating Disorder Diagnostic Scale–Compensatory
Behaviors Subscale.

Appendix C

Male Participants 

Figure A1. Cont.
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Female Participants 

Figure A1. Sex—Stratified Analyses for PVD Subscales, FOF, and Cognitive Restraint. Process Model—
4 path estimates from sex-stratified analyses testing the indirect effect of perceived germ aversion
and perceived infectability on cognitive restraint through fear of fat. Unstandardized coefficients
and standard errors are presented (* p < 0.05, ** p < 0.01). Indirect effect of PVD-Germ path for male,
B (SE) = −0.02 (0.05), 95% CI [−0.11, 0.75], and female, B (SE) = 0.07 (0.06), 95% CI [−0.03, 0.19],
participants. Indirect effect of PVD-Infection path for male, B (SE) = 0.22 (0.05), 95% CI [0.12, 0.34],
and female, B (SE) = 0.31 (0.06), 95% CI [0.21, 0.45], participants.

Appendix D

Male Participants 

Female Participants 

Figure A2. Cont.
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Figure A2. Sex—Stratified Analyses for PVD-Infection, FOF, and Compensatory Behaviors. Process Model—
4 path estimates from sex-stratified analyses testing the indirect effect of perceived germ aversion and
perceived infectability on compensatory behaviors through fear of fat. Unstandardized coefficients
and standard errors are presented (* p < 0.05, ** p < 0.01). Indirect effect of PVD-Germ path for male,
B (SE) = −0.15 (0.63), 95% CI [−1.53, 1.00] and female, B (SE) = 0.77 (0.68), 95% CI [−0.36, 2.35],
participants. Indirect effect of PVD-Infection path for male, B (SE) = 2.84 (0.83), 95% CI [1.47, 4.73]
and female, B (SE) = 3.68 (0.96), 95% CI [2.09, 5.88], participants.

References

1. Ackerman, J.M.; Hill, S.E.; Murray, D.R. The behavioral immune system: Current concerns and future directions. Soc. Personal.
Psychol. Compass 2018, 12, e12371. [CrossRef]

2. Park, J.H.; Van Leeuwen, F.; Chochorelou, Y. Disease-Avoidance Processes and Stigmatization: Cues of Substandard Health
Arouse Heightened Discomfort with Physical Contact. J. Soc. Psychol. 2013, 153, 212–228. [CrossRef] [PubMed]

3. Schaller, M.; Park, J.H. The behavioral immune system (and why it matters). Curr. Psychol. 2011, 20, 99–103. [CrossRef]
4. Duncan, L.A.; Schaller, M.; Park, J.H. Perceived vulnerability to disease: Development and validation of a 15-item self-report

instrument. Personal. Individ. Differ. 2009, 47, 541–546. [CrossRef]
5. Park, J.H.; Faulkner, J.; Schaller, M. Evolved Disease-Avoidance Processes and Contemporary Anti-Social Behavior: Prejudicial

Attitudes and Avoidance of People with Physical Disabilities. J. Nonverbal Behav. 2003, 27, 65–87. [CrossRef]
6. Park, J.H.; Schaller, M.; Crandall, C.S. Pathogen-avoidance mechanisms and the stigmatization of obese people. Evol. Hum. Behav.

2007, 28, 410–414. [CrossRef]
7. Tapp, C.; Oaten, M.; Stevenson, R.; Occhipinti, S.; Thandi, R. Is obesity treated like a contagious disease? J. Appl. Soc. Psychol.

2019, 50, 205–212. [CrossRef]
8. Miller, S.L.; Maner, J.K. Overperceiving disease cues: The basic cognition of the behavioral immune system. J. Personal. Soc.

Psychol. 2012, 102, 1198–1213. [CrossRef]
9. Lieberman, D.L.; Tybur, J.M.; Latner, J.D. Disgust Sensitivity, Obesity Stigma, and Gender: Contamination Psychology Predicts

Weight Bias for Women, Not Men. Obesity 2012, 20, 1803–1814. [CrossRef]
10. Lund, E.M.; Miller, S.L. Is obesity un-American? Disease concerns bias implicit perceptions of national identity. Evol. Hum. Behav.

2014, 35, 336–340. [CrossRef]
11. Magallares, A.; Jáuregui-Lobera, I.; Carbonero-Carreño, R.; Ruiz-Prieto, I.; Bolaños-Ríos, P.; Cano-Escoriaza, A. Perceived

vulnerability to disease and antifat attitudes in a sample of children and teenagers. Eat. Weight Disord. 2015, 20, 483–489.
[CrossRef] [PubMed]

12. Ackerman, J.M.; Tybur, J.M.; Mortensen, C.R. Infectious Disease and Imperfections of Self-Image. Psychol. Sci. 2018, 29, 228–241.
[CrossRef] [PubMed]

13. Burmeister, J.M.; Hinman, N.; Koball, A.; Hoffmann, D.A.; Carels, R.A. Food addiction in adults seeking weight loss treatment.
Implications for psychosocial health and weight loss. Appetite 2013, 60, 103–110. [CrossRef] [PubMed]

14. Durso, L.E.; Latner, J.D.; White, M.A.; Masheb, R.M.; Blomquist, K.K.; Morgan, P.T.; Grilo, C.M. Internalized weight bias in obese
patients with binge eating disorder: Associations with eating disturbances and psychological functioning. Int. J. Eat. Disord. 2012,
45, 423–427. [CrossRef]

116



Nutrients 2023, 15, 8

15. American Psychiatric Association. Feeding and Eating Disorders. In Diagnostic and Statistical Manual of Mental Disorders, 5th ed.;
American Psychiatric Association: Arlington, VA, USA, 2013. [CrossRef]

16. Dalley, S.E.; Buunk, A.P. “Thinspiration” vs. “fear of fat”. Using prototypes to predict frequent weight-loss dieting in females.
Appetite 2009, 52, 217–221. [CrossRef]

17. Levitt, D.H. Drive for Thinness and Fear of Fat: Separate Yet Related Constructs? Eat. Disord. 2003, 11, 221–234. [CrossRef]
18. Fairburn, C.G.; Cooper, Z.; Shafran, R. Cognitive behaviour therapy for eating disorders: A “transdiagnostic” theory and

treatment. Behav. Res. Ther. 2003, 41, 509–528. [CrossRef]
19. van Strien, T.; Frijters, J.E.; Bergers, G.; Defares, P.B. The Dutch Eating Behavior Questionnaire (DEBQ) for assessment of restrained,

emotional, and external eating behavior. Int. J. Eat. Disord. 1986, 5, 295–315. [CrossRef]
20. Calugi, S.; Grave, R.D. Body image concern and treatment outcomes in adolescents with anorexia nervosa. Int. J. Eat. Disord.

2019, 52, 582–585. [CrossRef] [PubMed]
21. Calugi, S.; El Ghoch, M.; Conti, M.; Grave, R.D. Preoccupation with shape or weight, fear of weight gain, feeling fat and treatment

outcomes in patients with anorexia nervosa: A longitudinal study. Behav. Res. Ther. 2018, 105, 63–68. [CrossRef]
22. Chow, C.M.; Ruhl, H.; Tan, C.C.; Ellis, L. Fear of fat and restrained eating: Negative body talk between female friends as a

moderator. Eat. Weight Disord. 2019, 24, 1181–1188. [CrossRef] [PubMed]
23. Dalley, S.E.; Toffanin, P.; Pollet, T.V. Dietary restraint in college women: Fear of an imperfect fat self is stronger than hope of a

perfect thin self. Body Image 2012, 9, 441–447. [CrossRef] [PubMed]
24. MacLeod, J.S.; MacLeod, C.; Dondzilo, L.; Bell, J. The Role of Fear of Fatness and Avoidance of Fatness in Predicting Eating

Restraint. Cogn. Ther. Res. 2020, 44, 196–207. [CrossRef]
25. Wellman, J.D.; Araiza, A.M.; Newell, E.E.; McCoy, S.K. Weight stigma facilitates unhealthy eating and weight gain via fear of fat.

Stigma Health 2018, 3, 186–194. [CrossRef]
26. Goldfarb, L.A.; Dykens, E.M.; Gerrard, M. The Goldfarb Fear of Fat Scale. J. Personal. Assess. 1985, 49, 329–332. [CrossRef]
27. Goldschmidt, A.B.; Crosby, R.D.; Cao, L.; Moessner, M.; Forbush, K.T.; Accurso, E.C.; Le Grange, D. Network analysis of pediatric

eating disorder symptoms in a treatment-seeking, transdiagnostic sample. J. Abnorm. Psychol. 2018, 127, 251–264. [CrossRef]
[PubMed]

28. Levinson, C.A.; Zerwas, S.; Calebs, B.; Forbush, K.; Kordy, H.; Watson, H.; Hofmeier, S.; Levine, M.; Crosby, R.D.; Peat, C.; et al.
The core symptoms of bulimia nervosa, anxiety, and depression: A network analysis. J. Abnorm. Psychol. 2017, 126, 340–354.
[CrossRef]

29. De Coninck, D.; D’Haenens, L.; Matthijs, K. Perceived vulnerability to disease and attitudes towards public health measures:
COVID-19 in Flanders, Belgium. Personal. Individ. Differ. 2020, 166, 110220. [CrossRef]

30. Cummings, J.R.; Joyner, M.A.; Gearhardt, A.N. Development and preliminary validation of the Anticipated Effects of Food Scale.
Psychol. Addict. Behav. 2020, 34, 403–413. [CrossRef]

31. Stice, E.; Telch, C.F.; Rizvi, S.L. Development and validation of the Eating Disorder Diagnostic Scale: A brief self-report measure
of anorexia, bulimia, and binge-eating disorder. Psychol. Assess. 2000, 12, 123–131. [CrossRef]

32. IBM Corporation. Released 2020. IBM SPSS Statistics for Windows; Version 27; IBM Corp.: Armonk, NY, USA.
33. Hayes, A.F. Introduction to Mediation, Moderation, and Conditional Process Analysis: A Regression-Based Approach; The Guilford Press:

New York, NY, USA, 2013.
34. Pearl, R.L.; Hopkins, C.H.; Berkowitz, R.I.; Wadden, T.A. Group cognitive-behavioral treatment for internalized weight stigma: A

pilot study. Eat. Weight Disord. 2018, 23, 357–362. [CrossRef] [PubMed]
35. Makhanova, A.; Shepherd, M.A.; Plant, E.A.; Gerend, M.A.; Maner, J.K. Childhood illness as an antecedent of perceived

vulnerability to disease. Evol. Behav. Sci. 2020, 16, 53–66. [CrossRef]
36. Anderson, L.M.; Berg, H.; Brown, T.A.; Menzel, J.; Reilly, E.E. The Role of Disgust in Eating Disorders. Curr. Psychiatry Rep. 2021,

23, 4. [CrossRef]
37. Mitchison, D.; Mond, J.M. Epidemiology of eating disorders, eating disordered behaviour, and body image disturbance in males:

A narrative review. J. Eat. Disord. 2015, 3, 20. [CrossRef] [PubMed]
38. Berg, K.C.; Peterson, C.B.; Frazier, P.; Crow, S.J. Psychometric evaluation of the eating disorder examination and eating disorder

examination-questionnaire: A systematic review of the literature. Int. J. Eat. Disord. 2011, 45, 428–438. [CrossRef] [PubMed]
39. Fairburn, C.G.; Beglin, S.J. Assessment of eating disorders: Interview or self-report questionnaire? Int. J. Eat. Disord. 1994, 16,

363–370. [CrossRef]
40. Keel, P.K.; Crow, S.; Davis, T.L.; Mitchell, J.E. Assessment of eating disorders comparison of interview and questionnaire data

from a long-term follow-up study of bulimia nervosa. J. Psychosom. Res. 2002, 53, 1043–1047. [CrossRef] [PubMed]
41. Buhrmester, M.D.; Talaifar, S.; Gosling, S.D. An Evaluation of Amazon’s Mechanical Turk, Its Rapid Rise, and Its Effective Use.

Perspect. Psychol. Sci. 2018, 13, 149–154. [CrossRef]
42. De Pasquale, C.; Pistorio, M.L.; Sciacca, F.; Hichy, Z. Relationships Between Anxiety, Perceived Vulnerability to Disease, and

Smartphone Use during Coronavirus Disease 2019 Pandemic in a Sample of Italian College Students. Front. Psychol. 2021,
12, 692503. [CrossRef]

43. Swinbourne, J.M.; Touyz, S. The co-morbidity of eating disorders and anxiety disorders: A review. Eur. Eat. Disord. Rev. 2007, 15,
253–274. [CrossRef]

117



Nutrients 2023, 15, 8

44. Brady, R.E.; Badour, C.L.; Arega, E.A.; Levy, J.J.; Adams, T.G. Evaluating the mediating effects of perceived vulnerability to
disease in the relation between disgust and contamination-based OCD. J. Anxiety Disord. 2021, 79, 102384. [CrossRef] [PubMed]

45. Bektas, S.; Keeler, J.L.; Anderson, L.M.; Mutwalli, H.; Himmerich, H.; Treasure, J. Disgust and Self-Disgust in Eating Disorders: A
Systematic Review and Meta-Analysis. Nutrients 2022, 14, 1728. [CrossRef] [PubMed]

46. Eyal, T.; Dar, R.; Liberman, N. Is disgust in obsessive-compulsive disorder mediated by fear of pathogens? J. Anxiety Disord. 2021,
77, 102340. [CrossRef] [PubMed]

47. Altman, S.E.; Shankman, S.A. What is the association between obsessive–compulsive disorder and eating disorders? Clin. Psychol.
Rev. 2009, 29, 638–646. [CrossRef] [PubMed]

48. Liu, T.; Ackerman, J.M.; Preston, S.D. Dissociating compulsive washing and hoarding tendencies through differences in comor-
bidities and the content of concerns. J. Behav. Cogn. Ther. 2021, 31, 291–308. [CrossRef]

49. Da Luz, F.Q.; Hay, P.; Touyz, S.; Sainsbury, A. Obesity with Comorbid Eating Disorders: Associated Health Risks and Treatment
Approaches. Nutrients 2018, 10, 829. [CrossRef]

50. Burton, A.L.; Abbott, M.J. Processes and pathways to binge eating: Development of an integrated cognitive and behavioural
model of binge eating. J. Eat. Disord. 2019, 7, 18. [CrossRef]

51. Mathes, W.F.; Brownley, K.A.; Mo, X.; Bulik, C.M. The biology of binge eating. Appetite 2009, 52, 545–553. [CrossRef]
52. Mortensen, C.R.; Becker, D.V.; Ackerman, J.M.; Neuberg, S.L.; Kenrick, D.T. Infection Breeds Reticencer: The Effects of Disease

Salience on Self-Perceptions of Personality and Behavioral Avoidance Tendencies. Psychol. Sci. 2010, 21, 440–447. [CrossRef]
53. Wang, I.M.; Ackerman, J.M. The Infectiousness of Crowds: Crowding Experiences Are Amplified by Pathogen Threats. Personal.

Soc. Psychol. Bull. 2019, 45, 120–132. [CrossRef]
54. Allen, K.L.; Crosby, R.D.; Oddy, W.H.; Byrne, S.M. Eating disorder symptom trajectories in adolescence: Effects of time, participant

sex, and early adolescent depressive symptoms. J. Eat. Disord. 2013, 1, 32. [CrossRef] [PubMed]
55. Termorshuizen J., D.; Watson, H.J.; Thornton, L.M.; Borg, S.; Flatt, R.E.; MacDermod, C.M.; Harper, L.E.; van Furth, E.F.; Peat, C.M.;

Bulik, C.M. Early impact of COVID-19 on individuals with self-reported eating disorders: A survey of ~1000 individuals in the
United States and the Netherlands. Int. J. Eat. Disord. 2020, 53, 1780–1790. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

118



Citation: Miranda-Olivos, R.; Agüera,

Z.; Granero, R.; Jiménez-Murcia, S.;

Puig-Llobet, M.; Lluch-Canut, M.T.;

Gearhardt, A.N.; Fernández-Aranda,

F. The Role of Food Addiction and

Lifetime Substance Use on Eating

Disorder Treatment Outcomes.

Nutrients 2023, 15, 2919. https://

doi.org/10.3390/nu15132919

Academic Editors: Maria Luz

Fernandez and Zoltan Pataky

Received: 4 April 2023

Revised: 4 June 2023

Accepted: 23 June 2023

Published: 27 June 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

nutrients

Article

The Role of Food Addiction and Lifetime Substance Use on
Eating Disorder Treatment Outcomes

Romina Miranda-Olivos 1,2,3,†, Zaida Agüera 1,3,4,5,*,†, Roser Granero 1,3,6, Susana Jiménez-Murcia 1,2,3,7,

Montserrat Puig-Llobet 4,5, Maria Teresa Lluch-Canut 4,5, Ashley N. Gearhardt 8

and Fernando Fernández-Aranda 1,2,3,7,*

1 CIBER Fisiopatología Obesidad y Nutrición (CIBERobn), Instituto de Salud Carlos III, 28029 Madrid, Spain;
rmiranda@idibell.cat (R.M.-O.)

2 Clinical Psychology Unit, L’Hospitalet de Llobregat, Hospital Universitari de Bellvitge, 08907 Barcelona, Spain
3 Psychoneurobiology of Eating and Addictive Behaviors Group, Neurosciences Programme,

Bellvitge Biomedical Research Institute (IDIBELL), L’Hospitalet de Llobregat, 08908 Barcelona, Spain
4 Departament d’Infermeria de Salut Pública, Salut Mental i Materno-Infantil, Escola d’Infermeria,

Facultat de Medicina i Ciències de la Salut, L’Hospitalet de Llobregat, Universitat de Barcelona (UB),
08007 Barcelona, Spain; monpuigllob@ub.edu (M.P.-L.); tlluch@ub.edu (M.T.L.-C.)

5 Research Group in Mental Health, Psychosocial and Complex Nursing Care (NURSEARCH),
Facultat de Medicina i Ciències de la Salut, L’Hospitalet de Llobregat, Universitat de Barcelona (UB),
08007 Barcelona, Spain

6 Departament de Psicobiologia i Metodologia de les Ciències de la Salut, Universitat Autònoma de Barcelona,
08193 Barcelona, Spain

7 Department of Clinical Sciences, School of Medicine and Health Sciences, University of Barcelona,
08007 Barcelona, Spain

8 Department of Psychology, University of Michigan, Ann Arbor, MI 48109, USA; agearhar@umich.edu
* Correspondence: zaguera@ub.edu (Z.A.); ffernandez@bellvitgehospital.cat (F.F.-A.);

Tel.: +34-93-260-72-27 (Z.A. & F.F.-A.)
† These authors contributed equally to this work.

Abstract: Food addiction (FA) and substance use (SU) in eating disorders (ED) have been associated
with a more dysfunctional clinical and psychopathological profile. However, their impact on treat-
ment outcomes has been poorly explored. Therefore, this transdiagnostic study is aimed at examining
whether the presence of FA and/or SU is associated with treatment outcomes in patients with different
ED types. The results were not able to reveal significant differences in treatment outcomes between
patients with and without FA and/or SU; however, the effect sizes suggest higher dropout rates in the
group with both FA and SU. The predictive models of treatment outcomes showed different features
associated with each group. High persistence (i.e., tendency to perseverance and inflexibility) was
the personality trait most associated with poor treatment outcomes in patients without addictions.
High harm avoidance and younger age at ED onset were the variables most related to poor outcomes
in patients with FA or SU. Finally, in the group with both addictive behaviors (FA and SU), the
younger patients presented the poorest outcomes. In conclusion, our results suggest that, regardless
of presenting addictive behaviors, patients with ED may similarly benefit from treatment. However,
it may be important to consider the differential predictors of each group that might guide certain
treatment targets.

Keywords: food addiction; substance use; treatment outcomes; eating disorders

1. Introduction

The comorbidity between eating disorders (ED) and some addictive-related patterns,
such as food addiction (FA), behavioral addictions, and substance use (SU), has been
widely described in the literature. The construct of FA combines the concepts of substance-
based and behavioral addictions. Thus, there is no consensus on whether FA should be
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integrated within substance use disorders (SUDs) [1] or, on the contrary, within behavioral
addictions [2]. However, many studies increasingly point out that the mere application
of criteria based on the addictive chemical properties of food (as in SU) does not seem
sufficient to fully capture the phenomenological aspects of an FA, hence the need to study
FA and SU as distinct addictive behaviors [3]. A high prevalence rate of FA has been widely
reported in individuals with obesity and/or ED, mainly in those with bulimia nervosa
(BN) and binge eating disorder (BED) (70–90%) [4,5]. Intriguingly, the presence of FA
has also been described in patients with anorexia nervosa (AN), especially in those of the
bulimic-purging subtype (AN-BP), compared to the restricting subtype (AN-R) (75.0% and
54.2%, respectively) [6–8]. The presence of FA in patients with ED has been associated with
greater severity of ED-related symptomatology (e.g., a higher frequency of binge-eating
episodes, emotional eating, and compulsive eating) [5,7–9], as well as more dysfunctional
personality traits (i.e., high impulsivity), and greater general psychopathology (mainly
more depressive symptoms) [5,8]. The impact of FA on the prognosis of EDs has not
yet been fully investigated. Hilker et al. [10] reported that the severity of both FA and
binge/purge episodes decreased after a psychoeducational program in patients with BN.
Likewise, Romero et al. [4] found that the association between FA and treatment outcomes
appeared to be mediated by the severity of the ED. Additionally, this study found that FA
was indirectly associated with poorer treatment outcomes in BED, but not in BN [4]. There
are currently no studies exploring the impact of FA on the prognosis of AN. However,
a recent study suggested that FA in AN-R could increase the likelihood of a crossover
diagnosis to AN-BP [6].

In terms of SU in ED, numerous studies over the last years have addressed this
topic of interest, reporting SU prevalence rates in EDs ranging from 21% to 50%, with
tobacco being the most prevalent addictive substance, but also caffeine, alcohol, and illicit
drugs [11]. The comorbidity of lifetime SU varies among the ED diagnoses, being more
prevalent in BN (34%), followed by BED (18%), AN (13%), and other specified feeding or
eating disorders (OSFED) (12%) [8] The coexistence of EDs and SU has been associated
with high levels of impulsivity and sensation-seeking that may promote addictive-like
behaviors towards a stimulus perceived as rewarding [12,13]. Additionally, SU in BN
has been linked to increased emotional dysregulation, suggesting that certain substances
might be used as a maladaptive strategy to cope with negative emotions [14,15] The
purpose of substance misuse in patients with ED is a relevant aspect to consider [16].
It is important to identify whether SU is part of the ED symptomatology as a strategy
aimed at weight control (e.g., caffeine, tobacco, psychostimulant substances), or whether
it acts as a maladaptive coping mechanism to deal with negative emotions (e.g., alcohol,
psychoactive substances) [16,17]. In both cases, the functional role of SU may guide different
targeted intervention strategies [11]. In addition, the co-occurrence of ED with SU has
been associated with a poorer prognosis, contributing to a longer duration of the disorder,
greater psychopathology and presence of other psychiatric disorders, and an increased
risk of mortality [18,19]. This co-occurrence may accentuate the symptomatology of ED,
hampering its recovery [11]. However, research directly testing the role of SU on ED
treatment outcomes is limited.

The comorbidity of FA and SU in ED have usually been addressed separately. Never-
theless, some studies have indicated the presence of a potential common brain substrate
in FA and SU, suggesting shared neurobiological vulnerabilities and genetic predisposi-
tions [20]. For instance, certain polymorphisms of the dopamine (DA) receptor D2 have
been linked to an increased risk for both FA and SU [21,22]. Considering that the DA
system plays a role in appetite regulation and reward pathways, it is plausible that this
neurotransmitter system underlies maladaptive eating behaviors in EDs. Based on this
premise, it is plausible to hypothesize that the concurrent occurrence of multiple addictive
behaviors could have epidemiological implications on treatment outcomes in EDs. How-
ever, to date, there have been no studies that have explored the potential effects that the
simultaneous presence of both addictive-related patterns could have on treatment outcomes
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in individuals with EDs. One recent study by our research group explored the joint involve-
ment of FA and/or lifetime problematic alcohol and illicit drug use in EDs [23]. Patients
with at least one addictive-like behavior (either current FA or lifetime SU) exhibited more
general psychopathology and ED-related symptomatology than those without FA and/or
SU. However, the cross-sectional design of this study was not able to address whether
this dysfunctional clinical and personality profile has implications for treatment outcomes.
Therefore, the main goals of this study were threefold: (a) to examine the sociodemographic
and clinical characteristics of patients with different types of ED (including AN, BN, BED,
and OSFED) who reported FA and/or lifetime problematic alcohol and illicit drug use
(i.e., between those with both addictive behaviors (FA+ and SU+), those with only one
addictive behavior (FA+ or SU+), and those with no addictive behaviors (FA− and SU−));
(b) to analyze whether there are differences in treatment outcomes, including dropout rates,
between patients with and without current FA and/or lifetime problematic SU; and (c)
to describe predictors of treatment outcomes in patients with or without addictive-like
behaviors.

2. Materials and Methods

2.1. Participants

A total of 303 patients with ED composed the sample of this study (32 AN, 132 BN,
67 BED, and 72 OSFED). All patients were attended to at the ED Unit of the Hospital
Universitario de Bellvitge (Barcelona, Spain) for assessment and treatment.

2.2. Instruments

In the assessment process, sociodemographic and clinical data were collected through a
semi-structured face-to-face interview using the SCID-5 [24]. Clinical data covered lifetime
alcohol or illegal drug misuse by utilizing module E of the SCID-5 [24]. For the present
study, problematic lifetime SU was defined as a problematic pattern of continued use of
alcohol and/or illicit drugs at some time throughout the patient’s life, and with negative
consequences. These consequences may comprise, for example, higher consumption than
intended; craving to, or unsuccessful efforts to control, consumption; consumption despite
physical or psychological problems; interpersonal problems; being in dangerous situations;
etc. Furthermore, the usually applied questionnaires in the field of EDs were administered,
namely:

• The Yale Food Addiction Scale 2.0 (YFAS 2.0), Spanish validation [25]. This is a
35-item, self-report questionnaire to assess FA, based on 11 substance-dependence-
related symptoms and adapted to the context of food consumption. This scale allows
the classifying of FA into binary categories, namely present (at least 2 symptoms and
self-reported clinically significant impairment or distress) and absent. The internal
consistency of our sample was excellent (α = 0.97).

• The Eating Disorder Inventory-2 (EDI-2), Spanish validation [26]. It is a 91-item, self-
reported questionnaire that assesses 11 ED-related cognitive and behavioral domains.
A total score is also provided to report overall ED severity. For this sample, the internal
consistency was excellent (α = 0.94).

• The Symptom Checklist-90 Revised (SCL-90-R), Spanish validation [27]. The question-
naire is composed of 90 items that assess 9 dimensions of psychopathology: somati-
zation, obsession–compulsion, interpersonal sensitivity, depression, anxiety, hostility,
phobic anxiety, paranoid ideation, and psychoticism. Additionally, it includes three
global indices related to overall psychological distress (i.e., the global severity index,
GSI), the intensity of symptoms (i.e., the positive symptom distress index, PSDI), and
self-reported symptoms (i.e., a total of positive symptoms). The questionnaire demon-
strated excellent internal consistency, with a Cronbach’s alpha coefficient of 0.97.

• The Temperament and Character Inventory Revised (TCI-R), Spanish validation [28]. It
is a self-reported assessment, consisting of 240 items, that evaluates 4 temperament di-
mensions (harm avoidance, novelty seeking, reward dependence, and persistence) and
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3 character dimensions (self-directedness, cooperativeness, and self-transcendence).
Our internal consistency ranged from α = 0.81 to α = 0.89.

• The Impulsive Behavior Scale (UPPS-P), Spanish validation [29]. This self-report
questionnaire consists of 59 items that assess 5 distinct facets of impulsivity: positive
and negative urgency (a tendency to act rashly in response to positive mood or distress),
lack of perseverance (an inability to sustain focus on a task), lack of premeditation
(acting without considering the consequences of an action), and sensation seeking
(a tendency to seek novel and exciting experiences). The internal consistency for
the sample ranged from very good (negative urgency α = 0.83) to excellent (positive
urgency α = 0.92).

2.3. Treatment

Treatment for BN, BED, and OSFED was provided by experienced psychologists
through 16 weekly outpatient group therapy sessions of 90 min each. Separate therapeutic
groups were conducted for patients with different diagnoses, but all were on the same
cognitive–behavioral therapy (CBT) program. Patients diagnosed with AN (not requiring
inpatient treatment for underweight) underwent a day hospital treatment program, which
included ten weekly CBT group sessions for about 3 months.

Upon discharge, patients were assessed and assigned into one of three previously
defined categories: full remission, partial remission, and non-remission. Criteria for full
remission were based on the DSM-5, indicating a complete absence of ED symptoms for
at least four weeks of treatment. Partial remission referred to substantial symptomatic
improvement with residual symptoms, while non-remission was used to describe poor
outcomes. These categories have been employed to evaluate the efficacy of ED treatments in
previous studies [4,30–32]. Treatment discontinuation was classified as dropout, defined as
being absent for at least three consecutive therapy sessions. In addition, patients were also
subsequently recategorized into a dichotomous variable (i.e., good versus poor outcomes),
which has been previously used to examine ED treatments [33], in order to facilitate the
interpretation of the results, especially in the predictive models, namely good outcomes
(i.e., full and partial remission) and poor outcomes (i.e., non-remission and dropout).

2.4. Statistical Analyses

Stata 17 for Windows was used for the statistical analysis. The comparison between
the groups was performed using chi-square tests (χ2) for categorical variables, and analysis
of variance (ANOVA) for quantitative variables. Bonferroni’s correction was applied for
post hoc comparisons in chi-square tests, while post hoc pairwise comparisons for ANOVA
were performed using the Bonferroni method. Effect size was considered in the range of
mild-moderate to large-high when |CV| > 0.15, mild-moderate if OR > 1.86, and large-high
when OR > 3.00. The comparisons of the treatment outcomes (0 = good versus 1 = poor)
between the groups were performed by odds ratio coefficients (OR), obtained in logistic
regression, and adjusted by the ED type. Stepwise logistic regressions were also used to
identify the significant predictors of the treatment outcomes (0 = good versus 1 = poor)
for the list of measures at the baseline. Given the exploratory approach of this analysis,
we tried to include the maximum number of predictors, while minimizing adjustment
problems due to high collinearity. For this reason, in addition to the sociodemographic
profile and the personality profile, the global measures associated with the severity of the
ED (EDI-2 total), the psychopathological state (SCL-90R GSI), and impulsivity (UPPS-P
total) were included. The goodness-of-fit was assessed with the Hosmer–Lemeshow test,
and the global predictive capacity with the pseudo-Nagelkerke R2 coefficient.

3. Results

3.1. Descriptive of the Sample

Most participants in the study were women (n = 277, 91.4%), single (n = 201, 66.3%),
or married (n = 65, 21.5%), with primary (n = 114, 37.6%) or secondary (n = 140, 46.2%)
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education levels, and employed (n = 170, 56.1%). The mean age was 32.3 years (SD = 12.3),
the mean age of onset of the ED was 20.7 years (SD = 9.9), and the mean duration of the ED
was 12.1 years (SD = 9.6).

Table S1 (see Supplementary Materials) includes the comparison of the sociodemo-
graphic data, the onset of the ED, the duration, and the BMI between the groups defined
by the ED types. Table S1 also contains the distribution of FA, SU, and both FA + SU for
each diagnostic type.

Table 1 shows the comparisons between the groups defined by the presence of FA
and/or SU. These analyses were performed with bivariate analyses, separately assessing
the associations of each variable (defined in the rows) with the created groups (displayed
in the columns). Results of these analyses contribute to the first objective of the study. No
differences between the groups were found for gender, civil status, education, onset of the
ED, and BMI. Differences between the groups were found for the employment status, age,
and duration of the ED. The distribution of the ED subtypes was also different for the FA
and SU groups being the OSFED condition most associated with FA− and SU−, and BN in
the presence of FA+ and/or SU+.

Table 1. Descriptive statistics of the sample based on the presence of FA and SU.

FA− and SU−
n = 56

FA+ or SU+
n = 159

FA+ and SU+
n = 88

n % n % n % p Groups with Significant
Differences

Gender
Women 49 87.5% 148 93.1% 80 90.9%

0.430
Men 7 12.5% 11 6.9% 8 9.1%

Civil status

Single 42 75.0% 99 62.3% 60 68.2%

0.413Married/partner 9 16.1% 40 25.2% 16 18.2%

Divorced/separated 5 8.9% 20 12.6% 12 13.6%

Education

Primary 23 41.1% 55 34.6% 36 40.9%

0.539Secondary 26 46.4% 73 45.9% 41 46.6%

University 7 12.5% 31 19.5% 11 12.5%

Employment
Unemployed 13 23.2% 30 18.9% 17 19.3%

0.001 *
All pairwise comparisons

with p < 0.05Student 23 41.1% 41 25.8% 9 10.2%

Employed 20 35.7% 88 55.3% 62 70.5%

Mean SD Mean SD Mean SD p

Age (years old) 29.04 12.90 32.56 12.56 34.19 10.93 0.046 * (FA− and SU−) �=
(FA+ and SU+)

Onset ED (years old) 21.68 9.95 20.84 9.80 19.89 9.96 0.556

Duration ED (years) 7.98 8.34 11.94 10.00 15.05 9.74 0.001 *
All pairwise comparisons

with p < 0.05

BMI (kg/m2) 25.34 10.59 28.05 9.42 28.09 9.22 0.160

n % n % n % p Groups with significant
differences

ED subtypes

AN 11 19.6% 17 10.7% 4 4.5%

0.001 *
All pairwise comparisons

with p < 0.05
BN 7 12.5% 71 44.7% 54 61.4%

BED 12 21.4% 38 23.9% 17 19.3%

OSFED 26 46.4% 33 20.8% 13 14.8%

Note. AN: anorexia nervosa. BN: bulimia nervosa. BED: binge eating disorder. ED: eating disorder. OSFED:
other specified feeding or eating disorder. FA−: food addiction negative screening score. FA+: food addiction
positive screening score. SU−: lifetime substances use absent. SU+: lifetime substances use present. SD: standard
deviation. * Bold: significant parameter.

3.2. Association of the Treatment Outcomes with the Presence of FA and SU

Table 2 shows the distribution of the treatment outcomes classified into four categories,
namely dropout, non-remission, partial remission, and full remission for each group,
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defined by the presence of FA and/or lifetime SU. Results of these analyses contribute to
the second objective of the study. The results of the chi-square test comparing the treatment
outcomes between the clinical conditions showed no statistical differences, but an effect
size in the moderate range was found comparing the treatment outcomes between FA+ and
SU+, and FA− and SU−. The comorbid condition of FA+ and SU+ was associated with a
higher risk of dropout. The other comparisons in Table 2 obtained non-significant results
and poor effect sizes.

Table 2. Distribution of the treatment outcomes.

Total FA− and SU− FA+ or SU+ FA+ and SU+ FA+ or SU+
vs.

FA− and SU−
FA+ and SU+

vs.
FA− and SU−

FA+ and SU+
vs.

FA+ or SU+n = 303 n = 56 n = 159 n = 88

n % n % n % n % p |CV| p |CV| p |CV|

Dropout 125 41.3% 21 37.5% 61 38.4% 43 48.9% 0.233 0.141 0.108 0.205 † 0.421 0.107
Non-remission 24 7.9% 9 16.1% 11 6.9% 4 4.5%

Partial
remission 72 23.8% 12 21.4% 40 25.2% 20 22.7%

Full remission 82 27.1% 14 25.0% 47 29.6% 21 23.9%

Note. FA−: food addiction negative screening score. FA+: food addiction positive screening score. SU−: lifetime
substances use absent. SU+: lifetime substances use present. † Bold: effect size into the range mild-moderate to
large-high (|CV| > 0.15).

Table 3 displays the distribution of treatment outcomes categorized into two levels,
namely poor outcome and good outcome. A logistic regression model was employed,
with the group serving as the independent variable, the treatment outcome as the criterion
(i.e., dependent variable), and the ED type as a covariate. These analyses contribute to
addressing the second objective of the study. Adjusted for the ED type, no statistically
significant differences were observed in the pairwise comparisons (effect size was also in
the low range).

Table 3. Comparisons of the treatment outcomes in the study: results adjusted by the ED type.

Total FA− and SU− FA+ or SU+ FA+ and SU+ FA+ or SU+
vs.

FA− and SU−
FA+ & SU+

vs.
FA− and SU−

FA+ and SU+
vs.

FA+ or SU+n = 303 n = 56 n = 159 n = 88

n % n % n % n % p OR p OR p OR

Poor outcome 149 49.2% 30 53.6% 72 45.3% 47 53.4% 0.238 0.68 0.762 0.89 0.238 1.48
Good outcome 154 50.8% 26 46.4% 87 54.7% 41 46.6% 1.47 1.12

Note. FA−: food addiction negative screening score. FA+: food addiction positive screening score. SU−: lifetime
substances use absent. SU+: lifetime substances use present. Poor outcome: dropout or non-remission. Good
outcome: partial remission or full remission. Italics font: inverse of the OR (1/OR).

3.3. Predictors of the Treatment Outcomes in the Study

Table 4 presents the results of the stepwise logistic regression analyses conducted
to identify the significant predictors of treatment outcomes for each group. The list of
potential predictors (independent variables) were the ED types, sociodemographic data (i.e.,
gender, civil status, education, employment status, and age), onset, duration of the ED, and
clinical profile considering the ED symptomatology (EDI-2 total), general psychopathology
(SCL-90R), impulsivity levels (UPPS-P total), and personality traits (TCI-R scales). The
criterion in the model (dependent variable) was represented by 1 = poor outcome (dropout
and non-remission) and 0 = good outcome (partial and full remission). Then, three separate
models were tested for each group: the FA− and SU− group (n = 56), the FA+ or SU+ group
(n = 159), and the FA+ and SU+ group (n = 88). The results of these analyses contributed to
addressing the third objective of the study.
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Table 4. Predictors of poor treatment outcomes in the study.

Subsample Predictors B SE p OR 95%CI (OR) H–L NR2

FA− and SU−
(n = 56) TCI-R Persistence 0.043 0.018 0.017 1.44 1.01 1.08 0.158 0.167

FA+ or SU+
(n = 159)

Onset at the ED (years) −0.048 0.019 0.010 0.953 0.919 0.989 0.181 0.109
TCI-R harm avoidance 0.021 0.009 0.018 1.021 1.004 1.039

FA+ and SU+
(n = 88) Age (years) −0.049 0.021 0.021 0.952 0.914 0.993 0.338 0.084

Note. List of predictors: ED type, sociodemographic variables (gender, civil status, education, employment status,
age), age at onset of ED, duration of ED, ED symptom severity level (EDI-2 total), psychopathology distress
(SCL-90R GSI), impulsivity (UPPS-P total), and personality (TCI-R scales). H–L: Hosmer–Lemeshow test (p-value).
NR2: Nagelkerke’s pseudo-R2.

Significant predictors that referred to a higher likelihood for a poor outcome in each
group were: (a) high persistence levels (TCI-R) in the FA− and SU− group; (b) an earlier
onset of the ED and higher harm avoidance level (TCI-R) in the FA+ or SU+ group; and
(c) being younger in the FA+ and SU+ group. These three logistic models in Table 4 achieved
an adequate fit (p > 0.05 in the Hosmer–Lemeshow tests) and global predictive capacity,
considering a Nagelkerke R2 coefficient of between 0.08 and 0.17.

Table S2 (see Supplementary Materials) includes comparisons of good and poor
outcomes in groups defined for the presence or absence of current FA and lifetime SU. For
the FA− and SU− group, a poor treatment outcome was associated with lower levels of
body dissatisfaction (EDI-2), lack of perseverance (UPPS-P), harm avoidance (TCI-R), and
higher levels of persistence (TCI-R). For the FA+ or SU+ group, a poor treatment outcome
was related to higher scores in the EDI-2 ineffectiveness, TCI-R impulse regulation, a poor
psychopathological state in the SCL-90-R (interpersonal sensitivity, depression, psychotic,
GSI, and PSDI), and a higher TCI-R harm avoidance. For the group with FA+ and SU+, no
differences between patients with good and poor treatment outcomes were found.

Table S3 (see Supplementary Material) presents the results for the subsample of
patients who had a poor treatment outcome (n = 149). The pairwise comparisons between
the FA+ or SU+ group versus the FA+ and SU+ group revealed few statistical differences.
Notably, statistical differences were observed in the UPPS-P impulsivity measures and
TCI-R novelty seeking, with higher scores in the FA+ and SU+ group compared to the
FA+ or SU+ group. In contrast, the FA− and SU− group, when compared to the other
conditions, exhibited lower scores in the EDI-2, SCL-90-R, and UPPS-P scales. Additionally,
their personality profile was characterized by lower novelty seeking and harm avoidance,
as well as higher persistence and self-directedness.

Table S4 (see Supplementary Materials) includes a comparison of the treatment out-
comes of the three groups stratified by the ED type. No statistical differences were found,
but a moderate effect size was found in the AN group, suggesting that the comorbid
condition of FA+ and SU+ in AN was associated with an increased risk of a poor treatment
outcome.

4. Discussion

In recent years, there has been increasing interest in understanding the role of FA
and other comorbid addictions on the clinical status and prognosis of patients with ED.
However, to the best of our knowledge, this is the first study that aims to address whether
the presence of one (i.e., FA or SU) or multiple lifetime addictive behaviors (i.e., FA and SU)
might have an impact on the treatment outcomes of these patients. Because most patients
with an ED have a co-occurrence with some addictive behavior, it is essential to study
them to understand and consider how the addiction perspective can be included in the
care of these patients. Intriguingly, the results suggest that there are no differences related
to the presence of addictive-like behaviors, in terms of treatment outcomes of patients
with ED. However, despite not reaching statistical significance, a moderate effect size was
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observed in the group with both FA and SU, in terms of higher dropout rates than the
non-addiction group.

Similarly to previous findings [23], when comparing patients with a poor treatment
outcome, we found that those with at least one addiction-related behavior were charac-
terized by greater overall psychopathology, more severity of ED, and more dysfunctional
personality traits, compared to the non-addiction group. However, in contrast with our
hypothesis, our findings did not show significant differences in treatment outcomes be-
tween individuals without addictive behaviors and those with FA and/or SU. These results
are in line with a previous study reporting that FA mediates the severity of ED but is not,
per se, directly associated with the treatment response [4]. However, despite the absence
of significant results, when considering diagnostic types separately, the effect size of the
comparisons suggests that the FA+ and SU+ condition was associated with an increased
risk of poor treatment outcomes in patients with AN. Further studies with higher sampling
power are needed to corroborate this hypothesis.

We also hypothesized that patients with one or more addictive behaviors would have
higher dropout rates; however, no statistically significant differences were found between
the three groups. This finding is in line with another study that found no differences
in treatment outcomes between patients with ED who were either with or without SU
disorder [16]. However, it is not consistent with other studies that found greater treatment
dropout rates in patients with addictions [34,35]. In this vein, it should be noted that
these previous studies were conducted with current SU disorders, and not with lifetime
problematic SU, as in this current study, which could explain the lack of differences.
Nonetheless, we observed a moderate effect size, suggesting the comorbid condition of FA+
and SU+ was associated with a higher risk of dropout. It might represent a very relevant
point for clinical practice that deserves further investigation. For instance, it would be
interesting to identify in which treatment session they are most likely to drop out in order
to identify strategies to reduce dropout, as well as to include relevant treatment goals from
the early stages of care, and to discuss addiction.

Regarding predictive models of treatment outcome, our results showed different
features associated with a poor outcome in each group. Firstly, for the group with no
addictive-related behavior (i.e., FA− and SU−), a higher persistence (i.e., higher perfection-
ism and tendency to perseverance and inflexibility) was associated with a poor outcome.
Although some studies have reported that a higher persistence is related to more adherence
to treatment and less risk of dropout [36], other studies have related a high persistence to
the risk of non-remission of the symptomatology, and even relapse, due to the perpetuation
of ED-related maladaptive behaviors [37–41]. In this regard, persistence might be linked
to the motivational processes of these patients. That is, if they are motivated to initiate
treatment, persistence could act as a positive factor related to treatment adherence, despite
the considerable effort involved. However, if patients are maladaptively motivated to
perpetuate ED-related behaviors, persistence may be associated with a poorer treatment
outcome.

Secondly, higher harm avoidance, and an earlier onset of the disorder, were predictors
of poor treatment outcomes in patients who reported FA+ or SU+. Overall, a higher harm
avoidance has been previously associated with a positive FA score [25], and with other
comorbid addictions [42–44]. Some authors have proposed that the link between harm
avoidance and outcomes is based on a lack of functional coping strategies, increasing the
risk of engaging in dysfunctional patterns in food or drug consumption [45,46]. Therefore,
the decrease of harm avoidance through interventions, based on the promotion of adaptive
coping strategies in response to distressing events, could be a good therapeutic target to
reduce the risk of engaging in addictive patterns as well. The relationship between the
age of the onset of ED and a poor treatment outcome is consistent with previous studies
postulating that a younger age of onset of ED may increase its severity and even the risk
of presenting comorbidities such as SU [47,48]. In addition, it has also been associated
with greater difficulties in adapting to the treatment recommendations [49]. Finally, poor
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treatment outcomes in patients with both addictive-related behaviors were associated with
younger age at the time of treatment. This may be related to the postulation that younger
people are more prone to impulsivity [50] and, therefore, could be more prone to engage in
addictive behaviors [51,52].

Limitations and Strengths

The current study has some limitations that should be considered. First, one has to be
cautious in interpreting these results related to lifetime SU, as our results refer to patients
with a history of substance misuse having a non-full diagnosis of SU disorder. Second, all
participants were recruited from a hospital setting and, therefore, the results may not be
representative of the entire population with EDs. Finally, the sample size did not allow for
meaningful comparisons between groups to assess the severity of SU, or compare between
alcohol and other illicit drug users. In addition, it would be interesting to consider how
many different substances the participants had consumed in their lifetime, data that were
not available in this study. Further research with larger sample sizes should analyze these
shortcomings, as well as analyze whether there are differences between the FA+ and SU-
and the FA- and SU+ groups, which were not possible to analyze in this study, due to the
low proportion of patients with ED and lifetime SU but without FA (n = 6). Despite these
limitations, the current study also presents several strengths that should be considered. In
terms of treatment outcomes, identifying predictors of each group (FA+ and SU+, FA+ or
SU+, and FA− and SU−) would improve our ability to better understand the differences
related to these patients’ profiles and, thus, provide better treatment options. Further
research is needed to investigate this further.

5. Conclusions

In conclusion, it is noteworthy that most patients with EDs suffered from FA and/or
lifetime SU, and only the minority did not represent an addictive-related phenotype. Our
results did not show significant differences between the three groups in terms of treatment
outcomes. However, the effect sizes, when comparing the FA+ and SU+ group with those
who did not present any addictive behaviors, suggest higher dropout rates in the former.
Additionally, when comparing those patients with poor outcomes, we found that those
with at least one addiction-related behavior also present greater symptomatological and
psychopathological severity, as well as more dysfunctional personality traits, ratifying the
clinical importance of screening for the presence of addictive behavioral patterns in EDs.
Furthermore, distinctive predictors were found in each group, highlighting the need to
select specific therapeutic strategies to improve the efficacy and adherence to treatments in
these patients with different addictive profiles. Further studies are also needed to analyze
the possible genetic predisposition to FA and SU in these patients, with special attention to
dopamine receptor genes.
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Abstract: Gambling Disorder (GD) has a complex etiology that involves biological and environmental
aspects. From a genetic perspective, neurotrophic factors (NTFs) polymorphisms have been associated
with the risk of developing GD. The aim of this study was to assess the underlying mechanisms
implicated in GD severity by considering the direct and mediational relationship between different
variables including genetic, psychological, socio-demographic, and clinical factors. To do so, we used
genetic variants that were significantly associated with an increased risk for GD and evaluated its
relationship with GD severity through pathway analysis. We found that the interaction between
these genetic variants and other different biopsychological features predicted a higher severity
of GD. On the one hand, the presence of haplotype block 2, interrelated with haplotype block
3, was linked to a more dysfunctional personality profile and a worse psychopathological state,
which, in turn, had a direct link with GD severity. On the other hand, having rs3763614 predicted
higher general psychopathology and therefore, higher GD severity. The current study described the
presence of complex interactions between biopsychosocial variables previously associated with the
etiopathogenesis and severity of GD, while also supporting the involvement of genetic variants from
the NTF family.

Keywords: gambling disorder; severity; neurotrophic genes; socio-demographics; personality traits;
psychopathology

1. Introduction

Gambling is a ubiquitous and generally acceptable activity in our society [1]. Although
most people gamble without suffering health issues, some individuals develop gambling
disorder (GD) [2]. According to the Diagnostic and Statistical Manual of Mental Disorders
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(DSM-5), GD is an addictive disorder characterized by recurrent gambling that leads to
severe psychological, social, and economic consequences [3]. Moreover, recent changes in
availability, promotion, and legislation of gambling activity have resulted in an unprece-
dented growth of the gambling industry, also accompanied by remarkable increases in the
GD prevalence [4,5]. In Europe, GD prevalence is up to 3% while in North America and
Asia it increases to 5% and 6%, respectively [6,7]; it is therefore defined as a major public
health issue which needs to be properly addressed [8].

Even though GD is a relatively recently recognized mental disorder, several risk
factors have already been identified that involve individual or biological variables and
environmental factors [9]. For instance, cultural background and gambling availability, as
well as socio-demographic characteristics (i.e., being single and having low socioeconomic
and educational levels) of the individuals who gamble play an important role in the
development of the disorder [1,10]. Similarly, being male [11,12] and young [10,13] have
been classically considered individual risk factors for GD. Moreover, compared to women,
men present an early GD onset [14,15], although the time between the onset of gambling
activity and the development of gambling problems appears to be shorter in women
(i.e., telescoping effect) [16,17]. Likewise, both males and younger people have preferences
for strategic gambling where the gambler’s skills play a role in the result of the gambling
activity regardless of chance (e.g., casino, cards, sports betting) [9]. Noticeably, they usually
bet higher amounts of money than their counterparts [18], which previous literature has
linked to the severity of the disorder [19]. In contrast, women and older individuals are
characterized by non-strategic gambling preferences (e.g., bingo, lotteries, slot machines)
and higher frequency of comorbid general psychopathology (e.g., anxiety, depressive
symptoms) [20]. In fact, a worse psychological state has been associated with the severity
of gambling behavior among people with GD [21].

In this line, psychological variables have also been of interest and several studies
have found that impulsivity is a nuclear characteristic of addictive-related disorders [22].
Indeed, higher scores on impulsivity measures and related constructs such as personality
traits (i.e., sensation seeking) have been described in GD [22] that are, overall, linked to
younger age, gambling preferences, and higher GD severity [23–25]. Individuals with high
impulsivity are usually younger males with preferences for strategic gambling, whereas
characteristic traits for individuals with a personality profile defined by high harm avoid-
ance tend to be female sex, older age, higher emotional vulnerability, and non-strategic
gambling preferences [20,26]. Taken together, these findings point to the fact that GD
represents a phenotypically heterogeneous disorder [27,28].

From a genetic perspective, several studies have shown that inherited factors account
for approximately 50% of the risk for GD [29,30]. Hence, genetic mechanisms underlying
GD onset, maintenance, and severity are of particular interest. Before genome-wide as-
sociation studies (GWAS) were made possible in GD, molecular genetic studies applied
candidate gene approaches, mainly reporting an involvement of neurochemical systems,
such as the dopaminergic and serotonergic systems [9]. Although GWAS have made con-
siderable progress towards an understanding of many complex diseases [31], the single
case–control GWAS study in GD did not identify significant regions associated with the
disorder. However, an association between a polygenic risk score for alcoholism and sever-
ity of problem gambling was reported, which also supported the idea of a link between
different psychiatric disorders, such as addictive-related disorders (e.g., substance use
disorders and GD), based on shared biopsychosocial vulnerability features [32,33].

Searching for potential genetic targets, previous studies have associated neurotrophic
factors (NTF) with the pathophysiology of neuropsychiatric disorders [34,35]. Precisely,
a recent study by our group [36] analyzed the involvement of NTF genetic variants in
the vulnerability of developing GD. As interesting results, some genetic polymorphisms
related to neurotrophin 3 (NTF3) and the BDNF’s tyrosine kinase receptor type 2 (NTRK2)
genes were significantly related to a higher risk for GD.
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The dysfunctions found in these genetic variants may have endocrine implications
since the expression of the corresponding endogenous ligands would be altered and
would therefore imply changes in normal brain signaling cross-talk. Specifically, NTF3
develops neurogenetic and neuroprotective functions in dopaminergic and noradrenergic
neurons [37] that are involved in addiction and rewards pathways [38,39]. Meanwhile,
NTRK2 binds the brain neurotrophic factor (BDNF), which has been the most studied NTF
among addictive-related disorders to date [34,40,41]. In GD, an increase in its circulating
concentrations has been described, as well as an association between BDNF concentrations
and GD severity [42–45]. At the same time, NTRK2 seems to be binding not only BDNF
but also NTF3 [46]. These findings support the involvement of the NTF family in the
pathophysiology of GD at both genetic and endocrine levels.

Going one step further, clinical implications of these findings should be highlighted
since genetic and endocrine dysfunctions in the complex NTF3 and its receptor (i.e., NTRK3),
as well as in NTRK2 and their targets (i.e., BDNF and NTF3), have also been reported
in affective disorders, attention deficit/hyperactivity disorder (ADHD), and eating disor-
ders (EDs), among others [47–50], which are not infrequently comorbid conditions with
GD [9,51]. With regard to the NTF family, these findings reinforced the idea of common
vulnerability factors among different psychiatric disorders, which may be underlying
transdiagnostic features, such as impulsivity [52,53].

At this stage, there has been a broad consensus that GD is a complex and hetero-
geneous disorder, and several phenotypic profiles of vulnerability have been identified,
which also influence its severity [28,54]. Furthermore, it has also been proposed that GD
probably relates to small genetic contributions in affected individuals’ interaction with
other biopsychosocial variables [9]. While the identification of risk factors associated with
the disorder has been crucial so far, a more comprehensive approach to the multifactorial
interplay (i.e., genotypic, and phenotypic factors) that underlies not only the development
but also the severity of GD would be truly valuable for clinical application.

Characterizing GD severity phenotypes and endophenotypes could also allow clin-
icians to design more personalized preventive and therapeutic interventions aimed at
modifying the course of the disorder since early clinical stages, with a special focus on
those people with more vulnerable characteristics. Furthermore, since research based on
the biological basis of GD is underexplored and no pharmacological treatment is officially
approved in GD to date, a growing body of knowledge related to biological mechanisms
involved in GD could help to elucidate new biological therapeutic targets, such as those
related to the NTF family.

Regrettably, the complex relationship between genotypic and phenotypic features
(e.g., genetic, psychological, clinical, and socio-demographic factors, etc.) means that the
association between genotypes and phenotypes is not straightforward. To the best of our
knowledge, this is the first clinical study that examined potential interactions between
genotype and phenotype in GD with the aim of delineating profiles of vulnerability, which
could also predict GD severity. Regarding genetics, NTF genetic variants significantly
associated with an increased risk for GD were used [36]. Other biopsychosocial variables
were also assessed, namely socio-demographic features (i.e., sex, chronological age, civil
and employment status, educational level), personality profile, general psychopathology,
and some characteristics of the gambling behavior (i.e., age of GD onset, GD duration,
gambling preferences, gambling activity, debts, bets). For that purpose, whereas classical
approaches only allow researchers to test for genotype-phenotype associations, structural
equation models (SEM) are a powerful tool to model complex interactions between risk
factors and consider the direct and indirect (mediational) links between a broad set of
biopsychosocial variables.

Bearing all this in mind, we hypothesized the existence of interactions between genetic
polymorphisms and GD severity. Therefore, the presence of certain genetic variants would
not only predict the presence of the disorder [36] but also its severity. However, considering
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that GD is a complex multifactorial entity, we also envisaged a mediational role of other
biopsychosocial factors in this interaction between genetics and GD severity.

2. Materials and Methods

2.1. Participants and Procedure

The sample was composed of 146 adult outpatients with GD linked to the Behavioral
Addictions Unit in the Department of Psychiatry at the Bellvitge University Hospital
(Catalonia, Spain). All patients in this study fulfilled the DSM-5 criteria for GD [3]. The
recruitment took place between January 2005 and June 2006 [36]. They were evaluated at
the Behavioral Addictions Unit in the Department of Psychiatry at the Bellvitge University
Hospital (Catalonia, Spain). The assessment consisted of two pre-treatment sessions. In
the first session, a semi-structured clinical interview [55] was conducted by experienced
psychologists and psychiatrists with a large clinical and research trajectory in the field of
behavioral addiction such as GD. In the second session, psychometric assessments and
biological samples to analysis genetic variables were obtained. We received completed
clinical assessments and biological samples analysis from all the participants included in
this study.

2.2. Clinical Measurements

Diagnostic Questionnaire for Pathological Gambling According to DSM criteria [56]; Spanish
validation [15]. This is a self-report questionnaire with 19 items, coded in a binary scale
(yes–no), which is used for the GD diagnosis regarding DSM-IV-TR [57] and DSM-5 [3]
criteria. In our sample, the internal consistency was adequate (Cronbach’s alpha α = 0.81).

South Oaks Gambling Screen (SOGS) [58]; Spanish validation [59]. This questionnaire
assesses cognitive, emotional, and behavioral aspects related to problem gambling by
measuring the severity of gambling activity (responses ranging from 0 to 20). With 20 items,
it allows for the differentiation between non-problem gambling (from 0 to 2), light problem
gambling (from 3 to 4), and problem gambling (from 5 to 20, with higher scores being
indicative of higher gambling severity). In our study, the internal consistency was adequate
(α = 0.79).

Symptom Checklist-90 Items Revised (SCL-90-R) [60]; Spanish validation [61]. This is
a self-report questionnaire with 90 items that explores psychological distress and psy-
chopathology using 9 symptomatic dimensions: somatization, obsession-compulsion, inter-
personal sensitivity, depression, anxiety, anger-hostility, phobic anxiety, paranoid ideation,
and psychoticism. It also includes three global indices: Global Severity Index (GSI), Positive
Symptom Total (PST), and Positive Symptom Distress Index (PSDI). In our sample, the
internal consistency was excellent (α = 0.98).

Temperament and Character Inventory-Revised (TCI-R) [62]; Spanish validation [63]. Per-
sonality traits are evaluated according to seven personality factors that are divided into
four factors for temperament (sensation seeking, harm avoidance, reward dependence and
persistence) and three for character (self-directedness, cooperation, and self-transcendence).
This questionnaire consists of 240 items. The internal consistency in our study ranged
between α= 0.71 (novelty seeking) and α= 0.85 (persistence).

2.3. Other Variables

Additional socio-demographic (i.e., sex, chronological age, civil status, educational
level, and employment status) and clinical variables related to gambling (i.e., age of GD
onset and GD duration, type of gambling which motivated seeking-treatment, and type of
gambling modality regarding the preference for strategic gambling, non-strategic or mixed,
the presence of debts, and maximum bets) were measured within the first pre-treatment
evaluation session [64].
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2.4. Genetic Information

Since this study is a continuation of a previous work by our group, genetic data
analyzed in the present study came from the analysis performed by [36]. Briefly, single
nucleotide polymorphisms (SNPs) of several NTF genes (nerve growth factor (NGF) gene
and its receptor (NGFR), neurotrophic tyrosine kinase receptor type 1 (NTRK1), type 2
(NTRK2) and type 3 (NTRK3), BDNF and neurotrophins 3 and 4/5 (NTF3, NTF4), ciliary
neurotrophic factor (CNTF), and its receptor (CNTFR) were selected and genotyped as
previously described by Mercader, Saus et al. [50]. Overall, 183 SNPs were genotyped
using the SNPlex Genotyping System (Applied Biosystems, Foster City, CA, USA) at the
genotyping facilities of CeGen in the Barcelona Node (Centro Nacional de Genotipado,
Genoma España). Of the whole available sample, genotyped SNPs which had a call
rate lower than 80%, were outside the Hardy–Weinberg equilibrium (HWE), or were
monomorphic, were not considered for further analyses (n = 25).

2.5. Statistical Analyses

Statistical analysis was conducted using Stata17 for Windows. The underlying mecha-
nisms between the variables of the study were assessed using path analysis, a straightfor-
ward extension of multiple regressions used for modeling a set of hypothesized associations
into a group of variables, including direct and indirect effects (mediational links) [65]. Path
analysis is currently employed for both exploratory and confirmatory modeling, and
therefore it allows theory testing and theory development [66]. In this work, path analy-
sis was implemented through structural equation modeling (SEM), all parameters were
free-estimated, and the maximum-likelihood method of parameter estimation was used.
Because of the existence of multiple dimensions for the personality profile, a latent variable
was defined by the observed indicators measured with the TCI-R scores, which allowed the
data structure to be simplified and facilitated a more parsimonious fitting [67]. Addition-
ally, with the aim to obtain a final parsimonious model and increase statistical power, an
initial model that included all the potential associations between the variables was defined.
Next, parameters without significant tests were deleted, and the model was respecified
and readjusted. Adequate goodness-of-fit was evaluated for nonsignificant results in the
chi-square test (χ2), root mean square error of approximation RMSEA < 0.08, Bentler’s
Comparative Fit Index CFI > 0.90, Tucker–Lewis Index TLI > 0.90, and standardized root
mean square residual SRMR < 0.10 [68].

3. Results

3.1. Description of the Participants and Distribution of the Genetic Measures

Table 1 summarizes the distribution of socio-demographic and clinical variables in
the study. Most participants were men (n = 134, 91.8%), married (n = 83, 56.8%) or sin-
gle (n = 46, 31.5%), with low education levels (primary, n = 104, 71.2%), and employed
(n = 100, 68.5%). Mean age was 40.2 years (SD = 12.5), mean age of GD onset was 34.2 years
(SD = 11.9), and mean duration of the gambling problems was 13.7 years (SD = 8.6). The
gambling preference with the highest prevalence was non-strategic (n = 125, 85.6%), fol-
lowed by mixed gambling (non-strategic and strategic, n = 16, 11.0%). Slot machines were
the games with the highest prevalence (n = 131, 89.7%), followed by bingo (n = 32, 21.9%),
casino (n = 15, 10.3%), lotteries (n = 13, 8.9%), and cards (n = 10, 6.8%).

Table 2 summarizes the distribution of the genetic variables in the study, all of which
were identified in the study by Solé-Morata et al. [36]. We included four single SNPs
significantly related to GD according to different genetic models: (a) rs796189, the presence
of genotype “AG/GG” (dominant model) and “AG” (overdominant model); (b) rs3763614,
the presence of genotype “CC” (codominant and dominant models) and genotype “CC/TT”
(overdominant model); (c) rs11140783, the presence of genotype “CC” (codominant model);
and, (d) rs3739570 the presence of genotype “CC” (dominant model) and “CC/TT” (over-
dominant model).
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Table 1. Descriptive for the sample (n = 146).

Socio-Demographics n %

Sex Women 12 8.2%
Men 134 91.8%

Civil status Single 46 31.5%
Married—couple 83 56.8%

Divorced—separated 17 11.6%
Education level Primary 104 71.2%

Secondary 36 24.7%
University 6 4.1%

Employment status Unemployed 46 31.5%
Employed 100 68.5%

Age-onset-duration Mean SD
Chronological age (years-old) 40.2 12.52
Onset of gambling problems 34.24 11.89
Duration of gambling problems 13.72 8.60

Gambling activity (reason treatment) n %
Slot-machines 131 89.7%
Bingo 32 21.9%
Lotteries 13 8.9%
Casino 15 10.3%
Cards 10 6.8%

Preference (reason treatment) n %
Only non-strategic 125 85.6%
Only strategic 5 3.4%
Both (non-strategic and strategic) 16 11.0%

Bets Median IQR
Maximum euros per episode 400 300

Debts due to gambling activity n %
Yes 100 71.9%
No 46 28.1%

Note. SD: standard deviation. IQR: interquartile range.* Defined as the risk condition for the sample.

Table 2. Distribution of the genetic variables in the study (n = 146).

n % n %

Block 1 (SNPs: rs6489630, rs7956189) SNP: rs7956189 AA
Haplotype A 85 58.2% AA 98 67.1%

TA 13 8.9% AG * 45 30.8%
TG * 48 32.9% GG * 3 2.1%

Block 2 (SNPs: rs4412435, rs10868241, rs4361832) SNP: rs3739570 CC
*

Haplotype CAA 2 1.4% CC * 130 89.0%
CAG 4 2.7% CT 15 10.3%
CGG 9 6.2% TT 1 0.7%

TGG * 131 89.7% SNP: rs3763614 CC
*

Block 3 (SNPs: rs11140783, rs3739570) CC * 137 93.8%
Haplotype CC * 119 81.5% CT 9 6.2%

CT 14 9.6% SNP: rs11140783
CC *

TC 13 8.9% CC * 133 91.1%
CT 13 8.9%

Note. SNP: single nucleotide polymorphism. * Defined as the risk condition for the sample.

We also analyzed three haplotypes significantly related to GD. Haplotype block 1
included SNPs rs6489630 and rs7956189 in the NTF3 gene, and haplotype “TG” was
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significantly related to an increase in the risk of GD (p = 0.045); haplotype block 2 included
the SNPs rs4412435, rs10868241, and rs4361832 in the NTRK2 gene, and haplotype CAG
(p = 0.048) was related to a decreased risk of GD. Finally, haplotype block 3, defined by the
SNPs rs11140783 and rs3739570 among the NTRK2 gene, showed a significant association
of haplotype CC with an increased risk of GD (p = 0.012) [36].

3.2. Path Analysis

Table 3 shows the association between the genetic variables. Because of the strong
association between haplotype 1 with rs7956189 (Cramer-V = 1.00) and haplotype 3 with
rs3739570 (Cramer-V = 0.737), both SNPs were excluded from the path analysis.

Table 3. Association of the genetic variables in the study (n = 146).

Cramer-V Values 2 3 4 5 6 7

1 Haplotype-1 −0.003 −0.042 1.000 −0.035 −0.124 −0.088
2 Haplotype-2 — 0.187 −0.003 0.315 −0.087 −0.106
3 Haplotype-3 — −0.042 0.737 −0.122 0.656
4 rs7956189 — −0.035 −0.124 −0.088
5 rs3739570 — −0.090 0.044
6 rs3763614 — −0.080
7 rs11140783 —

Note. SNP: single nucleotide polymorphism. Haplotype 1: SNPs: rs6489630, rs7956189. Haplotype 2: SNPs:
rs4412435, rs10868241, rs4361832. Haplotype 3: SNPs: rs11140783, rs3739570.

Figure 1 includes the path diagram with the standardized coefficients for the final
model. Adequate goodness-of-fit was achieved: χ2 = 95.99 (p = 0.239), RMSEA = 0.027 (95%
confidence interval: 0.001 to 0.054), CFI = 0.970, TLI = 0.963 and SRMR = 0.059. The global
predictive capacity valued with the coefficient of determination was CD = 0.490.

Figure 1. Path diagram: standardized coefficients (n = 146). Note: Only significant param-
eter estimates were retained in the final model. SNP: single nucleotide polymorphism. GD:
Gambling Disorder.

The risk group for haplotype block 1 predicted higher debts due to gambling behav-
ior, the group carrying the non-protective allele for haplotype block 2 predicted higher
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bets in the gambling episodes, and the risk group for SNP rs3763614 predicted worse
psychopathological state. Within the SEM, no direct effect was observed for haplotype
block 3 (this predictor only significantly correlated with haplotype 2), and SNP rs11140783
was excluded since there were no significant associations within the structural paths. No
mediational links appeared between the genetic variables with socio-demographics (sex
and age), personality and gambling-related measures.

The latent variable with the personality profile retained five TCI-R scales with signifi-
cant coefficients (persistence and self-transcendence were excluded because of estimates
with p > 0.05). Based on the coefficient’s values, higher scores in the latent variable are
characterized by higher scores in novelty seeking and harm avoidance, and lower scores in
reward-dependence, self-directedness, and cooperativeness. In addition, higher scores in
this latent measure were associated with a worse psychopathological state, and it was also
a mediational link in the relationships between sex and psychopathology.

The remaining significant associations in the diagram indicated that younger age was
a predictor of higher bets per gambling episode and higher GD severity levels, while older
age predicted higher debts. Finally, strategic gambling was associated with higher bets.

Figure 2 includes the results of the path diagram of an additional SEM, which allows
assessing specific associations between the genetic variables with each personality dimen-
sion (the TCI-R variables retained in the model because of significant structural coefficients
were novelty seeking, harm avoidance, and cooperativeness). Adequate goodness of fit
was achieved: χ2 = 76.16 (p = 0.123), RMSEA = 0.038 (95% confidence interval: 0.001 to
0.066), CFI = 0.907, TLI = 0.901, and SRMR = 0.062. The global predictive capacity was
CD = 0.372. This new model showed a mediational link between genetic variables with
personality and psychopathology: carrying the non-protective variant of haplotype 2 was
related to a lower level in the cooperativeness factor, and lower values in this personality
dimension were a predictor of greater psychopathological problems.

Figure 2. Path diagram: standardized coefficients (n = 146). Note: Only significant param-
eter estimates were retained in the final model. SNP: single nucleotide polymorphism. GD:
Gambling Disorder.
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4. Discussion

Most of the evidence accumulated suggests that the development and maintenance
of GD is associated with multiple biopsychosocial variables (e.g., genetics, psychological
features, socio-demographics, etc.) [18]. Apart from being identified as vulnerability factors,
elucidating the relationship between these genotypic and phenotypic features could allow
to define vulnerability profiles of GD [28,54]. Despite its potential clinical and therapeutic
implications, analyses based on the interaction between genotypic and phenotypic factors
in GD are lacking since there are difficulties in defining the associations between variables
under an integrative theoretical model as well as considering the complexity of the interplay
by the measurement of direct and mediational links between them.

Therefore, we aimed to assess whether NTF genetic variants previously associated
with the development of GD [36] were also associated with GD severity in terms of their
interaction with other different biopsychosocial variables. As we hypothesized, through
SEM analysis, we found that the presence of these genetic variants predicted a higher GD
severity, highlighting the mediational role of socio-demographic (e.g., sex, age), psycho-
logical (e.g., personality, and general psychopathology), and clinical variables related to
gambling activity (e.g., age of GD onset).

Overall, the socio-demographic and clinical characteristics of the patients agreed
with those described in previous studies by our group [28,69]. The diagrams showed a
strong correlation between the chronological age and the age of GD onset. Compared to
individuals with a later age of onset, those who started gambling earlier in adolescence had
more severe gambling problems (e.g., higher bets) [70]. In this line, younger age as well as
an early age of GD onset have been bidirectionally linked to higher novelty seeking, which
appears as a mediational factor in the pathogenesis and severity of GD [13,20]. Moreover,
this profile (i.e., younger individuals with an earlier age of onset and higher novelty
seeking) has been associated with lower levels of harm avoidance and cooperativeness, as
we shown when we individually analyzed personality dimensions [20]. Notably, this trend
is probably being accentuated by the advent of new technologies and changes in gambling
availability [71]. On the other hand, a worse psychopathological state was related to
older individuals with GD, which also predicted higher GD severity. Previous studies have
reported higher general psychopathology and higher frequency of psychiatric comorbidities
among older individuals with GD, previous to the development of this disorder [20,21].
Likewise, greater physical and psychological symptoms have also been described because
of GD, possibly contributing to amplifying this maladaptive behavior [72]. According
to our results, the multifactorial networks that mediate GD severity could be associated
with the patients’ age. That is, higher GD severity was positively related to higher novelty
seeking scores in younger patients, who were also characterized by early age of GD onset
and higher bets. In contrast, a worse psychopathological state predicted GD severity among
older individuals with GD, who tended to develop GD later in life but to take on more
debt [21]. All these aspects support the heterogeneity of the disorder and the existence of
subtypes based on different phenotypes and endophenotypes of GD patients [54,73,74].

Analyzing the contribution of sex on the underlying mechanisms of GD severity, a
recent study showed that the complex links mediating GD severity were strongly related
to sex [75]. Thus, while higher GD severity was directly related to a higher cognitive bias
and a younger age of GD onset in men, GD severity was directly increased by younger
age of onset, higher cognitive bias, and lower self-directedness among women. In this
subgroup, lower socio-economic positions and higher levels in harm avoidance had an
indirect effect on GD severity, mediated by the distortions related to the gambling activity.
Going one step further, women generally seek treatment when they are older, and they
commonly show higher levels of associated psychopathology, especially depression and
anxiety, in comparison with men [76,77]. Along this line, although we failed to find a
significant association between age and sex, our SEM showed that being female was
positively associated with higher GD severity, and that this relationship appears to be
mediated by a latent personality variant. Higher scores in this latent variant were translated
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into higher harm avoidance and lower self-directedness, among other personality measured
dimensions. Furthermore, this latent variant predicted a worse psychopathological state.
Considering both SEM analyses, we hypothesize that being a woman with higher levels
of harm avoidance and a worse psychopathological state, despite lower scores in novelty
seeking, would predict higher GD severity. Although our findings could partially be
supported by the results of other studies, gender-specific studies focused on GD are
scarce, and women with GD have been understudied. Therefore, further work is needed
to better understand the differences between both sexes regarding GD severity and its
biological correlates.

Regarding the psychological profile of patients with GD, the final SEM exhibited
an already cited latent personality variable that directly predicted higher GD severity.
Although our latent variable did not allow us to individually estimate the association of
each personality dimension with the severity of GD, the whole picture was in agreement
with previous research [21,78]. Regardless of the differences that may exist by sex or
age, individuals with GD have been characterized as highly impulsive and usually show
high scores in novelty seeking and harm avoidance [79–81]. In addition, a previous study
by our group reported that novelty seeking and harm avoidance were positively and
directly associated with GD severity, and also that sensitivity to reward and to punishment
were meditational factors between these personality traits and GD severity [82]. In the
case of general psychopathology, a worse psychopathological state has been reported
among individuals with GD in comparison with the general population [83]. Interestingly,
psychological distress has been considered a trigger for developing GD as a maladaptive
strategy to regulate negative emotions [84]. Thus, the mediational role of these clinical
features between biological variables and GD severity further emphasizes the complex and
multifactorial etiology of GD [54,73,74].

While the results derived from the analysis of variables other than genetic traits are
in line with the existing literature, one of the strengths of this work lies in its analysis
of the associations between genetic risk variants for GD and the severity of the disorder.
Regarding haplotype block 1, the risk group predicted higher debts due to gambling
behavior in both SEM analysis. Although our study failed to find significant associations
between debts that were caused by gambling activity and GD severity, other studies have
reported a positive link [19].

Within the haplotype block 2, both SEM analyses suggested that the group carrying
the non-protective allele “CAG” is indirectly and positively associated with higher GD
severity. One the one hand, carrying the non-protective allele predicted higher bets in
the gambling episodes, which was, in turn, correlated with higher severity of GD. In
addition, younger age and strategic gambling were also related to higher bets per episode
of gambling, emphasizing the existence of complex interrelations between the different
variables. On the other hand, the non-protective allele was linked to lower cooperativeness,
which predicted higher general psychopathology. These clinical interactions were in line
with the results of previous studies. For example, a recent study based on cluster analysis
showed that the group of patients with higher gambling severity was characterized by
higher bets, younger age, early GD onset, a more dysfunctional personality profile, and
greater psychopathological distress [19]. Although no direct links were observed for the
risk group in haplotype block 3, it was significantly correlated with haplotype block 2,
which are both found in the BDNF receptor’s gene (NTRK2). As they are known to be
involved in some addictive-related disorders such as EDs [85,86], it is not surprising that
genetic variants on this gene would be associated with GD severity. To summarize, the
presence of haplotype block 2, interrelated with haplotype block 3, was associated with
a more dysfunctional personality profile and a worse psychopathological state, which, in
turn, had a direct link with GD severity.

Finally, the presence of a particular CNTFR variant (rs3763614) was indirectly linked
to GD severity through higher general psychopathology. At a molecular level, CNTF
(i.e., CTNFR ligand) was shown to have an important effect on appetite and energy expen-
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diture [87,88]. Thus, in line with previous studies, our findings suggest the existence of a
common genetic pathway that could validate the NTF hypothesis role in some disorders
related to impulsivity, such as EDs and GD [50].

Even though our study adds value to explorations of the interactions between already
described phenotypic variables and genotypic features, genetic associations should be
considered cautiously. Thus, the present work has an exploratory nature, and a causal
relationship should not be established between these genetic markers and GD severity.
Since the multifactorial pathogenesis of GD is complex, further functional analysis that
includes larger samples, a wide range of genetic variants, and epigenetic influences, are
needed to understand their biological impact on GD severity. However, the identification of
genetic variants associated with the severity of a disorder, especially in the era of genomics,
could be interesting from a clinical perspective to improve treatment approaches based on
personalized medicine.

A deeper knowledge about the complex pathophysiology of GD, as well as a better
understanding of the biological factors underlying core clinical features in GD (e.g., genetics)
and their modulatory interaction with other biopsychosocial variables could facilitate the
identification of GD profiles with distinctive clinical implications in terms of, for example,
the severity of the disorder. As a result, more individualized preventive and therapeutic
strategies could be developed, which should be applied beginning in early clinical stages
with the intent of ameliorating a more deleterious clinical course, overall, in patients with
a more severe profile. Along this line, research based on biological therapeutic targets
in GD is still preliminary and scarce, and no pyschopharmalogical drugs are officially
approved for the treatment of GD [9,21]. Therefore, those studies that shed light on
potential biological targets associated with the disorder would be opening the door to
research into their treatment implications. According to previous literature, sharing risk
factors between some disorders (e.g., addictive and impulsive related disorders) would
not be uncommon [89,90]. This fact could also favor new avenues of treatment, such as
through testing pyschopharmalogical drugs that are used in other disorders other than
GD (e.g., substance use disorders), as these biological therapeutic targets may underlie
transdiagnostic phenotypic features (e.g., impulsivity) [52,53].

5. Conclusions

The present study described an interesting vulnerability model based on potential
interactions between genotypic (i.e., NTFs genes) and phenotypic features (i.e., socio-
demographic, psychosocial, and clinical factors) through SEM analysis. These results
provide a deeper insight into the biopsychosocial mechanisms underlying GD severity.
According to the idea that GD is a complex multifactorial disorder, the presence of non-
protective NTF genetic variants predicted a higher GD severity, with a mediational role
of variables such as age, sex, personality traits, general psychopathology, and clinical
features related to gambling behavior. Bearing the phenotypic heterogeneity of the disorder
in mind, this work also sheds new light regarding the existence of vulnerability profiles
whose identification would have potential applications in terms of diagnostic, preventive,
and therapeutic approaches. However, future research based on longitudinal designs,
with larger sample sizes and further functional analysis that includes not only the assess-
ment of other NTF genetic variants but also other genetic targets, or the assessments of a
wide range of biopsychosocial variables, are needed to consolidate these preliminary and
exploratory results.
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Abstract: The reward system is highly relevant to behavioral addictions such as gambling disorder
(GD), internet gaming disorder (IGD), and food addiction/binge eating disorder (FA/BED). Among
other brain regions, the ventral striatum (VS) has been implicated in reward processing. The main
objective of the present state-of-the-art review was to explore in depth the specific role of the VS
in GD, IGD and FA/BED, understanding it as a possible biomarker of these conditions. Studies
analyzing brain changes following interventions for these disorders, and especially those that had
explored possible treatment-related changes in VS, are discussed. More evidence is needed on how
existing treatments (both pharmacological and psychobehavioral) for behavioral addictions affect the
activation of the VS and related circuitry.

Keywords: reward system; ventral striatum; craving; internet gaming disorder; gambling disorder;
binge eating disorder; food addiction

1. Introduction

The reward system is relevant to addictions, both substance and behavioral. Sex
differences across neurobehavioral levels have been reported. It has been suggested that
men may be more sensitive to the behavioral relevance (salience) of incentive stimuli, and
that women and men show no differences in stimulus valence (e.g., losing versus winning
money) [1]. Further, sex differences in motivations for engaging in addictive behaviors
(positive reinforcement motivations for men and negative reinforcement motivations for
women) may be linked to these neurobehavioral relationships [2,3].

This circuit includes structures such as the ventral tegmental area (VTA; a main
brain area involved in the production and projected transmission of dopamine) and the
ventral striatum (VS; a VTA projection site) and other areas (i.e., cortical regions including
the ventromedial prefrontal cortex (vmPFC) and orbitofrontal cortex (OFC) comprising
mesocortical pathways) [4].

The VS encompasses the nucleus accumbens (NAc), together with regions of the
medial caudate nucleus and the rostroventral putamen. The VS receives dopaminergic
input from the midbrain, as well as cortical input from the anterior cingulate cortex (ACC)
and OFC. In turn, the VS projects output to the VTA and the ventral pallidum. These, via
the medial dorsal nucleus of the thalamus, project output back to the prefrontal cortex
(PFC) [5]. A figure including some of the key reward-related brain regions is included
(Figure 1).
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Figure 1. Main brain areas of the reward system anterior cingulate cortex: red; globus pallidus:
orange; nucleus accumbens: royal blue; orbitofrontal cortex: neon green; thalamus: yellow; ventral
tegmental area: cyan.

The VS, and especially the NAc, contribute importantly to reward processing, being
activated by the anticipation and reception of different types of rewards. More specifically,
the VS generates predictions about possible gains and establishes a comparison with
actual outcomes [6]. In fact, it has been observed that the VS shows a higher activation to
positive reward outcomes [7–10], and this activation seems to decrease if possible losses
increase [11]. Moreover, different neurohormones, such as oxytocin, have been linked to
reward systems and social behaviors. Oxytocin may influence dopamine and anandamide
signaling [12] and relates importantly to sexual arousal and orgasm [13,14] and aspects
of maternal bonding [15]. Oxytocin has also been implicated in addictive behaviors and
disorders [16–18]. Dopamine is a relevant reward-related neurotransmitter [19], and it may
influence potentially rewarding behaviors, including food intake [20].

As previously described [21], two complementary theoretical models of addictions
associate the roles of the VS with the development and maintenance of addictions: the
incentive salience [22] and reward deficiency syndrome theories [23,24]. On the one hand,
the incentive salience theory [22] divides motivated behavior into two components: liking
(associated with the experienced value of the reward, usually carried by an unconditional
stimulus) and wanting (associated with the experienced value of the reward, usually carried
by a conditional stimulus/cue). It has been observed that the conditioned cues related
to addiction generate increased responses in the VS in individuals with addictions, as
well as greater motivated behavior. On the other hand, the reward deficiency syndrome
theory [23,24] postulates that individuals with addictions present with alterations in reward
pathways and, in particular, a hypoactivation of these brain regions, together with a reduced
pleasurable experience derived from non-addiction-related rewards. Therefore, addictive
behaviors are used to stimulate the reward circuitry and, consequently, to compensate for
reward deficiencies.

In this context, VS-cortical circuitry has been considered relevant to craving [25], and
alterations in VS-cortical connectivity have been observed in both substance use disor-
ders (SUDs) [26,27] and behavioral addictions [28,29]. The behavioral addictions most
studied at the neurobiological level and accepted in the Diagnostic and Statistical Man-
ual of Mental Disorders, Fifth Edition [30] or the International Classification of Diseases,
11th Revision [31] have been gambling disorder (GD) and internet gaming disorder (IGD;
termed gaming disorder in the International Classification of Diseases, 11th Revision). GD is
characterized by a maladaptive pattern of gambling behavior that persists despite negative
consequences in major areas of life functioning [30]. IGD is characterized by difficulties in
controlling excessive/interfering levels of videogaming, often with the presence of toler-
ance, withdrawal, and negative consequences in major life domains [30]. Likewise, food
addiction (FA; typically to highly processed, hyperpalatable and densely caloric foods)
has been proposed as another possible addiction, although it has been debated and FA is
neither in the Diagnostic and Statistical Manual of Mental Disorders Fifth Edition, nor the
International Classification of Diseases, 11th Revision. FA may have overlapping neurobio-
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logical systems, particularly when highly palatable foods activate reward circuitry as do
substances in SUDs, and these processes may be particularly relevant in people with binge
eating disorder (BED) [32]. For example, both in individuals with SUDs and in animal
models focused on food intake/binge eating, decreased striatal dopaminergic release has
been observed, as well as increased reward thresholds [33]. There is a high co-occurrence of
FA with BED and similarities between the two constructs (e.g., although BED has been di-
agnosed as an eating disorder in the Diagnostic and Statistical Manual of Mental Disorders
Fifth Edition [30], it has also been considered an addiction-like behavior [34]); however,
they do not completely overlap [35]. Some authors have suggested that individuals with
BED who present with FA have greater clinical impairment, possibly due to the impact of an
addictive process [35] and, among individuals with BED, those with FA have demonstrated
poorer treatment outcomes [36]. Epigenetic mechanisms, including with respect to early
life food intake, may contribute to FA and other addictive behaviors [37,38].

The main objective of the present state-of-the-art review was to explore in depth the
specific role of the VS in GD, IGD and FA/BED, considering it as a possible biomarker
of behavioral addictions with treatment relevance. The aim was to review studies that
had analyzed changes at the brain level after the application of interventions for these
disorders, and especially those that had explored possible changes in the VS related to
these treatments.

2. Materials and Methods

The present state-of-the-art review aimed to provide a comprehensive review of the
existing literature and to describe the main findings in a narrative format. For this pur-
pose, both PubMed and Google Scholar were searched for scientific articles that had been
published in peer-reviewed international journals up to 20 December 2022. Both reviews
and original studies with human samples of one or more participants were considered.
Articles in both adolescent and adult populations with a diagnosis of GD, IGD or FA/BED
were considered. Articles published in both English and Spanish were included. The dif-
ferent searches used terms such as functional magnetic resonance imaging (fMRI), ventral
striatum, gambling, gaming, binge eating disorder, food addiction, cognitive behavioral
therapy (CBT), treatment, intervention, pharmacotherapy and recovery, among others.

3. Results

3.1. Ventral Striatal Activation and GD

The VS has been implicated in urges in GD, as well as behavioral and physiological
responses to rewards, and it has been hypothesized that differences in VS function may
predispose individuals to develop addictions [39]. More specifically, greater gray-matter
volume in the right VS has been described in individuals with (versus without) GD [40].
Alterations in dopaminergically innervated regions associated with reward, risk and moti-
vation, such as the VS and vmPFC, have been described in individuals with GD [41–43].
Activity in the VS, together with the vmPFC, may reflect both probabilities and magni-
tudes of potential wins related to risky choices, so that these brain regions could present
a coordinated representation of both decisional parameters [44]. However, some authors
have been critical of the simplicity of theories of the neurobiological basis of GD, given that
both hypersensitivity and hyposensitivity of the VS and other ventral regions of the reward
system, such as the vmPFC, have been described [28,45–48].

Some studies have analyzed the role of VS in the processing of different types of
stimuli in individuals with GD. For example, some have observed a blunted activation
of the VS and the ventral PFC of individuals with GD in the processing of monetary
rewards [49–51]. In one study, individuals with (versus without) GD presented differential
responses to erotic versus monetary stimuli and, in particular, a reduced sensitivity toward
erotic stimuli [52]. Considering the role of VS in instrumental motivation and in the context
of imbalance hypotheses, the authors suggest that this asymmetric response pattern may
be evidence of a neurophysiological mechanism in which monetary stimuli overpower
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other types of stimuli in terms of incentive salience. The extent of this differential response
between both types of stimuli has been statistically predicted by the severity of GD, so
that differential cue reactivity may be a defining feature of GD. Increased VS, dorsolateral
prefrontal cortex (DLPFC) and ACC activation have also been described in individuals
with GD, compared to controls, when presented with gambling-related cues versus neutral
stimuli [53]. Differences in the response to gambling versus food cues have also been
explored in individuals with GD. Individuals with (versus without) GD presented greater
reactivity to gambling cues, but not to food cues [54]. Likewise, in the GD group, a positive
association was observed between gambling-related craving and gambling cue-related
activity in the VS, as well as a negative association with functional connectivity (FC)
between the VS and the medial PFC [54]. However, other studies have reported relatively
blunted VS activation in GD during simulated gambling, with the degree of activation
inversely associated with problem gambling severity. Similarly, during the presentation
of complex video cues that elicited gambling urges, individuals with (versus without)
GD showed blunted VS activation, with similar findings in people with (versus without)
cocaine use disorder noted in response to comparable cocaine-related cues. Thus, not
all stimuli elicit increased brain responses in the reward-related circuitry in individuals
with GD.

Relationships between near-misses (e.g., when 2 reels on a slot machine match but the
third does not) and the VS have also been explored. It has been suggested that near-misses
activate brain areas similar to wins. In fact, near-misses may lead to greater VS activity
compared to non-winning full-miss events [55–57]. Neural signaling in the VS (involved
in reinforcement learning) may be explained by near-misses being close to wins, so they
may be erroneously considered as a sign of skill acquisition and enhance motivations for
gambling [58]. This may explain why some studies have observed amplified VS responses
to near-misses in individuals with (versus without) GD [58].

3.1.1. Neural Mechanisms of Recovery in GD
Pharmacological Interventions for GD

Currently, no pharmacological intervention has been approved by regulatory bodies
with an indication for GD, and the study of pharmacotherapies for GD is thus needed.
However, the efficacy of different medications for the treatment of GD has been explored,
with mixed or negative evidence for lithium, serotonergic antidepressants, catechol-O-
methyltransferase inhibitors (e.g., tolcapone), glutamatergic agents, neuroleptics, opioid
receptor antagonists and dopamine-1-receptor and dopamine-2-receptor antagonists [59].
The efficacy of these drugs at the neuronal level warrants more examination and, to the
best of our knowledge, to date there are no studies that focus on the specific effects of these
medications on the VS.

Bupropion. Brain measures were obtained from three groups: 15 participants with
online GD, 16 participants with IGD and 15 control participants with neither disorder [60].
In the online GD group, after 12 weeks of pharmacotherapy with bupropion, there was
a reduction in FC in the default mode network, whereas there was an increase in FC in a
cognitive control network. In addition, compared to the IGD group, individuals with online
GD showed greater FC in the cognitive control network. Theoretically, pro-dopaminergic
effects related to bupropion could stimulate activity of top-down circuitry and impact
cognitive control networks, promoting more advantageous decision-making.

Tolcapone. A study explored the efficacy of 8 weeks of oral tolcapone, a catechol-O-
methyltransferase inhibitor, in 12 individuals with GD through fMRI and an executive-
planning task [61]. At baseline, patients with GD, compared to controls, showed fronto-
parietal under-activation during the executive-planning task. After pharmacological inter-
vention a reduction of IGD symptomatology was observed, which correlated significantly
with the increase in fronto-parietal engagement. Treatment response was also related to a
functional allelic variant of the gene coding for the catechol-O-methyltransferase protein,
suggesting that personalized medicine approaches may be warranted.
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Fluvoxamine. A case study explored brain activations with respect to fluvoxamine
administration [62]. The individual with GD showed frontal, occipital and parietal activa-
tions at baseline with the presentation of playing cards. A decrease in the activated brain
areas was observed after fluvoxamine, which was linked to a reduction in the desire to
gamble. However, as it is a case report and there was no placebo control, more empirical
evidence is needed.

Lithium. The efficacy of lithium has been tested in individuals with GD and co-
occurring bipolar-spectrum disorders. Positron emission tomography was used to explore
mechanisms related to treatment efficacy [63,64]. Lithium may increase the relative glucose
metabolic rate in the ventral caudate, albeit not to a statistically significant level, in individ-
uals with GD and bipolar-spectrum disorders. Moreover, lithium may increase the relative
glucose metabolic rate in the OFC, DLPFC and posterior cingulate cortex [64].

Psychobehavioral Interventions for GD

Cognitive behavioral therapy (CBT). A proof-of-concept fMRI study [65] aimed to
examine neural mechanisms related to treatment outcomes for GD. Seven treatment-seeking
individuals with GD (with co-occurring tobacco use disorder) performed the Stroop task
during fMRI before initiating treatment for GD. The treatment consisted of six weeks of CBT,
and also included imaginal desensitization motivational interviewing, smoking cessation
instruction, and either the amino-acid dietary supplement N-acetyl cysteine or placebo.
N-acetyl cysteine is a nutraceutical that can influence VS dopaminergic function through
glutamatergic mechanisms. The authors hypothesized that VS activation during the Stroop
task would inversely correlate with pretreatment GD severity. It was further hypothesized
that VS activity during the pretreatment Stroop task would correlate with improvements
in post-treatment GD symptomatology. A positive correlation was found between GD
symptomatology and activation of the right VS, including the NAc, thus providing some
support for a role for the VS in treatment outcomes for GD.

Neuromodulatory Interventions for GD

Repetitive transcranial magnetic stimulation (rTMS) is a neuromodulatory approach to
modify brain circuit function, including those related to control over craving [8,9]. However,
studies on this non-invasive procedure in GD are relatively scarce. Thus, it may be relevant
to focus on neurobiological similarities between gambling urges and drug craving in SUDs
to facilitate advances [66,67]. Existing studies in addictions have considered stimulation
of the DLPFC [68–71]. Through its connections with the VS and the VTA, the DLPFC may
influence the function of mesostriatal and mesolimbic pathways. Therefore, stimulation
of the DLPFC could potentially increase cognitive control over craving [68]. While this
may involve dopaminergic circuits, some authors have suggested that stimulation of the
DLPFC may have an impact on GABA and glutamate levels in this brain region and
connected circuitry, which includes the VS. This may theoretically facilitate dopamine
release indirectly in the mesocortical pathway, reducing levels of craving, impulsivity and
reward-seeking [72].

3.2. Ventral Striatal Activation and IGD

A tripartite neurocognitive model has been proposed for IGD [73]. This would include
a dual process that suggests that both the development and maintenance of this disorder
may involve hyperactivity of the reward system (amygdala-VS-dependent) in response
to gaming-related cues, together with the weakening of inhibition (DLPFC-dependent).
The third system could refer to the interoceptive awareness system (insula-dependent),
which may involve converting somatic signals of reward obtained with video games into
subjective desire. Based on this theoretical model, it was hypothesized that IGD severity
scores among people who played League of Legends would be positively related to the
activation of the reward system and that, in turn, they would be negatively linked to the
activation of prefrontal areas [74]. It was observed that the VS was more strongly activated
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in people who played League of Legends in response to gaming-related cues, and that the
left frontal pole and DLPFC were more weakly activated compared to comparison subjects
(who did not play League of Legends). Stronger activations of the VS have been reported in
individuals with (versus without) IGD in other studies [75,76], as well as less activation in
the DLPFC and inferior parietal lobe during the evaluation of potential losses and the risk
perception [76]. This increased activation of the VS in the face of addiction-related cues
appears to be a shared factor between IGD, GD and SUDs [77].

Data provide insights into the negative associations between craving and cue-induced
activations in the VS [78], as well as the positive relationship between both factors in the
dorsal striatum [79,80] in the case of individuals with SUDs. In this context, in individuals
with IGD, brain activity in the left VS was inversely related to gaming-cue induced craving,
which may suggest that in IGD there is a decreased involvement of the VS in cue process-
ing [81]. A positive association between activation of the dorsal striatum and IGD duration
was noted. In individuals with IGD, a negative association was observed between right VS
volumes and cue-induced activity in the left putamen. Abnormal resting-state FC within
a dorsal striatum network and VS network (i.e., reduced caudate–DLPFC and NAc–OFC
resting-state FC strength) in individuals with IGD has also been described [82]. It has been
suggested that the VS has an essential role in the early stages of addictions, while in later
stages the dorsal striatum may be more involved in the compulsive aspects of addictions,
highlighting a relevant shift [83,84].

The frequent use of video games has been associated with dopamine release in the
VS [85], as well as with an increased volume of the left VS [86], which may reflect an
alteration in reward processing [87]. Similarly, in individuals with IGD, larger volumes of
the VS, specifically the NAc, as well as the dorsal striatum, specifically the caudate, have
been observed [88]. However, other studies have obtained opposite results, suggesting that
individuals with (versus without) IGD may have reduced striatal volumes, especially in
the VS [89,90].

Some studies have highlighted an association between the VS and the left OFC (as-
sociated with cue reactivity in individuals with IGD) and the right inferior frontal gyrus
(associated with inhibition processing) in individuals with IGD [91]. Other studies have
found that, in the VS, individuals with IGD, compared to those with recreational game use,
exhibited lower FC with the middle frontal gyrus, especially on the left and mostly in the
supplementary motor area (involved in motor planning and execution) [92]. Therefore,
considering that the VS is associated with the learning values of stimuli, the lower FC
with the middle frontal gyrus may suggest that individuals with IGD present a possible
disconnection between stimulus evaluation and behavioral responses in domains such as
response inhibition [92]. Likewise, during response inhibition under high-load tasks, indi-
viduals with IGD present an increased inefficient engagement of the VS and DLPFC, which
may highlight their vulnerability to inappropriate response inhibition with higher-level
cognitive skills [93].

Taking into account specific aspects of IGD, it has been suggested that greater IGD
severity may increase the effective connectivity between the VS bilaterally [94]. IGD severity
has also been associated with VS bias for monetary rewards [95], and has been negatively
associated with FC between frontal and striatal brain areas [96]. Furthermore, the number
of IGD symptoms appears to be negatively associated with dorsal-ACC-VS resting-state FC,
suggesting that it may be considered as a biomarker of IGD, as well as an important target
for interventions addressing this disorder [97]. The functional coupling between dorsal
ACC and VS may be involved in feedback learning. Therefore, the alterations presented
by individuals with IGD may imply difficulties in representing value signals attached to
action outcome relationships and, consequently, learning problems [98].

3.2.1. Neural Mechanisms of Recovery in IGD

Several studies have explored neural mechanisms involved in the recovery of individ-
uals with IGD. For example, Dong et al. [99] hypothesized that brain regions involved in
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craving, such as the striatum, may show less activation in those individuals recovered from
IGD (without formal intervention), compared to those with active IGD, when exposed to
gaming cues. The authors observed decreased craving responses to gaming-related cues at
both subjective and neural levels in individuals with IGD in recovery. More specifically,
individuals recovered from IGD showed relatively diminished AAC activation and de-
creased gaming-cue related activations in the vmPFC/OFC and lentiform nucleus, thus
possibly presenting a lower motivation to perform gaming. Likewise, cue-elicited activation
of the lentiform nucleus has also been related to the development of IGD in individuals
with regular videogame use [100]. Therefore, in both the emergence and recovery of IGD,
gaming-cue elicited lentiform activity should be considered. Therefore, these authors
highlighted the need to consider craving reduction in IGD as a potential neural target for
interventions such as neuromodulation or behavioral approaches [99].

Pharmacological Interventions for IGD

Several pharmacological options have been suggested for IGD. Drugs used for treating
depression (bupropion and escitalopram) and attention deficit/hyperactivity disorder
(methylphenidate and atomoxetine), conditions that frequently co-occur with IGD, have
been evaluated in IGD treatment [60,101–104]. However, no pharmacological intervention
has a formal indication for the treatment of IGD, and none of the proposed options have
been sufficiently evaluated for their efficacy and tolerability [105].

Few studies have explored the neural effects of pharmacological interventions in
individuals with IGD, and of these, to the best of our knowledge, none have specifically
examined the effect on the VS. In one study of IGD, GD and control comparison subjects [60],
a reduction in FC in the posterior default mode network and between the posterior default
mode network and the cognitive control network was observed in individuals with IGD
after 12 weeks of bupropion treatment. Furthermore, the authors noted that FC in the
default mode network was positively correlated with changes in IGD symptomatology
after pharmacological intervention. A 12-week double blind prospective trial compared
bupropion and escitalopram in 30 individuals with IGD and major depressive disorder (15
in each group) [106]. In the case of bupropion, a significant reduction in FC was observed
in the salience network and between the salience network and the default mode network.
In contrast, in the escitalopram group, only a reduction of FC in the default mode network
was found. Speculatively, bupropion may show greater efficiency than escitalopram in
reducing impulsivity and attentional symptoms, while both drugs may reduce depressive
and IGD symptoms.

Psychobehavioral Interventions for IGD

Following behavioral interventions in patients with addictions (both substance and
behavioral), changes in cortico-striatal function have been observed. In studies of indi-
viduals with SUDs, cortico-striatal circuitry has been a proposed mechanism underlying
different treatments, such as cognitive therapy [107], mindfulness-oriented recovery en-
hancement [108], and cue-exposure based extinction training [109]. This may imply that
cortico-striatal circuitry may also be altered in IGD, and the improvement of the functional-
ity of this circuitry may be a mechanism underlying psychobehavioral interventions.

CBT. Han et al. [110] compared 26 individuals with IGD and 30 comparison subjects
without, and examined the efficacy of CBT in 20 individuals with IGD. The CBT consisted
of 12 group sessions lasting 1.5–2 h each in which topics such as emotion recognition,
impulse control, and recognition and control of addictive behaviors were addressed. The
authors hypothesized that individuals with IGD would present abnormal brain connectivity
in prefrontal-striatal areas and that CBT would be effective in regulating this abnormal
function. The results of the study suggested that CBT may regulate the abnormal low-
frequency fluctuations in prefrontal-striatal areas of individuals with IGD and, consequently,
improve IGD symptomatology.
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The efficacy of CBT was contrasted with the efficacy of virtual reality in a study
involving 36 individuals with IGD, 24 of whom were randomly assigned to the CBT group,
while the remaining 12 were assigned to the virtual reality group [111]. The virtual reality
program, lasting eight sessions, was designed to increase balanced activation of the brain
reward circuitry with stimulation of the limbic system. More specifically, the intervention
aimed to stimulate both the striatum (linked to craving) and the temporal lobe (linked to
aversion), as well as to facilitate limbic-regulated responses to reward stimuli. The process
was tested by pairing scenes of aversive consequences of gaming behavior and craving-
inducing game-related stimuli. Both CBT and the virtual reality program showed similar
effects on the reduction of IGD symptomatology. Likewise, the virtual reality program
improved balance in the cortico-striatal-limbic circuit. Therefore, the authors suggested that
virtual reality may be an effective tool for the facilitation of limbic-regulated responses to
rewarding stimuli. Studies exploring the specific effects of CBT on VS activity are needed.

Family therapy. Han et al. [112] observed a change of striatal activity after family
therapy in adolescents with IGD. The family therapy consisted of five sessions to increase
family cohesion, along with two assessment sessions. Those adolescents with IGD and
a poor family relationship may use video games as a compensatory strategy for reward
deficits (potentially related to VS activity) relating to poor parental support. Both romantic
and maternal love may influence activation of the striatum, as part of reward circuitry.

Craving behavioral intervention (CBI). Several studies have explored the impact of
CBI on the VS of individuals with IGD. CBI is an intervention focused on reducing craving
levels. The different studies that have used this intervention have used it in a group format
(between 8–9 individuals) and organized in 6 weekly sessions in which topics such as
perception and recognition of craving and training in coping skills and mindfulness to
reduce craving are addressed [113].

Zhang et al. [113] evaluated effects of CBI on the resting-state FC of the VS. More
specifically, the authors compared 76 individuals with IGD with 41 control participants,
assessing resting-state FC of the VS. Of the individuals with IGD, 25 received CBI while 19
did not. Individuals with (versus without) IGD showed a significantly higher resting-state
FC of VS to the left middle frontal gyrus, the left inferior parietal lobule and the right
inferior frontal gyrus. When comparing the posttest with the pretest of IGD individuals
who had received CBI, a significant reduction of the strength of VS-left inferior parietal
lobule connectivity was observed (p = 0.001). However, the group of IGD individuals who
had not undergone CBI showed no change between pretest and posttest (p = 0.73). In the
light of these findings, the authors suggested that VS-left inferior parietal lobule FC may be
considered as a stable biomarker for CBI efficacy in IGD. However, VS-left middle frontal
gyrus, and especially VS-right inferior frontal gyrus connectivity, may not be regarded as
specific markers of CBI efficacy, since they decreased significantly in both groups (the one
that had undergone CBI and the one that had not). Considering this potential biomarker,
non-invasive techniques, such as transcranial magnetic stimulation and transcranial direct
current stimulation (tDCS) may be considered for treatment of IGD.

In a subsequent publication, Zhang et al. [114] hypothesized that individuals with
(versus without) IGD may have greater activation of reward-related areas, including the
VS, involved in cue-induced craving. The authors analyzed the efficacy of CBI by com-
paring a group of 23 individuals with IGD who received the intervention with a group of
17 individuals with IGD who did not. At a behavioral level, CBI reduced cue-induced
craving and IGD severity. However, the intervention, at the neural level, did not “normal-
ize” IGD-related cue-induced brain activation identified at baseline. Therefore, CBI may
not have impacted the reward system and, specifically, the VS. However, CBI appeared to
have impacted another brain region, the anterior insula, which at baseline had shown no
differences between individuals with and without IGD. Therefore, the authors suggested
that this intervention, rather than directly altering regions involved in reinforcement, may
modulate brain areas involved in higher-level cognitive functioning. Thus, it was suggested
that future studies may test combinations of CBI with other interventions that have a direct
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effect on the VS and other regions involved in cue reactivity, such as pharmacological inter-
ventions, non-invasive procedures such as transcranial magnetic stimulation or invasive
procedures such as deep-brain stimulation.

Wang et al. [115], who also administered CBI to individuals with IGD, observed that some
reward-related brain areas, especially the ventral and dorsal striatum, were not involved in
their classification analysis. These findings are consistent with previous studies, which found
that these specific areas did not show differences in activation to cue reactivity tasks [116].
One explanation suggested by the authors is that the individuals included in their study were
in later stages of the addiction process, so it is possible that videogame-related stimuli may be
evoking less robust responses than the gaming behavior itself.

Finally, Liu et al. [117] observed an association between changes in craving levels and
IGD severity at six months after CBI and connectivity differences in the left angular gyrus
and vmPFC. However, given that most previous studies have focused on the VS and other
regions involved in reward processing, such as the vmPFC, the specific role of the angular
gyrus in craving warrants direct examination.

Equine-assisted therapy. Kang et al. [118] explored the neural correlates of equine-
assisted therapy and insecure attachment in 15 adolescents with and 15 without IGD. This
intervention included 12 x 60-min therapeutic riding sessions. Although the authors did not
specifically focus on examining the VS, they observed that the intervention reduced IGD
severity and increased FC in an affective network, which was associated with attachment
in both adolescents with and without IGD.

Neuromodulatory Interventions for IGD

Some studies have used transcranial magnetic stimulation in individuals with IGD [119–121].
Most of these studies, as with GD, have focused on the DLPFC. Cue-induced craving may involve
automatic responses to addiction-related cues that may be difficult to attenuate [120]. TDCS
of the DLPFC may enhance control over both negative emotions and craving [121] and have
effects on control and reward systems [120]. Hyperactivation of reward networks (including the
striatum) may induce neuroadaptations in craving, in response to addiction-related stimuli [120].
Therefore, weakening the neural-processes related behaviors linked to craving may require
improving executive control in individuals with IGD [120]. RTMS may also augment activity in
frontostriatal circuits and, consequently, reduce craving and improve cognitive functioning [122].

3.3. Ventral Striatal Activation and BED/FA

FA models are based in part on neurobiological evidence in individuals with obesity,
although this approach has been debated. Individuals with obesity may demonstrate
greater cue-evoked activation of the VS and other cortical-striatal areas that encode food-
related reward cues [123–125]. Furthermore, this food-cue evoked activation has been
associated with subjective assessments of craving [126,127]. However, the specific role of
the VS in individuals with FA warrants further consideration. FA has shown similarities
with SUDs with respect to ventral striatal sensitization, but arguably not dorsal striatal
alterations [128]. FA scores have been associated with VS activity [129]. Fasting has been
associated with greater sensitivity of VS to the reward value of food, and this relationship
may be modulated by FA [128]. At a theoretical level, FA has been associated with a reduced
responsivity of a dorsal striatum network to changes in the reward value of food following
satiety [130,131]. Similarly, individuals with BED may present a greater sensitivity to
rewarding stimuli, associated with increased activity in the VS and other reward-related
brain regions, such as the insula or the OFC, during the presentation of food cues [132].

3.3.1. Neural Mechanisms of Recovery in BED/FA
Pharmacological Interventions for BED/FA

As described previously [133], pharmacological treatments have been examined for
BED including monoamine stimulants; monoamine reuptake inhibitors; 5-HT2C and trace
amine receptor agonists; mu opioid, NOP, orexin 1, cannabinoid and receptor antagonists;
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glutamate N-methyl-D-aspartate receptor antagonists; Sigma1 ligands; and GABAB recep-
tor agonists. However, although the efficacy of these options has been explored to a greater
or lesser extent, there is an evident lack of studies examining the specific impact of these
drugs on the VS.

Sibutramine. Few studies have tested the efficacy of pharmacological interventions
at a neurobiological level. Balodis et al. [134] tested 19 patients with obesity and BED over
4 months of treatment with sibutramine and cognitive behavioral-self-help interventions,
alone or in combination. Together with findings from their previous study [135], the
authors suggested that individuals with BED have relatively diminished activation of
reward circuitry, including the VS, to monetary cues. Further, among individuals with BED,
those who exhibited persistent bingeing behaviors following treatment demonstrated less
activation of reward circuitry (including the VA) to monetary cues at baseline. The reduced
frontostriatal responses to non-food rewards seem to be relevant to treatment outcome,
which suggest a certain pathophysiology of BED [133] that is similar to those of SUDs and
their treatment responses, including in tobacco and cocaine use disorders.

Lisdexamfetamine. The effects of lisdexamfetamine at the neurobiological level have
also been tested in individuals with BED [136]. Fleck et al. [137] observed that, at baseline,
20 women with BED had greater activation of the striatum, ventrolateral PFC and globus
pallidus during the presentation of food images. This activation was related to treatment
outcome. After 12 weeks of treatment, women with BED showed significant reductions in
globus pallidus activation. Likewise, reductions in vmPFC correlated with reductions in
binge eating behaviors. Other studies have associated lisdexamfetamine with reduced ac-
tivity bilaterally in the thalamus in individuals with BED when viewing food pictures [138].
Likewise, lisdexamfetamine appears to reduce motor impulsivity, but does not appear to
have an effect on working memory or emotional bias [138]. Lisdexamfetamine is currently
the only drug with formal regulatory approval for treating BED.

Mu opioid receptor antagonist. The effects of GSK1521498, a mu opioid receptor
antagonist, have also been tested in individuals with BED [139]. Twenty-eight days of
treatment were associated with a significant reduction in pallidatum/putamen responses
to high-calorie food images. However, subjective liking toward these images increased
after pharmacological treatment.

Psychobehavioral Interventions for BED/FA

Reward re-training (RTT). The efficacy of RTT has been explored at a neurobiolog-
ical level. RRT is a 10-session group-based behavioral treatment that aims to augment
standard CBT [140]. It focuses on the identification and implementation of activities to
increase responses to monetary and sustained rewards. RRT appears to have an impact
on the hypo- and hyper-reward response of individuals with BED, as assessed by self-
report and fMRI [140]. However, empirical evidence about the specific impact of different
psychobehavioral interventions on the VS in individuals with BED/FA is needed.

CBT. Thirty-five studies that have used CBT to treat individuals with BED were iden-
tified in a meta-analysis [141]. However, there is a lack of studies assessing CBT in relation
to the reward system. To the best of our knowledge, only the study by Balodis et al. [134]
(mentioned above) examined brain relationships with multiple treatments including CBT.
More research is needed to examine brain measures related to CBT specifically and its
putative active ingredients, as is the case for other disorders like GD [65].

Neuromodulatory Interventions for BED/FA

A proof-of-concept study examined tDCS in individuals with BED (Burgess et al.,
2016). Thirty individuals with BED were administered tDCS to DLPFC areas. However,
the mechanisms of tDCS on the DLPFC in BED are unclear. On the one hand, stimulation
may disrupt reward neurocircuitry from signaling. On the other hand, it may accelerate
satiety signaling, thereby decreasing food consumption. These findings suggested different
recovery processes in BED.
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Dunlop et al. [142] administered 20–30 sessions of rTMS in 28 subjects with anorexia
nervosa, binge-purge subtype or bulimia nervosa. Individuals were stratified into respon-
der and non-responder groups regarding ≥50% reduction in weekly binge/purge frequency.
Enhanced frontostriatal connectivity was linked in responders to dmPFC-repetitive TMS
for binge/purge behaviors. In the non-responder group, rTMS generated paradoxical sup-
pression of frontostriatal connectivity. However, studies exploring effects of non-invasive
procedures on the VS in individuals with BED/FA are needed.

4. Limitations and Future Studies

First, it should be noted that the narrative nature of the present state-of-the art review
has potential biases that future studies could resolve by conducting systematic reviews
following PRISMA standards. Second, few studies have evaluated possible biomarkers
in behavioral addictions and the effect of treatments on them. Even fewer studies have
focused on the impact of both pharmacological and psychobehavioral interventions on the
VS and the reward system. Moreover, studies that currently exist have typically used very
small samples and heterogeneous treatments, making the results difficult to generalize and
compare. Finally, the lack of clinical recognition of an FA construct makes its evaluation and
treatment difficult and promotes heterogeneous study methodologies. Future studies could
explore the specific role of the VS in behavioral addictions and the impacts of different
treatments on them using large samples and less biased study designs.

5. Conclusions

The VS has been suggested as a relevant biomarker in behavioral addictions including
GD, IGD and FA/BED due to its role in reward processing. However, more evidence
is needed on how existing treatments for these behavioral addictions (pharmacological,
psychobehavioral and neuromodulatory) may impact the activation of this specific brain
area and its connectivity with others.
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Glossary

ACC anterior cingulate cortex
BED binge eating disorder
CBT cognitive behavioral therapy
CBI craving behavioral intervention
DLPFC dorsolateral prefrontal cortex
FA food addiction
FC functional connectivity
fMRI functional magnetic resonance imaging
GD gambling disorder
IGD internet gaming disorder
NAc nucleus accumbens
OFC orbitofrontal cortex
PFC prefrontal cortex
rTMS repetitive transcranial magnetic stimulation
SUDs substance use disorders
tDCS transcranial direct current stimulation
VS ventral striatum
VTA ventral tegmental area
vmPFC ventromedial prefrontal cortex
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Abstract: Impulsivity, as a multidimensional construct, has been linked to eating disorders (EDs)
and may negatively impact treatment response. The study aimed to identify the dimensions of
impulsivity predicting poor remission of ED symptoms. A total of 37 ED patients underwent a
baseline assessment of impulsive personality traits and inhibitory control, including the Stroop task
and the emotional go/no-go task with event-related potentials (ERPs) analysis. The remission of EDs
symptomatology was evaluated after 3 months of cognitive-behavioral therapy (CBT) and at a 2-year
follow-up. Poor remission after CBT was predicted by poor inhibitory control, as measured by the
Stroop task. At 2 years, the risk of poor remission was higher in patients with higher novelty seeking,
lower inhibitory control in the Stroop and in ERPs indices (N2 amplitudes) during the emotional
go/no-go task. The present results highlight inhibitory control negatively impacting both short- and
long-term symptomatology remission in ED patients. On the other hand, high novelty seeking and
ERPs indices of poor inhibition seem to be more specifically related to long-term remission. Therefore,
a comprehensive assessment of the impulsivity dimension in patients with ED is recommended to
tailor treatments and improve their efficacy.

Keywords: eating disorders; impulsivity traits; inhibitory control; event-related potentials; treat-
ment outcome

1. Introduction

Impulsivity is recognized as a multidimensional construct, reflecting multiple and
separable psychological dimensions. An important contribution to this multidimensional
conception has been provided by the UPPS model, which describes different personality
traits that reflect impulsive behaviors [1].
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From a neuropsychological perspective, the cognitive functions linked to impulsivity
include inhibitory control and decision-making processes [2]. Inhibitory control refers to
the ability to inhibit cognitive or motor responses [3–5]. Cognitive inhibition is usually
measured by interference control tasks (e.g., Stroop Color–Word Task) in which effortful
inhibition at a covert cognitive level is required to suppress the competing automatic
response in favor of the correct response [6]. In contrast, inhibition of motor responses is
assessed by go/no-go tasks, which measure the overt effortful expression of inhibition,
involving the suppression of activated motor response [6].

Impulsivity has been proposed as a transdiagnostic feature of eating disorders
(EDs) [7,8]. From a traditional view, impulsivity mainly characterizes the bulimic EDs
spectrum, including binge eating disorder (BED) and bulimia nervosa (BN), whereas
compulsivity would be more likely to be associated with anorexia nervosa (AN) [9,10].
However, evidence of impulsivity also exists in patients with AN [11,12], which is in line
with the transdiagnostic approach of EDs [13,14].

Impulsivity plays a role in the etiology and maintenance of ED symptoms, which
may have important implications for therapy response. Cognitive-behavioral therapy
(CBT) is one of the most common and effective treatments, which have been shown to
reduce EDs symptoms [15]. However, a considerable number of patients are at risk of
dropping out of therapy, and others do not show complete remission of symptoms after
CBT [16]. Identifying the factors that interfere with the optimal remission of EDs symptoms
following CBT and at a longer follow-up is crucial to designing more personalized treatment
approaches [17].

Although impulsivity is not necessarily dysfunctional in the nonclinical popula-
tion [18], in individuals with mental disorders, impulsive personality traits predicted
poor treatment outcomes [19,20]. Similarly, in individuals with EDs, impulsivity has been
related to lower engagement with treatment and higher dropout rates [21–23]. Novelty
seeking has been associated with a higher risk of dropout and not obtaining full remis-
sion [24]. Negative urgency, which reflects the tendency to rush impulsively in response to
negative emotions, has also been shown to predict poor treatment outcomes in patients
with BED [25].

Regarding inhibitory control, studies in patients with EDs have shown difficulties in
both motor and cognitive inhibition [26–29], even though some discrepancies are present
in the literature [30,31]. Furthermore, poor inhibition has been suggested to interfere
with treatment remission in individuals with substance addictions [32] and behavioral
addictions [33]. Similarly, low inhibitory control predicted poor weight loss after treatment
in individuals with obesity [34–36].

Previous studies showed the association between poor decision making and treatment
outcome in EDs [37,38]. However, the impact that inhibitory control may have on therapy
response in EDs is heterogeneous and may need further research [25,39]. The recording
of electroencephalographic (EEG) activity during response inhibition tasks gives more
sensitive indices of inhibitory control through the analysis of event-related potentials (ERPs).
Specifically, the ERP component classically associated with inhibition is the N2, which is a
negative wave that emerges approximately 200–300 ms after stimulus presentation. The
amplitude of the N2, which is usually enhanced in “no-go” compared to “go” stimuli, is a
valuable measure of inhibitory control [40]. Lack of inhibitory control indexed by the N2
amplitude has been reported among clinical samples, including individuals with substance
addiction [41,42], behavioral addiction [43] and BED [44]. However, further research is
needed to determine whether a lack of inhibitory control is related to treatment response in
individuals with EDs.

The present study aimed to analyze the impact of several facets of impulsivity in ED
therapy response. Within this scope, multiple components of impulsivity were evaluated in
a comprehensive perspective, including: (1) impulsive personality, measured by the UPPS
dimensions and novelty seeking trait; (2) inhibitory control process, measuring cognitive
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inhibition with a Stroop task; and (3) motor inhibition, measured with an emotional go/no-
go task with EEG recording.

This multidimensional impulsivity assessment was conducted at baseline, and regres-
sion models were adopted to identify which dimensions predicted ED symptomatologic
remission after CBT treatment and at a longer follow-up (i.e., 2 years). We hypothesized
that the most impulsive individuals would present partial or non-remission of EDs symp-
tomatology, after CBT and at the longest follow-up. Different dimensions of impulsivity
are expected to contribute to suboptimal remission of EDs symptoms, observed both
immediately after treatment and in the medium term.

2. Materials and Methods

2.1. Participants

A total of 37 treatment-seeking individuals with ED were consecutively recruited at
the ED Unit within the Department of Psychiatry at Bellvitge University Hospital (HUB)—a
public health hospital certified as a tertiary care center with a highly specialized unit for the
treatment of ED in Barcelona (Spain). To avoid the possible gender difference in impulsivity
shown in the literature [45], recruitment was limited to female patients, which is the most
representative gender in EDs. Patients were diagnosed with anorexia nervosa (AN; n = 20)
and bulimic spectrum disorders (BSD n = 17), including bulimia nervosa (BN) and binge
eating disorder (BED), according to DSM-5 criteria [46]. Patients voluntarily participated
in the study, and their informed consent was obtained. They all underwent a baseline
assessment before starting the CBT treatment. Remission of ED symptoms was analyzed
after CBT and in a two-year follow-up. To that end, clinical records and online shared
electronic medical records were analyzed retrospectively throughout Catalonia (Spain).

2.2. Measures
2.2.1. Baseline Assessment

The Temperament and Character Inventory-Revised (TCI-R) [47] validated for the
Spanish population [48] is a questionnaire of 240 items answered on a 5-point Likert scale.
The novelty seeking subscale of the TCI-R was adopted in the present study as a measure
of impulsive temperament. The internal consistency of the subscale in the sample was
α = 0.836.

The UPPS-P Impulsivity Scale [49] is a 59-item scale that assesses impulsive behavior
on 5 different scales: sensation seeking, lack of premeditation, lack of perseverance, negative
and positive urgency. Positive urgency has been included more recently. All items are
rated on a 4-point scale from 1 (strongly agree) to 4 (strongly disagree). The UPPS-P
has satisfactory psychometric properties in terms of both convergent and discriminative
validity. The Spanish version of the UPPS-P scale was obtained by a back-translation
process, and its Spanish adaptation shows adequate psychometric properties [50]. The α

values for the different UPPS-P scales in our sample are lack of premeditation (0.836), lack
of perseverance (0.850), sensation seeking (0.827), positive urgency (0.941) and negative
urgency (0.861). Total score (0.911).

The Eating Disorders Inventory (EDI-2) [51] was adopted to screen symptomatology
related to eating disorders on a six-point Likert scale. EDI-2 is a self-report measure
consisting of 91 items and provides scores on 11 subscales: drive for thinness, body
dissatisfaction, bulimia, ineffectiveness, perfectionism, interpersonal distrust, interoceptive
awareness, maturity fears, asceticism, impulse regulation and social insecurity. The sum of
all subscales provides an eating disorder measure, which is considered a global scale of ED
severity. The internal consistency of the global scale in the sample was α = 0.931.

The Stroop Color–Word Test (SCWT) [52] is a paper and pencil test, which measures
the ability to inhibit cognitive interference known as the Stroop effect. The task consists
of reading 3 pages with 100 words each as fast as possible. The first 2 pages are called the
“congruous condition”, and the participants are asked to (1) read the color words printed
in black and (2) name the colors of the printed “Xs” (red, green and blue). The last page (3)
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contains the names of colors printed in an incongruent color (i.e., the word “red” printed
in blue ink), and the subjects are asked to name the color of the ink instead of reading
the word. The subjects are given 45 s for each page, and when the time is over, the last
named item is noted. The total score for each task is calculated from the number of items
completed on each page. Higher scores in the incongruent task variable indicate a better
capacity for inhibition response. The test has shown adequate reliability and construct
validity for the assessment of inhibition and switching skills [52].

The emotional go/no-go task [8] is a computerized task for assessing response inhibi-
tion. Participants were presented with 600 images surrounded by a colored frame. They
were asked to respond as quickly as possible to images within a blue frame (i.e., go cues)
and to withhold the response to images within a yellow frame (i.e., no-go cues). The images
were divided into three blocks presented in a randomized way and with different emotional
valence: 200 pleasant images, 200 neutral images and 200 unpleasant images. Out of each
block of 200 images, 75% were go cues, and 25% were no-go cues. The interstimulus interval
was pseudorandomized from 1.500 to 1.700 ms to discourage anticipatory responses. The
reaction times (RTs) in go trials and the accuracy in go and no-go trials were calculated for
each emotional category.

The electroencephalogram (EEG) was recorded continuously throughout the emo-
tional go/no-go task using PyCorder (BrainVision). In total, 60 active Ag/AgCI electrodes
were placed into an EEG recording cap (EASYCAP GmbH), distributed according to the
10–20 system; additional 3 electrodes were adopted for recording the vertical and horizontal
electrooculogram (EOG), and Cz was used as an online reference. Impedances were kept
below 20 kΩ using the SuperVisc high-viscosity electrolyte gel for active electrodes. Signals
from all channels were digitized with a sampling rate of 500 Hz and 24 bit/channel resolu-
tion and online filtered between 0.1 and 100 Hz. Offline EEG analyses were performed with
Brain Vision Analyser consisting of the following steps: high pass filtering at 0.1 Hz, low
pass filtering at 30 Hz (Butterworth zero-phase filter; 24 dB/octave slope) and a notch filter
at 50 Hz; raw data inspection for manual detection of artifacts and screening for bad chan-
nels, semi-automatic eye-blink correction using independent component analysis (ICA);
artifact rejection of trials with an amplitude exceeding ±80 μV; EEG data were segmented
into 1500 ms epochs from 500 ms before to 1000 ms after stimulus onset. Data were baseline
corrected against the mean voltage during the 200 ms pre-stimulus periods. Artifact-free
epochs were separately averaged for each subject in each experimental condition (go, no-go)
and stimulus type (positive, negative, neutral). Event-related potentials (ERPs) analyses
were based on visual inspection of the grand average waveforms and the existing literature.
Peak amplitudes for the N2 were analyzed in a frontocentral electrodes cluster (FC1, FC2,
Fz, C3, C4, Cz), in time windows between 200 and 380 ms. Since N2 is a negative peak
wave, the more negative the values, the greater its amplitude.

2.2.2. Treatment

Patients received cognitive-behavioral therapy (CBT) at HUB, which was carried out
by clinical psychology experts in the field. Patients diagnosed with AN completed a day
hospital treatment program, which included group CBT sessions, lasting 90 min each,
for 15 weeks. Treatment for the other EDs diagnoses (BED, BN) consisted of 16 weekly
outpatient group sessions of CBT lasting 90 min. All patients attended follow-up sessions
for a period of about two years’ duration. The goal of the treatment was to train patients to
implement CBT strategies to reduce eating symptoms and to enable patients to acquire good
healthy habits. Voluntary treatment discontinuation was categorized as dropout (i.e., not
attending treatment for at least three consecutive sessions). Patients completing treatment
were re-evaluated by their clinician to classify the remission of ED-related symptomatology.
According to the DSM-5 criteria [46], full remission was considered as the total absence of
ED symptoms meeting diagnostic criteria for at least 4 consecutive weeks. We considered
full remission as an index of good treatment outcomes. By contrast, we considered the
following as measures of “poor treatment” outcomes: voluntary treatment discontinuation
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or dropout (i.e., not attending treatment for at least three consecutive sessions); partial
remission of EDs (i.e., symptomatic improvement with residual symptoms); and non-
remission of EDs.

2.3. Statistical Analysis

Statistical analysis was carried out with Stata17 for Windows [53]. The comparison
between the groups defined for the treatment outcome (good versus poor) was performed
with an analysis of covariance (ANCOVA) adjusted for the ED subtype. Finner’s method
controlled the increase in type I error due to the multiple null-hypothesis tests [54], and the
effect size of the mean differences was estimated with the standardized Cohen d-coefficient
(mild–moderate effect size was considered for |d| > 0.5 and large–high effect size for
|d| > 0.8) [55].

Two predictive models were obtained for the risk of poor treatment outcome (defined
as the dependent variable, with values 1 = good outcome versus 0 = poor outcome) post-
CBT and at 2-year follow-up, with logistic regression models adjusted for the ED subtype.
The list of the potential predictors included the EEG measures registered during the
emotional go/no-go task, the Stroop interference score and the impulsivity scores (obtained
in the UPPS-P and the NS scales). Goodness of fit was assessed with the Hosmer–Lemeshow
test (p > 0.05 is indicative of adequate fit) [56], predictive capacity with the Nagelkerke
pseudo-R2 coefficient and global discriminative capacity with the area under the ROC
curve (AUC).

3. Results

3.1. Characteristics of the Participants

The first block of Table 1 displays the description of the sociodemographic variables.
Most participants were single (62.2%), with secondary education (51.4%), employed (54.1%)
and within mean-low to low social position indices (75.7%). The mean age was 30.7 years
(SD = 12.0); the mean age of onset of ED-related problems was 22.2 years (SD = 8.4); and
the mean duration of the disease was 8.5 years (SD = 8.4).

Table 1. Description of the sample.

Sociodemographic n % Clinical Profile Mean SD

Civil status Age (years old) 30.73 12.00
Single 23 62.2% Age of onset of ED (years old) 22.22 8.42
Married 12 32.4% Duration of ED (years) 8.48 8.41
Divorced 2 5.4% ED subtype n %

Education Anorexia nervosa 20 54.1%
Primary 11 29.7% Bulimia nervosa 17 45.9%

Secondary 19 51.4% Treatment outcome: end
treatment n %

University 7 18.9% Dropout 8 21.6%
Employment Non-remission 1 2.7%

Employed/student 20 54.1% Partial remission 13 35.1%
Unemployed 17 45.9% Full remission 15 40.5%

Social position Treatment outcome: 2-year
follow-up

High 1 2.7% Dropout 9 24.3%
Mean-high 5 13.5% Non-remission 3 8.1%
Mean 3 8.1% Partial remission 9 24.3%
Mean-low 9 24.3% Full remission 16 43.2%
Low 19 51.4%

Note. SD: standard deviation.

3.2. Variables Related to the CBT Outcome and Follow-Up

The second block of Table 1 displays the distribution of treatment outcomes during
the CBT treatment and at 2-year follow-up. Good remission was achieved for 40.6% of the
participants at the end of the treatment plan (the risk of poor outcome was 59.4%). At the
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2-year follow-up, good remission was registered for 43.3% of the sample (the risk of poor
outcome was 56.7%).

Table 2 shows the results of the ANCOVA exploring the relationships between the
clinical variables measured at baseline (duration of the ED, EDI-2 scales, UPPS-P scales,
TCI-R novelty seeking, go/no-go task and Stroop interference) and the treatment outcome
(good/poor) measured at two time points—(1) at final treatment after CBT and (2) at 2-year
follow-up. These analyses were adjusted–controlled for the ED subtype. At the end of the
CBT (i.e., final treatment), patients with poor outcomes were characterized by higher scores
in the EDI-2 bulimia and interpersonal distrust, higher values in UPPS-P sensation seeking,
lower values in the accuracy go task and a lower average score in Stroop interference (these
measures registered a difference in the significance test and/or effect size within the ranges
mild to large).

Table 2. Variables related to the treatment outcome: ANCOVA adjusted for ED subtype.

Final Treatment 2-Year Follow-Up
Good (n = 15) Poor (n = 22) Good (n = 16) Poor (n = 21)

Mean SD Mean SD p |d| Mean SD Mean SD p |d|

Duration of ED (years) 8.62 10.76 8.39 6.46 0.928 0.03 8.60 10.68 8.39 6.43 0.933 0.02
EDI-2 Drive for thinness 11.22 5.64 12.08 6.15 0.669 0.15 12.13 5.85 11.43 5.99 0.718 0.12
EDI-2 Body dissatisfaction 16.76 7.48 16.08 6.80 0.742 0.10 16.36 6.76 16.34 7.50 0.993 0.00
EDI-2 Interoceptive awareness 12.09 7.12 10.58 5.56 0.489 0.24 12.87 7.43 9.91 4.83 0.155 0.47
EDI-2 Bulimia 4.41 4.68 7.77 5.40 0.025 * 0.67 † 4.65 4.44 7.74 5.43 0.034 * 0.62 †

EDI-2 Interpersonal distrust 3.97 3.50 6.97 5.48 0.080 0.65 † 5.98 4.93 5.58 5.02 0.814 0.08
EDI-2 Ineffectiveness 11.95 6.98 9.81 5.69 0.333 0.34 10.99 6.36 10.44 6.30 0.799 0.09
EDI-2 Maturity fears 8.98 6.47 7.74 5.51 0.555 0.20 7.31 6.12 8.96 5.71 0.413 0.28
EDI-2 Perfectionism 5.48 4.38 6.22 4.59 0.631 0.17 6.15 4.57 5.74 4.53 0.786 0.09
EDI-2 Impulse regulation 4.45 5.01 4.55 4.41 0.951 0.02 2.82 2.32 5.80 5.47 0.043 * 0.71 †

EDI-2 Asceticism 6.14 3.71 5.81 3.21 0.786 0.09 6.33 3.61 5.65 3.25 0.557 0.20
EDI-2 Social insecurity 7.85 5.95 6.38 3.50 0.368 0.30 7.54 5.29 6.54 4.11 0.526 0.21
EDI-2 Total 93.27 41.29 93.95 31.78 0.957 0.02 93.13 37.95 94.09 34.29 0.936 0.03
UPPS-P Lack of
premeditation 23.03 6.91 21.30 6.00 0.434 0.27 20.93 6.89 22.81 6.07 0.378 0.29

UPPS-P Lack of perseverance 24.29 5.89 21.76 6.45 0.212 0.41 21.83 6.06 23.51 6.77 0.394 0.26
UPPS-P Sensation seeking 22.89 6.15 26.39 7.84 0.172 0.50 † 24.26 7.37 25.52 7.46 0.617 0.17
UPPS-P Positive urgency 24.66 8.59 27.73 11.06 0.389 0.31 23.42 7.97 28.83 11.07 0.111 0.56 †

UPPS-P Negative urgency 32.70 8.06 34.07 7.27 0.584 0.18 31.22 7.93 35.26 6.91 0.088 0.54 †

UPPS-P Total score 127.59 21.85 131.37 24.78 0.634 0.16 121.66 17.87 136.07 25.65 0.044 * 0.65 †

TCI-R Novelty seeking 94.49 20.70 98.53 15.44 0.505 0.22 87.36 17.07 104.15 14.67 0.002 * 1.05 †

N2 Positive go −4.00 2.72 −3.50 2.32 0.571 0.20 −4.69 2.71 −2.94 2.01 0.033 * 0.73 †

N2 Positive no-go −5.08 2.46 −4.03 2.46 0.248 0.43 −5.15 2.47 −3.86 2.25 0.113 0.54 †

N2 Negative go −4.53 2.53 −4.01 2.28 0.528 0.22 −5.05 2.32 −3.59 2.25 0.063 0.64 †

N2 Negative no-go −5.12 2.12 −4.47 2.98 0.483 0.25 −5.89 2.58 −3.85 2.40 0.019 * 0.82 †

N2 Neutral go −4.20 2.38 −3.73 2.06 0.542 0.21 −4.80 2.08 −3.25 2.04 0.031 * 0.75 †

N2 Neutral no-go −5.48 2.40 −4.43 2.69 0.251 0.41 −5.80 2.82 −4.13 2.19 0.054 0.66 †

Accuracy Negative go 0.99 0.02 0.96 0.06 0.110 0.59 † 0.97 0.04 0.97 0.06 0.904 0.04
Accuracy Negative no-go 0.79 0.12 0.81 0.12 0.663 0.15 0.80 0.10 0.80 0.13 0.956 0.02
Accuracy Positive go 0.99 0.02 0.96 0.06 0.071 0.68 † 0.97 0.06 0.97 0.05 0.656 0.15
Accuracy Positive no-go 0.80 0.11 0.81 0.12 0.827 0.08 0.80 0.09 0.80 0.13 0.981 0.01
Accuracy Neutral go 0.98 0.03 0.95 0.07 0.168 0.52 † 0.96 0.08 0.97 0.04 0.383 0.28
Accuracy Neutral no-go 0.76 0.11 0.80 0.13 0.355 0.33 0.77 0.08 0.80 0.15 0.571 0.20
Stroop interference 8.72 14.57 0.22 11.07 0.036 * 0.66 † 8.20 15.44 0.21 9.46 0.042 * 0.62 †

Note. Good outcome: full remission. Bad outcome: dropout, non-remission or partial remission. SD: standard
deviation. * significant comparison. † Effect size in the ranges mild–moderate to high–large.

At the 2-year follow-up, poor outcome was related to higher mean scores in the EDI-2
bulimia and impulse regulation scales, higher personality traits related to impulsivity (in
the UPPS-P total and TCI-R novelty seeking scales), lower mean in the Stroop interference
score and lower amplitude of the N2 wave in positive go trials, negative no-go trials and
neutral go trials (mean differences with a significant result and/or effect size within at least
the mild range). The ERPs and the topographical maps for the no-go negative condition are
presented in Figure 1, showing the lower N2 amplitude in patients with poor outcome at
follow-up compared to those with good outcome. Figure 2 displays the radar charts with
the results of the comparisons between the patients with good and poor treatment outcome
(z-standardized means are plotted due to the different measurement scales of the variables
analyzed in the study).
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Figure 1. (A) Grand average ERPs waver for the no-go negative condition in the group of patients
with good outcomes at follow-up (continuous line) and those showing bad outcomes at follow-up
(dotted line). (B) Topographical maps (200–380 ms) for the no-go negative condition in patients with
good outcomes at follow-up (left panel) and those with poor outcomes at follow-up (right panel).

Figure 2. Radar charts with the z-standardized mean scores obtained among the groups with good
and poor treatment outcomes.

The two logistic regression models displayed in Table 3 indicated that a lower score in
the Stroop interference task increased the risk of poor outcomes post-CBT. At the 2-year
follow-up, the risk of poor outcomes was increased for patients with higher scores in the
TCI-R novelty seeking scale, lower amplitude of the N2 in negative no-go trials and lower
scores in the Stroop interference.
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Table 3. Predictive models for the risk of poor outcome: logistic regression adjusted for ED subtype.

B SE p OR 95%CI (OR) HL NR2 AUC

Poor outcome:
final treatment
Stroop interference –0.076 0.041 0.027 0.927 0.855 0.998 0.941 0.230 0.718

Poor outcome:
2-year follow-up
TCI-R Novelty seeking 0.078 0.032 0.003 1.082 1.017 1.150 0.090 0.405 0.872
N2 Negative no-go 0.394 0.206 0.027 1.484 1.001 2.220
Stroop interference –0.090 0.053 0.040 0.914 0.824 0.999

Note. SE: standard error. OR: odds ratio. HL: Hosmer–Lemeshow test (p-Value). NR2: pseudo-R2 coefficient.
AUC: area under ROC.

4. Discussion

The present study investigated the impact that impulsivity may have on therapy
response in patients with EDs. Remission of ED symptomatology was evaluated after
3 months of CBT and at a 2-year follow-up. Multiple impulsivity dimensions were mea-
sured before treatment and significantly predicted poor treatment response, with more
consistent evidence emerging at follow-up.

With regard to impulsive personality traits, patients with poor remission following
CBT were characterized by higher sensation seeking, whereas those with poor remission
at follow-up were characterized by higher novelty seeking and higher UPPS total score.
Novelty seeking emerged as a predictor of poor ED remission at follow-up, suggesting
its relation to long-term remission of ED symptomatology. Along this line, some of the
previous studies in patients with EDs showed associations between novelty seeking and a
higher risk of dropout and suboptimal remission following CBT [24,57].

At a neurocognitive level, lower cognitive control predicted CBT outcome and re-
mission at follow-up. Thus, individuals with difficulties in controlling the interference
in the Stroop task showed poor remission of EDs after 3 months of CBT and at 2 years
from treatment. In contrast, a study in patients with BED did not show an association
between cognitive inhibition and reduction in ED psychopathology after treatment [39].
The discrepant results are possibly related to the heterogeneity of the present sample, which
includes various ED subtypes other than BED. Interestingly, reduced cognitive inhibition
has been associated with longer EDs duration in AN [58], which in turn is a factor con-
tributing to poor remission of EDs. The present results in a mixed sample of EDs suggest
that cognitive inhibition is a relevant factor associated with both short-term and long-term
remission. Future studies in larger samples would help detect and elucidate the differences
across ED subtypes.

Regarding motor inhibition, the lower amplitude of the N2 was associated with poor
ED remission at follow-up. By contrast, the behavioral measures of response accuracy in
the go/no-go task did not predict EDs remission, in line with some previous findings [25].
It can be argued that the ERPs indexed, such as the N2, may be particularly sensitive
in detecting alterations in inhibitory processes, as recently shown in patients with BN
undergoing an odd-ball task [59]. So far, this is the first evidence of a relation between
lower N2 amplitude and suboptimal remission of ED symptoms. Interestingly, this effect
was shown to be maximal in the no-go trials with negative emotional stimuli. Affective
versions of response inhibition tasks (e.g., emotional go/no-go) have been adopted to study
how response inhibition is modulated by emotional stimuli [60]. In this case, the difficulties
in inhibition (indexed by lower N2 amplitudes) when a negative emotional state is induced
could be more strongly related to poor remission of EDs. This result may be explained by
the fact that both impulsivity and emotion regulation difficulties have been proposed as
central transdiagnostic phenomena across EDs [61,62].

Taken together, the present results highlighted the relevance of novelty seeking and
inhibitory control in remission of EDs. A comprehensive assessment of impulsivity, includ-
ing personality traits and neurocognitive indices of inhibitory control, may be particularly
useful to improve treatment effectiveness. For instance, those individuals with a tendency
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to be more impulsive, excitable, dramatic and with intolerance to routine might benefit
from treatment tailored to reduce their impulsive behaviors. To address the difficulties
in inhibition, inhibitory control training with general or food-specific stimuli has been
tested in individuals with EDs showing promising results [63,64]. Recently, the outcome
of a food-specific inhibitory control training has been measured with ERPs indices [65].
The results of our emotional go/no-go task encourage testing the effectiveness of novel
inhibitory training using emotional stimuli to target impulsivity and emotion regulation.

The present findings should be considered under some limitations. First, the small
sample was not suitable for the analysis of different ED subtypes, even though this variable
was controlled for by statistical adjustment. Nevertheless, it could be of interest to study
in the future the relationship between impulsivity dimensions and remission in specific
ED subgroups. The small sample size also impacts the ability to avoid type II errors, the
power capacity to detect the existence of a true relationship and the accuracy of the results
obtained in the multivariate analyses. In this sense, the empirical evidence of this work
should be interpreted with caution, pending future studies with larger samples to confirm
or refute it. In addition, it should be considered that the assessment conducted in this study
is difficult to perform in clinical samples, and therefore, research in this area is scarce and
with low sample sizes. A second limitation is related to the nature of the outcome measure.
Specifically, ED remission was assessed by the clinician at the end of treatment and at
follow-up, according to the DSM-5 criteria. It is important to remark that optimal remission
included only those individuals who fully remitted from symptomatology. Although this is
particularly relevant in clinical practice, the adoption of a quantitative measure to track the
changes in ED symptoms (e.g., EDI-2) should be considered in future works. Finally, the
absence of a control group of patients undergoing treatment other than CBT or untreated
individuals limits the interpretation and generalization of these results.

Despite these limitations, several strengths of the study should be remarked on, such
as the comprehensive assessment of impulsivity, which included personality, neuropsycho-
logical and neurophysiological measures. Thus, the multidimensional assessment enables a
better characterization of impulsive profiles, which could interfere with treatment outcomes.
Furthermore, remission of ED was not only considered immediately after treatment but also
at a longer follow-up of 2 years, thus providing an opportunity to study the relationship
between impulsivity and long-term recovery.

5. Conclusions

In conclusion, high novelty seeking and low inhibitory control in individuals with
EDs, but also specific neurophysiological indices, seem to contribute to poor remission
of ED symptomatology. In particular, cognitive inhibition emerged as the dimension of
impulsivity that more consistently predicted both short-term and medium-term remission
of ED symptoms, confirming the importance of conducting a comprehensive assessment.

From a clinical perspective, early detection of patients with a lack of inhibition is
recommended to personalize treatments and improve their effectiveness. A replication
of these results in individuals with different subtypes of EDs is needed in future studies
assessing the response to treatment.
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Abstract: Background. Meal ingestion induces a postprandial experience that involves homeostatic
and hedonic sensations. Our aim was to determine the effect of aversive conditioning on the
postprandial reward of a comfort meal. Methods: A sham-controlled, randomised, parallel, single-
blind study was performed on 12 healthy women (6 per group). A comfort meal was tested before and
after coupling the meal with an aversive sensation (conditioning intervention), induced by infusion
of lipids via a thin naso-duodenal catheter; in the pre- and post-conditioning tests and in the control
group, a sham infusion was performed. Participants were instructed that two recipes of a tasty humus
would be tested; however, the same meal was administered with a colour additive in the conditioning
and post-conditioning tests. Digestive well-being (primary outcome) was measured every 10 min
before and 60 min after ingestion using graded scales. Results: In the aversive conditioning group,
the comfort meal in the pre-conditioning test induced a pleasant postprandial experience, which
was significantly lower in the post-conditioning test; the effect of aversive conditioning (change
from pre- to post-conditioning) was significant as compared to sham conditioning in the control
group, which showed no differences between study days. Conclusion: The hedonic postprandial
response to a comfort meal in healthy women is impaired by aversive conditioning. ClinicalTrials.gov
ID: NCT04938934.

Keywords: Pavlovian conditioning; aversive conditioning; eating behaviour; digestive sensations;
postprandial symptoms; digestive well-being; food valence

1. Introduction

The digestive process that follows meal ingestion is associated with a postprandial
experience that involves homeostatic sensations (satiety, fullness) with a hedonic dimension
(digestive well-being, mood) [1]. The postprandial experience depends on the characteris-
tics of the meal (organoleptic, amount and composition) and of the individual, including
digestive function, intestinal sensitivity and cognitive/emotive factors, which may be
influenced by a variety of conditions [2]. Pavlovian conditioning, also known as classical
conditioning, refers to the behavioural technique of pairing a physiological stimulus with a
neutral stimulus; repeated exposure to the pairing induces a learning process, by which the
biologic response to the physiological stimulus is triggered by the neutral stimulus alone.
Pavlovian conditioning has been shown to magnify the expectation of aversive sensations
and has been postulated as a mechanism of hypervigilance and visceral hypersensitivity [3–6].
Associative learning, understood as the learned association between two unrelated stimuli,

Nutrients 2023, 15, 2247. https://doi.org/10.3390/nu15102247 https://www.mdpi.com/journal/nutrients
176



Nutrients 2023, 15, 2247

has also been also shown to induce taste aversion and avoidance: e.g., a pleasant taste
becomes disagreeable by previous association with an unpleasant experience [7].

We hypothesised that the postprandial experience, in particular the hedonic compo-
nent (i.e., postprandial sensation of digestive well-being), may be modified by conditioning.
Our specific aim was to determine the effect of aversive conditioning on the hedonic and
homeostatic sensations in response to a comfort meal in healthy subjects.

The postprandial experience in humans is important because it may influence dietary
decisions and habits. Moreover, a negative postprandial experience is a main complaint in
patients with functional gut disorders, particularly in those with functional dyspepsia [8,9];
hence, aversive conditioning might be a mechanism of meal intolerance and postprandial
symptoms in these patients.

2. Material and Methods

2.1. Experimental Design

A sham-controlled, randomised, parallel, single-blind study on the effect of aversive
conditioning on the responses to a comfort meal in healthy women was performed in a
tertiary referral centre between February and August 2021. The research was conducted
according to the Declaration of Helsinki. The protocol for the study had been previously
approved by the Institutional Review Board of the University Hospital Vall d’Hebron
(Comitè d’Ètica d’Investigació Clinica, Vall d’Hebron Institut de Recerca; protocol number
PR(AG)338/2016M approved 28 October 2016, revised 11 December 2020) and all par-
ticipants provided written informed consent. The study protocol was registered with
ClinicalTrials.gov NCT04938934.

2.2. Participants

Twelve, non-obese, non-dieting and weight-stable women (6 per group), without
history of gastrointestinal symptoms were recruited by public advertising to participate in
the study. For this pilot, proof-of-concept study, only women were included for the sake
of homogeneity and because some data indicate that they are more susceptible to factors
that modulate the postprandial experience than men [10]. Exclusion criteria were chronic
health conditions, previous abdominal surgery (except appendectomy or hernia repair),
use of medications (except occasional use of NSAIDs and antihistamines), alcohol abuse
and use of recreational drugs. By specific questioning, candidates with a history of anosmia
or ageusia, antecedents of obesity (defined as body mass index > 30 kg/m2), current dieting
or any pattern of selective eating, such as vegetarianism, were not included in the study
to prevent potential biases on the responses to food ingestion. Candidates were asked
whether they liked hummus, and those who did not were not included. Absence of current
digestive symptoms was verified using a standard abdominal symptom questionnaire (no
symptom > 2 on a 0–10 scale). Psychological and eating symptoms and/or traits were
evaluated using the Hospital Anxiety and Depression Scale (HAD), Dutch Eating Behaviour
Questionnaire (DEBQ—Emotional eating, External eating, Restrained eating) and Physical
Anhedonia Scale (PAS); participants were not included if they scored >7 on the anxiety or
depression subscales [11]; cut-offs for emotional eating (>2.83), external eating (>3.5) and
restrained eating (>3.0) were adapted from a study in the local population [12]. Studies
were performed during the follicular phase of the menstrual cycle (days 5–15). For this pilot
proof-of-concept study, no a priori sample size calculation was performed; analysis of the
data performed after 12 studies were completed indicated that a sample size of 8 subjects
(i.e., 4 per group) was required to detect changes in the primary outcome with 90% power
and a 5% significance threshold, and hence, no further participants were included. Thus,
each group consisted of 6 participants.

2.3. Experimental Paradigm

Participants were informed that the aim of the study was to investigate the effect of
meal composition on the postprandial responses and that a nasoduodenal tube was used to
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evaluate gastric outflow. Participants were informed that two recipes of a tasty humus with
different compositions would be tested; however, the same meal (low-fat humus) without
or with the addition of a colourant (i.e., non-coloured or coloured) was administered
(Figure 1). Using a computerised random sequence generator, participants were allocated
into aversive conditioning (intervention) or sham conditioning (control) groups. During
meal ingestion, either lipids or sham infusion was simultaneously infused single-blind
(without participants knowing which) into the duodenum via the nasoduodenal catheter
(see below). Each participant underwent three experiments on consecutive days, as follows
(Figure 1). First day—pre-conditioning exposure: non-coloured meal plus sham infusion
in both groups. Second day—conditioning intervention: coloured meal in both groups
plus (a) duodenal lipid infusion in the aversive conditioning group (to induce aversive
sensations, e.g., a negative sensation of digestive well-being) or (b) sham infusion in the
sham conditioning (control) group. Third day—post-conditioning exposure: coloured
meal plus sham infusion in both groups. Primary outcome: effect of conditioning on
digestive well-being measured by scales (difference in the area under the curve from pre-
conditioning to post-conditioning, i.e., day 3 minus day 1) in aversive conditioning versus
sham conditioning groups.

Figure 1. Experimental design and procedure. In a sham-controlled, parallel, randomised, blind
study, a comfort meal was paired with duodenal lipid infusion to induce aversive conditioning
(DAY 2) and the responses to the meal were compared before (DAY 1) and after conditioning (DAY 3).

2.4. General Procedure

During the 3 consecutive study days, participants were instructed to refrain from
strenuous physical activity, to consume a standard dinner (100 g chicken, 50 g rice, 50 g
white bread and one apple; 503 kcal, 7 g fat, 82 g carbohydrates, 30 g protein) the night
before, to fast overnight and to eat a standard breakfast (200 mL coffee with semi-skimmed
milk and a 50 g white bread sandwich with 30 g ham and 40 g cheese; 338 kcal, 11 g fat,
38 g carbohydrate, 24 g protein) 4 h before each study. After intubation per nose, the
catheter (Flocare Bengmark NI Tube, Nutricia Medical, Hoofddorp, The Netherlands) was
positioned into the duodenum under fluoroscopic control. Studies were conducted in a
quiet, isolated room. Outcomes were measured 10 min before ingestion of the probe meal
(pre-ingestion period), during the ingestion period and during the 60 min after ingestion
(postprandial period) (Figure 1).
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2.5. Interventions
2.5.1. Probe Meal

The probe meal consisted of 150 g low-fat hummus (219 Kcal; 12 g fat, 82 g carbo-
hydrates, 13 g protein; Hummus Classic, Ametller Origen, Barcelona, Spain) served at a
controlled temperature (20 ◦C), 20 g toasts (81 Kcal; 0.9 g fat, 15.2 g carbohydrates, 2.4 g
protein; Mini Tostas, Bimbo, Barcelona, Spain) and 120 mL water. The probe meal was
administered stepwise in 3 equal servings at a fixed rate: every 180 s one meal portion
(50 g hummus plus a 6.6 g toast) was presented on a tray; after each serving, participants
were allowed 60 s for evaluation of digestive sensations (see below); total ingestion time
was 12 min, the water load (120 mL) was ingested ad libitum throughout the ingestion
period. On the 1st study day, the original humus preparation (i.e., non-coloured) was
served; on the 2nd and 3rd study days (conditioning and post-conditioning experiments,
respectively), the humus was coloured by adding 1% fat-soluble, odourless and flavour-
less pink colourant (Decora, Karma, Salerno, Italy), to modify its appearance, but not its
organoleptic characteristics or nutrient composition. The composition and meal load were
established based on a series of preliminary feasibility studies.

2.5.2. Duodenal Infusion

Aversive conditioning (2nd study day in aversive conditioning group only) was
produced by infusion of lipids (300 mg/mL purified soybean oil; Intralipid, Fresenius
Kabi, Barcelona, Spain) into the duodenum via the nasoduodenal catheter. Lipids were
continuously infused starting 3 min before, during and 60 min after ingestion of the probe
meal (total infusion time = 75 min) using an infusion pump (Compat Ella Push, Nestle
Health Science, Barcelona, Spain) at a rate of 150 mL/h during the first 15 min (3 min
pre-ingestion period and 12 min ingestion period) and at 30 mL/h during the 60 min
postprandial period (Figure 1). On the rest of the study days (i.e., 1st and 3rd days in the
conditioning group, and the three study days in the control group), a sham infusion was
performed following the same procedure, but diverting the lipid flow from the infusion line
via a 3-way stopcock to a reservoir. Lipid and sham infusions were performed single-blind,
i.e., without the participants knowing the type of infusion.

The aversive conditioning procedure (lipid load and delivery rate) was established by
a series of preliminary studies in 3 additional participants so that the lipid infusion would
induce a negative sensation of digestive well-being (below score −2 on a −5 to +5 scale,
see below) without severe nausea, bloating or pain (score ≤ 2 on 0–10 scales; see below).

2.6. Outcomes
2.6.1. Perception of Homeostatic and Hedonic Sensations

Five 10-cm scales graded from −5 to +5 were used to measure: (a) meal wanting
(impossible/eagerly), (b) meal liking (very disagreeable/very agreeable), (c) hunger/satiety
(extremely hungry/completely satiated), (d) digestive well-being (extremely unpleasant
sensation/extremely pleasant sensation) and (e) mood (negative/positive); three additional
10-cm scales graded from 0 (not at all) to 10 (very much) were used to measure (f) abdominal
bloating–fullness, (g) discomfort–pain and (h) nausea. The wanting scale was scored at the
presentation of each meal serving (how much would you like to eat this portion) and at the
end of the meal (how much would you like to eat another portion). The liking scale was
scored after each meal serving (how much did you like eating the previous portion). The
rest of the scales were scored: (a) during the pre-ingestion period (10 min before the meal)
at 5 min intervals, (b) during meal ingestion, after each meal serving, and (c) during the
postprandial period at 5 min intervals during the first 20 min and at 10 min intervals up
to 60 min after ingestion (Figure 1). It has been previously shown that these scales detect
consistent and reproducible differences in post-prandial sensations induced by various
conditioning factors [13–19] and that perception measurements correlate with changes
in circulating metabolites [20,21] and with some objective parameters of brain function
measured by functional magnetic resonance [22,23].
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2.6.2. Physiological Parameters

The following physiological parameters were measured at 4 time points: before meal
ingestion (baseline) and at the beginning, mid and end of the postprandial observation
period (0 min, 30 min and 60 min after ingestion) (Figure 1).

Gastric emptying was measured by ultrasonography, as previously described [24,25]. In
brief, ultrasound images of the gastric antrum were obtained using a Chison ultrasound
scanner (ECO1; Chison, Wuxi, China) with an abdominal 3.5 Hz probe (C3A; Chison, Wuxi,
China); images were obtained with the subjects seated and leaning slightly backwards
in an ergonomic chair. Gastric images between antral contractions were obtained in trip-
licate; using the superior mesenteric vein and the aorta as landmarks, the outer profile
and the cross-sectional area of the antrum were measured using the built-in calliper and
measurement tool.

Changes in abdominal girth from pre-ingesta were measured by a tape measure placed
over the umbilicus and the superior edge of the iliac crests [26]. The position of the tape
was marked over the skin for subsequent measurements.

Changes in the position of the diaphragm from the pre-ingestion level were determined
at each time point, as previously described [24]. Briefly, the position of the lower margin
of the right liver lobe at the right anterior axillary line was identified by ultrasonography
(Eco 1, Chison Medical Technologies, Wuxi, China) using a 3.5 MHz curved array transducer
held over the edge of the costal wall in the coronal plane with the shaft held in a horizontal
position and the head in an axial direction. At each time point, the position (averaged over
3 respiratory cycles) was marked over the skin.

2.7. Statistical Analysis

Calculations were performed using SPSS Statistics for Windows (Version 25.0, IBM
Corp, Armonk, NY, USA). A significance level of 5% (two tails) was used for comparisons.

In each group, the means and standard errors of the measured variables were calcu-
lated. In each experiment, the effects of the intervention on sensation scores were analysed,
measuring the area under the curve normalised for baseline (except for the wanting and
liking scores, which were not normalised) as follows: for each observation interval, the
area was calculated as duration (min) of the observation interval × normalised score (ab-
solute score—mean premeal score); the area under the curve during ingestion and the
postprandial period (expressed as score × min) was calculated as the sum of the area of all
observation intervals.

In each participant, the effect of the aversive (or sham) stimulus was measured as
the difference in the area under the curve on day 2 (duodenal lipids or sham infusion)
minus day 1 (pre-conditioning); the effect of conditioning (previous exposure to aversive
stimulus) was measured as the difference in day 3 (post-conditioning) minus day 1 (pre-
conditioning). Mean values for the test group (lipid infusion) and control group (sham
infusion) were calculated, and statistical analyses within groups and between groups were
performed. The Shapiro–Wilk test was used to determine the normality of data distribution.
Parametric normally distributed data were compared by Student’s t-test for paired or
unpaired data; otherwise, the Wilcoxon signed-rank test was used for paired data, and the
Mann–Whitney U test was used for unpaired data. Differences were considered significant
at a p value < 0.05.

All co-authors had access to the study data and reviewed and approved the final manuscript.

3. Results

3.1. Demographics

Participants were 30.9 ± 2.3 years of age (range 23–49 years), had a 21.3 ± 0.5 kg/m2

body mass index (range 18.6–24.8 kg/m2), scored 11.8 ± 2.1 in the physical anhedonia scale
(range 2–23) and were non-smokers. No differences between the aversive conditioning
and control groups were detected. Intubation was well tolerated without side effects; all
participants completed the studies and were included for analysis.
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3.2. Responses to the Probe Meal before Conditioning (Study Day 1)

Pre-ingestion. Before the probe meal (baseline fasting period), subjects reported
hunger, neutral digestive well-being and positive mood without the sensations of abdomi-
nal fullness/bloating, discomfort/pain or nausea (Figures 2 and 3).

Figure 2. Homeostatic sensations. Concomitant duodenal lipid infusion on day 2 impaired the
postprandial response and the effect was significant for abdominal discomfort and nausea (effect
measured as the change in the area under the curve on day 2 minus day 1; * p = 0.002 vs. sham
infusion). However, data on day 3 show that aversive conditioning in the test group (duodenal lipid
infusion on the previous day) did not induce significant effects. Values represent mean ± SE.

Ingestion phase. All participants ingested the meal at a fixed rate (12 min). Participants
found the meal attractive at the initial presentation and liked it (positive meal wanting and
meal liking; Figure 4). During meal ingestion satiety progressively increased, associated
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with mild fullness sensation and positive sensations of digestive well-being and mood,
without abdominal discomfort or nausea (Figures 2 and 3).

Figure 3. Hedonic sensations. Concomitant duodenal lipid infusion on day 2 impaired the postpran-
dial response and the effect was significant for digestive well-being (effect measured as the change in
the area under the curve on day 2 minus day 1; * p < 0.001 vs. sham infusion). Data on day 3 show
that aversive conditioning in the test group (previous exposure to the aversive stimulus) significantly
impaired postprandial well-being (effect measured as the change in the area under the curve on
day 3 minus day 1; ** p = 0.004 vs. sham conditioning). Values represent mean ± SE.

Postprandial phase. During the postprandial phase, these sensations gradually de-
cayed (Figures 2 and 3).

No significant differences in the sensations measured before, during and after ingestion
were detected between groups.

3.3. Effect of Aversive Stimulation (Study Day 2 vs. Day 1)

Pre-ingestion and ingestion phase. The sensations measured before and during meal
ingestion on the second study day were not different from those on the first day in both
groups (Figures 2 and 3), except for meal wanting and meal liking (Figure 4), which
were reduced by duodenal lipid infusion in the test group, but were unaffected by sham
infusion in the control group; the effect of lipid infusion in the aversive conditioning
group (measured as the change in the area under the curve for Day 2 minus Day 1) was
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significantly different from that of sham infusion in the control group both for meal wanting
(change by −36 ± 16 vs. 5 ± 12 score × min in controls; p = 0.041) and meal liking (change
by −27 ± 9 vs. 2 ± 6 score × min in controls; p = 0.013).

Postprandial phase. In the control group, sham infusion on the second study day did
not modify the postprandial experience as compared to the first study day. By contrast, con-
comitant duodenal lipid infusion in the test group induced a marked change in postprandial
sensations, with an increase in satiety and bloating, a decrease in digestive well-being and
mood and some degree of abdominal discomfort and nausea (Figures 2 and 3). The effect
of lipid infusion (measured as the change in the area under the curve on day 2 minus day 1)
was significantly different from that of sham infusion for digestive well-being (change
by −294 ± 34 vs. 25 ± 20 score × min in controls; p < 0.001), abdominal discomfort
(change by 172 ± 65 vs. 0 ± 0 score × min in controls; p = 0.002) and nausea (change by
134 ± 28 vs. 0 ± 0 score × min; p = 0.002).

Figure 4. Reward value during meal ingestion. The comfort meal was served in 3 portions; meal
wanting was measured before each serving and at the end of ingestion; meal liking was measured
after each serving. On day 2, concomitant duodenal lipid infusion impaired the ingestive response
(effect measured as the change in the area under the curve on day 2 minus day 1 vs. sham infu-
sion; * p = 0.041 for meal wanting; ** p = 0.013 for meal liking). Data on Day 3 show that aversive
conditioning in the test group (previous exposure to the aversive stimulus) significantly reduced
the valence of the comfort meal (effect measured as the change in the area under the curve on
day 3 minus day 1 vs. sham conditioning; † p = 0.023 for meal wanting; †† p = 0.030 for meal liking).
Values represent mean ± SE.
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3.4. Effect of Conditioning (Study Day 3 vs. Day 1)

Pre-ingestion and ingestion phase. No significant differences were detected in the sen-
sations measured before and during meal ingestion on the study day 3 as compared to day 1
in both groups (Figures 2 and 3), except for meal wanting and meal liking (Figure 4). Meal
wanting and liking were unaffected in the control group, but in the test group, previous
exposure to the aversive stimulus (aversive conditioning) significantly reduced the valence
of the comfort meal; the effect of conditioning (duodenal lipid or sham infusion on the pre-
vious study day), measured as the change in the area under the curve on day 3 minus day 1,
was significantly decreased in the aversive conditioning group compared to the control
group both for meal wanting (change by −62 ± 16 vs. −6 ± 9 score × min in controls;
p = 0.023) and for meal liking (change by −43 ± 13 vs. −4 ± 5 score × min in controls;
p = 0.030). Meal wanting and liking on day 3 were somewhat, but not significantly, lower
than on day 2.

Postprandial phase. In the control group, sham conditioning (duodenal sham infusion
on the previous day) did not modify the postprandial experience as compared to the
first study day. By contrast, in the test group, aversive conditioning (duodenal lipid
infusion on the previous day) significantly impaired postprandial well-being, and this was
associated with a trend to increase in bloating and mild abdominal discomfort, without
changes in satiety, nausea and mood (Figures 2 and 3). The effect of lipid infusion on the
previous day (measured as the change in the area under the curve on day 3 minus day 1)
was significantly different from that of sham infusion for digestive well-being (change
by −186 ± 68 vs. 16 ± 19 score × min in controls; p = 0.004), but not for the rest of the
sensations: bloating changed by 74 ± 67 vs. −16 ± 40 score × min in controls (p = 0.235),
abdominal discomfort by 43 ± 23 vs. 0 ± 0 score × min in controls (p = 0.074), satiety by
−2 ± 50 vs. 82 ± 43 score × min in controls (p = 0.179), nausea by 6 ± 4 vs. 0 ± 0 score × min
in controls (p = 0.181) and mood by 8 ± 27 vs. −12 ± 31 score × min in controls (p = 0.813).

3.5. Physiological Parameters
3.5.1. Responses to the Probe Meal before Conditioning (Study Day 1)

Ingestion of the probe meal was associated with gastric filling (increase in antral cross-
sectional area) and abdominal accommodation (elevation of the diaphragm with limited
increase in girth) (Figure 5).

3.5.2. Effect of Aversive Stimulation (Study Day 2 vs. Day 1)

In the control group, sham infusion on the second study day had no effects on any
of the physiological parameters as compared to the first study day. By contrast, in the
test group, lipid infusion (effect measured as the change in the area under the curve
in day 2 minus day 1 vs. sham infusion) was associated with gastric retention (more sus-
tained increase in the antral cross-sectional area; p < 0.001) and abdominal accommodation
(elevation of the diaphragm; p = 0.002), (Figure 5).

3.5.3. Effect of Conditioning (Study Day 3 vs. Day 1)

Neither aversive nor sham conditioning had consistent effects on the physiological
response to meal ingestion (Figure 5).
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Figure 5. Digestive response to meal ingestion. On day 2, duodenal lipid infusion in the test group
was associated with a sustained increase in antral cross-sectional area (delayed gastric emptying;
* p < 0.001) and diaphragmatic ascent (prolonged abdominal accommodation; ** p = 0.002); effects
measured as the changes in the area under the curve on day 2 minus day 1 vs. sham infusion.
However, data for day 3 show that aversive conditioning in the test group (previous exposure to the
aversive stimulus) did not induce significant effects. Values represent mean ± SE.

4. Discussion

Our study shows that pairing a pleasant meal with an experimentally-induced aver-
sive sensation conditions the postprandial response to subsequent consumption of the
same meal. Interestingly, aversive conditioning impaired the hedonic experience without
significant impacts on homeostatic sensations or the physiological digestive response.

The target for conditioning was a comfort probe meal [17] that induced a pleasant
and rewarding postprandial experience. The comfort probe meal was blindly paired with
duodenal lipid infusion to induce a negative sensation of digestive well-being [27]. As
expected [27,28], duodenal lipids induced a mild sensation of abdominal bloating, dis-
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comfort and nausea, as well as a reflex inhibition of gastric emptying with a prolonged
residency of the meal in the stomach; gastric retention was associated with a sustained ab-
dominal accommodation (elevation of the diaphragm) and sensation of satiety throughout
the postprandial observation period.

Aversive conditioning (i.e., previous pairing of the comfort meal with lipid-induced
aversive sensation) conditioned the subsequent postprandial response to the same meal,
particularly affecting the reward experience. Various mechanisms may be involved in the
impairment of the postprandial experience by conditioning.

In the first place, a satisfactory postprandial experience depends on a normal response
of the digestive system, and conversely, digestive dysfunction deteriorates the postprandial
experience [14], but conditioning did not affect the digestive function.

The conditioning paradigm used in the present experiments was analogous to that
previously applied for conditioned taste aversion, pairing the rewarding meal with an
aversive stimulus [29,30]. Remarkably, similar to conditioned taste aversion, postpran-
dial conditioning was acquired after a single exposure [30], in contrast to the complex
learning process with repeat pairing experiences required for other types of Pavlovian
conditioning [6]. In previous studies, we showed that postprandial satisfaction is related
to meal palatability [16], but a strong aversive taste was required to reduce postprandial
well-being, to a much lesser extent than in the present study after conditioning.

Cognitive-emotive factors and expectations might be involved in conditioning the
post-prandial experience. Indeed, a cognitive intervention (education) influenced the
hedonic postprandial experience, without significant effects on homeostatic sensations [19],
an effect similar to that produced by conditioning in the present study. Expectations are also
important: mislabelled foods produce the effect expected by the (mis)information provided;
for instance, a low-fat yoghurt mislabelled as high-fat induced similar symptoms to the real
high-fat yoghurt in dyspeptic patients [31]. Anticipatory knowledge and attention have
been shown to heighten visceral sensitivity and increase perception of intestinal stimuli;
intestinal distention produced more intense perception when the stimuli were anticipated
by a visual signal than when participants were distracted by a cognitive task [32].

5. Limitations

Our conditioning paradigm introduced a colour clue (coloured meal during and after
conditioning versus non-coloured meal pre-conditioning), but we do not know whether
conditioned postprandial dissatisfaction was selective to the colour or if it would also affect
the non-coloured meal; indeed, other forms of conditioning express generalisation and
affect related stimuli [33,34].

For this pilot study, a small sample size was included due to the complexity and
invasiveness of the study; an interim sample size calculation justified no further inclusion
for practical and ethical considerations, but once the concept is proven, a larger study with
a less invasive methodology is indicated. Furthermore, only women were included and the
effect of conditioning on men remains to be explored.

This pilot study, proving a new concept, opens a series of questions, particularly in
relation to the specificity versus generalisation of the conditioned response, extinction
interval and the relation between aversive stimulus/conditioned response [30,33,34], that
remain to be addressed.

6. Conclusions and Inferences

Postprandial conditioning might have important implications and open relevant
research avenues. Several conditions of great health impact, such as obesity, metabolic
syndrome, diabetes or hypercholesterolemia, relate to consumption (or overconsumption)
of specific foods, and in this context, aversive conditioning could be a tool to promote an
avoidance behaviour.

The proof of aversive conditioning sustains the hypothesis of reward conditioning. If
feasible, reinforcement of the postprandial reward and food valence could be applied to
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counteract natural neophobia (i.e., rejection of new or unknown foods) in children [30], and
to promote ingestion in patients with anorexia and nutritional deficits, a common problem
in oncological patients.

Patients with functional gut disorders, particularly with functional dyspepsia, com-
plain of postprandial symptoms in the absence of a detectable cause and constitute about
half of gastrointestinal consultations. Aversive food conditioning might be a mechanism
of meal intolerance in these patients. Based on the present data, it could be speculated
that an analogous technique could be applied to deconstruct aversive conditioning in these
patients [33]; de-conditioning of food intolerances may have important applications as a
mechanistic treatment in patients with food-related symptoms.
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Abstract: Gambling disorder (GD) is a modestly prevalent and severe condition for which neurobi-
ology is not yet fully understood. Although alterations in signals involved in energy homeostasis
have been studied in substance use disorders, they have yet to be examined in detail in GD. The aims
of the present study were to compare different endocrine and neuropsychological factors between
individuals with GD and healthy controls (HC) and to explore endocrine interactions with neu-
ropsychological and clinical variables. A case–control design was performed in 297 individuals with
GD and 41 individuals without (healthy controls; HCs), assessed through a semi-structured clinical
interview and a psychometric battery. For the evaluation of endocrine and anthropometric variables,
38 HCs were added to the 41 HCs initially evaluated. Individuals with GD presented higher fasting
plasma ghrelin (p < 0.001) and lower LEAP2 and adiponectin concentrations (p < 0.001) than HCs,
after adjusting for body mass index (BMI). The GD group reported higher cognitive impairment
regarding cognitive flexibility and decision-making strategies, a worse psychological state, higher
impulsivity levels, and a more dysfunctional personality profile. Despite failing to find significant
associations between endocrine factors and either neuropsychological or clinical aspects in the GD
group, some impaired cognitive dimensions (i.e., WAIS Vocabulary test and WCST Perseverative
errors) and lower LEAP2 concentrations statistically predicted GD presence. The findings from the
present study suggest that distinctive neuropsychological and endocrine dysfunctions may operate in
individuals with GD and predict GD presence. Further exploration of endophenotypic vulnerability
pathways in GD appear warranted, especially with respect to etiological and therapeutic potentials.
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1. Introduction

Gambling disorder (GD) has been classified as a behavioral addiction (BA) in the
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) [1], being
characterized by recurrent maladaptive gambling behavior, leading to negative conse-
quences in one or more areas of life functioning [2]. Diagnostic criteria include the need to
gamble with increasing amounts of money (i.e., tolerance), the tendency to chase losses, irri-
tability when attempting to stop the behavior (i.e., abstinence), the presence of unsuccessful
efforts to control gambling behavior, a predominance of thoughts focused on the gambling
behavior, the presence of lies or the loss of a significant relationship or job/educational
opportunity because of gambling, and the propensity to gamble when feeling distressed
or to rely on others to provide money to relieve desperate financial situations caused by
gambling [1]. From an etiological perspective, neuroimaging, genetic, and biochemical
studies have suggested shared vulnerability factors between addictive-related disorders,
such as GD and substance use disorders (SUDs) [3,4]. For instance, dysfunctional neurobio-
logical pathways involved in reward processing [5], which may underlie impulsive and
compulsive tendencies, have been described [6].

Several endocrine factors have been implicated in brain responses to rewards and
gratification [7,8] including gut hormones (e.g., ghrelin) and adipocytokines (e.g., leptin
and adiponectin) [9,10], classically associated with food intake regulation and energy bal-
ance [11]. Despite its stimulating appetite role, ghrelin has been described as a hedonic
neural reinforcer for natural (e.g., food) and non-natural rewards (e.g., drugs) by its in-
teraction with dopamine signaling in the mesolimbic circuit and other neuroendocrine
pathways (e.g., linked to stress, appetite, and metabolic processing) [12]. Ghrelin has been
extensively studied in different addictive-related disorders, such as binge eating disorder
(BED) and obesity [13,14], as well as in SUDs [15], especially involving alcohol [16,17].

Noticeably, ghrelin up-regulation has been described in SUDs, which positively cor-
relates with craving, abstinence, and relapse [17–19]. Accordingly, exogenous ghrelin
administration increases craving and drug consumption [9], contrary to ghrelin antago-
nists [20,21]. An antagonist of ghrelin named liver enriched antimicrobial peptide 2 (LEAP2)
has been recently described [22,23]. It has been related to impulsivity and cognitive func-
tioning [24] and may contribute to addictions due to its interplay with ghrelin. Furthermore,
genetic alterations related to the ghrelin system, such as receptor polymorphisms, have
been associated with reward-seeking behaviors and consumption [25], which together
may have potential therapeutic implications [26,27]. In GD, a study by Sztainert et al. [28]
suggests ghrelin as a potential predictor of gambling craving and persistence.

Adipocytokines have also been studied in relation to impulsivity [29] and addiction [30,31].
As in the case of regulation of food intake, opposite effects on craving and abstinence have
been attributed to leptin compared with ghrelin [32]. Leptin concentrations have been inversely
correlated with consumption severity [33], being proposed as a possible biomarker in SUDs
involving alcohol and cocaine [10,34]. However, studies regarding alcohol consumption have
shown inconsistent results [30], even describing higher leptin concentrations in individuals with
alcohol use disorder than in HCs, positively associated with alcohol intake [30,34]. A single study
exploring leptin concentrations in GD did not find significant differences compared with those
in HCs [35]. Despite there are fewer studies related to adiponectin and addictions, decreased
serum concentrations have been reported in obesity with and without eating disorders and in
opioid use disorder [14,36]. Adiponectin has also been proposed as a biomarker of craving, like
ghrelin, in alcohol use disorder [37]. Similar to other addictive-related disorders, these endocrine
substrates represent potential candidates involved in the pathogenesis of BAs, such as GD [35].
However, this area remains underexplored in GD, and further research is needed.
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Other neurobiological features linked to addictive-related disorders include impaired
neuropsychological processes not only regarding executive functions, such as response
inhibition, self-regulation, decision-making, cognitive flexibility, and planning but also
working memory [38–42]. These cognitive functions have been described as core symptoms
in BAs [39] and are especially related to impulse control [41]. More severe neuropsycho-
logical impairment has been described among older patients with GD and preferences
for non-strategic gambling [41,43,44]. Neuropsychological impairment has statistically
predicted poorer treatment outcome, with more frequent dropout and relapse [41,45].

Beyond neuropsychological factors, other psychological and clinical features have
been implicated in the development of addictive disorders [46]. In GD, for example, cer-
tain personality traits such as high levels of novelty-seeking (related to impulsivity) and
harm avoidance, especially in women [46,47], together with low self-directedness have
been linked to both GD and SUDs [48,49]. Difficulties in emotion regulation and poorer
psychological states have been linked to GD [50], particularly in women and older individ-
uals with non-strategic gambling [43,44]. A more dysfunctional psychological profile has
been associated with greater neuropsychological impairment [41,43,44]. However, studies
have largely not explored relationships between different neurobiological features (i.e.,
endocrine, and neuropsychological factors) and psychological and clinical variables.

To the best of our knowledge, this is the first study that explores the roles of multiple
specific signals implicated in addiction and energy homeostasis, meaning food intake and
energy expenditure, and clinical and psychological measures among a clinical population
with GD. We aimed to explore and compare plasma concentrations of specific metabolic
hormones (i.e., leptin, ghrelin, adiponectin, and LEAP2) between patients with GD and
HCs. As a second aim, we analyzed correlations between the mentioned endocrine factors
and neuropsychological and clinical features. In line with previous literature in addictive
disorders, we hypothesized the existence of significant differences in plasma hormonal
concentrations between the GD and HC groups. We also hypothesized poorer cognitive
functioning, worse psychopathological state, and a more dysfunctional personality pro-
file among individuals with GD. These features were also hypothesized to be related to
endocrine alterations, including being able to statistically predict GD presence.

2. Materials and Methods

2.1. Participants

The sample consisted of n = 297 treatment-seeking adult outpatients with GD (93.6%
males) with a mean age of 39.58 years (SD = 14.16), voluntarily recruited at the Behavioral
Addictions Unit-Psychiatry Department of Bellvitge University Hospital (Barcelona, Spain).
As inclusion criteria, all the patients had a diagnosis of GD according to DSM-5 criteria [1].
The HC group was composed by 41 individuals without GD (90.2% males), with a mean age
of 49.27 years (SD = 15.23) and was recruited via advertisement from the same catchment
area. Regarding anthropometric and endocrine variables, 79 HCs were evaluated by adding
to the initial sample 38 healthy adults from CIMUS, University of Santiago de Compostela
(Santiago de Compostela, Spain). General exclusion criteria for all participants were the
presence of an organic mental disorder, an intellectual disability, a neurodegenerative
disorder (such as Parkinson’s disease) or an active psychotic disorder. Recruitment of
participants occurred from April 2018 to September 2021, and the evaluation of individuals
with GD took place before starting treatment at the Behavioral Addictions Unit-Psychiatry
Department of Bellvitge University Hospital (Barcelona, Spain).

Supplementary Materials Table S1 contains the complete description for the partici-
pants in the study.

2.2. Measures
2.2.1. Hormonal Assays

Endocrine variables were quantified from peripheral blood sample extraction by
venous aspiration with ethylenediamine tetraacetic acid (EDTA; 25 mM final concentration),
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all samples were collected at 9 am, after at least 8 h of fasting. The blood was centrifuged at
1700 g in a refrigerated centrifuge (4 ◦C) for 20 min. Plasma was immediately separated
from serum and stored at −80 ◦C until analysis. Parameter determinations were conducted
using commercial kits according to the manufacturer’s instructions and in a single analysis
to reduce inter-assay variability. The quantitative measurement of LEAP-2 in plasma
was performed using a commercial enzyme-linked immunosorbent assay (ELISA) kit
(Human LEAP-2 [37–76] ELISA kit, Phoenix Pharmaceuticals, Inc., Burlingame, CA, USA),
previously validated [51,52]. Intra-assay and inter-assay variation coefficients were <10%
and <15%, respectively. The assay sensitivity limit was 0.15 ng/mL. Total ghrelin (pg/mL)
was measured by ELISA kit (Invitrogen-Thermo Fisher Scientific, Madrid, Spain) for
detection of human ghrelin, with a specificity of 100%. Intra-assay variation coefficient was
<6% and inter-assay <8.5%. The assay sensitivity limit was 11.8 pg/mL [53]. Adiponectin
(ng/mL) and leptin (ng/mL) plasma measurements were performed using a solid-phase
sandwich ELISA kit (Invitrogen-Thermo Fisher Scientific, Madrid, Spain) with a specificity
of 100%. Intra-assay and inter-assay variation coefficients were <4% and <5%, respectively,
and assay sensitivity limit was 100 pg/mL for adiponectin and <3.5 pg/mL for leptin.
The absorbance from each sample was measured in duplicate using a spectrophotometric
microplate reader at a wavelength of 450 nm (Epoch 2 microplate reader, Biotek Instruments,
Inc., Winooski, VT, USA).

2.2.2. Neuropsychological Variables

Iowa Gambling Task (IGT) [54]. A computerized task to evaluate decision-making,
risk, reward, and punishment value. The participant must select 100 cards from four decks
(i.e., A, B, C, and D), and after each card selection, an output is given either a gain or a
loss of money. The participant is instructed that the aim of the task is to win as much
money as possible. This test is scored by subtracting the number of cards selected from
decks A and B from the number of cards selected from decks C and D. While decks A and
B are not advantageous as the final loss is higher than the final gain, decks C and D are
advantageous since the punishments are smaller. Higher scores point to better performance,
while negative scores point to persistently choosing disadvantageous decks.

Wisconsin Card Sorting Test (WCST) [55] is a task for assessing cognitive flexibility
and inhibitory control, composed of four stimulus cards and 128 response cards showing
different shapes, colors, and numbers of figures in each one. The participant must match
response cards with the stimulus cards in a way that it seems justifiable before receiving the
feedback (i.e., correct, or incorrect). After ten sequential correct answers the categorization
criteria changes. The number of complete categories, percentage of perseverative errors,
and percentage of non-perseverative errors are recorded.

Stroop Color and Word Test (SCWT) [56] consists of three different lists, beginning
with a word list containing the names of colors printed in black ink; then, a color list that
comprises letter “X” printed in color; and, finally, a color-word list constituted of names of
colors in a color ink that does not match the written name. Three final scores are obtained
based on the number of items that the participant can read on naming on each list in
45 s. It assesses the ability to inhibit cognitive interference, which occurs when the pro-
cessing of a stimulus feature affects the simultaneous processing of another attribute of the
same stimulus.

Trail Making Test (TMT) [57] consists of 25 circles spread out over two sheets of paper
(Parts A and B). The participant is told to connect these circles drawing a line between
consecutive numbers (part A) and alternating numbers and letters following a sequential
order (part B). The task assesses visual conceptual and visual-motor tracking, entailing
motor speed, attention, and the capacity to alternate between cognitive categories (set-
shifting). Each part is scored according to the spent time to complete the task.

Digits backward task of the Wechsler Memory Scale-Third Edition (WMS-III) [58]
consists of two lists of digits presented verbally by the examiner. The participant is asked
to repeat the digits in the same order (first list) and in reverse order (second list). It assesses
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verbal working memory due to internal manipulation of mnemonic representations of
verbal information that is required in the absence of external cues.

Vocabulary subtest of the Wechsler Adult Intelligence Scale, 3rd ed. (WAIS-III) [59]
requires defining words of increasing difficulty orally presented, to assess the vocabulary
expression and to estimate intellectual capacity [60].

2.2.3. Clinical Variables

South Oaks Gambling Screen (SOGS) [61], Spanish validation [62], is a 20-item instru-
ment for screening past-year gambling problems and related negative consequences. The
total score is a measure of problem-gambling severity, with a score of five or more sugges-
tive of “probable pathological gambling”. Its internal consistency in the study sample was
Cronbach’s alpha (α) = 0.735.

Diagnostic Questionnaire for Pathological Gambling According to DSM criteria [63],
Spanish validation [64], is a self-report questionnaire with 19 items coded in a binary fashion
(yes-no), used for diagnosing GD according to the DSM-IV-TR and DSM-5 criteria [1]. Its
internal consistency in the study sample was α = 0.796.

Symptom Checklist-90-Revised (SCL-90-R) [65], Spanish validation [66], is a 90-item
self-report questionnaire measured on an ordinal 3-point scale, evaluating a broad range
of psychological problems and psychopathology, based on nine primary symptomatic
dimensions (Somatization, Obsession–Compulsion, Interpersonal Sensitivity, Depression,
Anxiety, Hostility, Phobic Anxiety, Paranoid Ideation, and Psychoticism). It includes three
global indices (global severity index, positive symptom distress index, and total positive
symptom). The internal consistency in the study was α = 0.979.

Temperament and Character Inventory-Revised (TCI-R) [67], Spanish validation [68],
is a questionnaire with 240-items scored on a 5-point Likert scale, measuring personality
derived from three character dimensions (Self-Directedness, Cooperativeness, and Self-
Transcendence) and four temperament dimensions (Harm Avoidance, Novelty Seeking,
Reward Dependence, and Persistence). It is used only for research purposes in a public
non-profit hospital, in its Spanish adaptation in which the original author participated [68].
The internal consistency in the study was between α = 0.702 (Novelty Seeking) and
α = 0.876 (Persistence).

Impulsive Behavior Scale (UPPS-P) [69], Spanish validation [70], measures five facets
of impulsive behavior through self-report on 59 items: negative urgency; positive urgency;
lack of premeditation; lack of perseverance; and sensation-seeking. The internal consistency
in the study was between α = 0.799 (lack of perseverance) and α = 0.928 (positive urgency).

2.2.4. Other Variables

Additional data (e.g., socio-demographic, socio-economic, anthropometric variables,
and GD-related characteristics) were collected in a semi-structured face-to-face clinical
interview as described elsewhere [71].

2.3. Procedure

All patients and HCs from the same catchment area were evaluated at the Behavioral
Addictions Unit-Psychiatry Department of Bellvitge University Hospital (Barcelona, Spain),
by an expert multidisciplinary team in the field of GD. In the first session, a comprehensive
semi-structured clinical interview was conducted, in which all aspects related to gam-
bling behavior were assessed. During the second session, the extraction of blood samples
occurred. Samples were analyzed in CIMUS, University of Santiago de Compostela (Santi-
ago de Compostela, Spain), where 38 out of 79 HCs were evaluated regarding endocrine
and anthropometric measures. The neuropsychological assessment was performed in a
third session.
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2.4. Statistical Analysis

The statistical analysis was conducted with Stata17 for Windows [72]. Comparison
between groups (GD versus HC) were made by Analysis of Covariance (ANCOVA), ad-
justing for sex, age, and body mass index (BMI) for endocrine variables, and adjusting for
sex, age, and education level for neuropsychological variables. The effect size for the mean
comparisons was obtained with the standardized Cohen’s-d, considering moderate-mild
effect values 0.50 < |d| < 0.80 and high-large effect values |d| > 0.80 [73].

Associations between endocrine and neuropsychological and clinical variables were
estimated with partial correlation coefficients, adjusting for sex, age, and BMI (associations
with the neuropsychological tasks also included adjustment for the education level). Due
to strong associations between the null-significance test for the correlation models given
the sample sizes (low correlations achieve significance in large samples, and vice versa), in
this study mild-moderate correlation was considered for values |R| > 0.24 and high-large
correlation for values |R| > 0.37 [74].

A predictive model was obtained to select the variables with discriminative capacity
to identify the presence of GD, through logistic regression. The criterion for the modeling
was the diagnosis of GD (presence/absence), and potential predictors included sociode-
mographic measures, global psychopathological distress, impulsivity levels, personality
features, and neuropsychological and endocrine measures. A stepwise selection method
was used to automatically select significant contributors. Sex, age, and BMI were included
as adjustment/covariables. The goodness-of-fit was measured with the Hosmer–Lemeshow
test, the overall predictive capacity with the Cox-Snell’s pseudo-R2, and the overall dis-
criminative capacity with the area under the Receiver Operating Curve (ROC).

In this study, the increase in the Type-I error due to the performance of multiple
significance tests was controlled with the familywise error Finner’s procedure, which has
shown greater efficiency than the classic Bonferroni adjustment method [75].

3. Results

3.1. Comparison of Endocrine Measures

Adjusting for sex, age, and BMI, the GD group reported higher ghrelin and lower
LEAP2 and adiponectin values compared with HCs (Table 1 and first panel of Figure 1).
No differences were found regarding leptin values.

3.2. Comparison of Neuropsychological and Clinical Measures

ANCOVAs comparing the mean values of the neuropsychological measures and
clinical variables are displayed in Table 2 (see also second panel of Figure 1). Compared
to HCs, the GD group displayed worse performance on the WCST, WAIS-vocabulary
test, and performance-learning curve during IGT performance (Figure 2). The GD group
also reported worse psychopathological states (higher mean scores on the SCL-90 R),
higher impulsivity (except on the UPPS-P sensation-seeking scale) and more dysfunctional
personality profiles (except on the TCI-R persistence scale).

Table 1. Comparison of clinical characteristics via ANCOVA.

Control (N = 79) GD (N = 297)

Mean SD Mean SD p |d|

1 Ghrelin (pg/mL) 544.92 673.59 958.48 753.26 <0.001 * 0.58 †
1 LEAP2 (ng/mL) 8.41 3.99 5.28 2.88 <0.001 * 0.90 †
1 Leptin (ng/mL) 9.00 8.13 8.18 7.85 0.402 0.10

1 Adiponectin (ng/mL) 12784.98 14084.20 8381.47 4374.29 <0.001 * 0.42
2 BMI (kg/m2) 24.99 2.36 26.57 5.04 0.005 * 0.40

Note. GD: gambling disorder. LEAP2: liver enriched antimicrobial peptide 2. BMI: body mass index. SD: standard
deviation. |d|: Cohen’s-d coefficient. * Bold: significant comparison. 1 Adjustment by sex, age, and BMI.
2 Adjustment by sex and age. † Bold: effect size into the range mild-moderate (|d| > 0.50 and <0.80) to high-large
(|d| > 0.80).
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Figure 1. Radar-charts (z-standardized means are plotted). Note. GD: gambling disorder (n = 297).
Control (n = 41). LEAP2: liver enriched antimicrobial peptide 2. IGT: Iowa Gambling Test. WCST:
Wisconsin Card Sorting Test. TMT: Trail Making Test. WMS-III: Wechsler Memory Scale Third Edition.
WAIS: Wechsler Adult Intelligence Scale. Due the different measurement scale for the variables in the
graph, Z-standardized means are plotted to facilitate interpretation.

0.65

3.24
2.34

2.99

0.09
1.19 1.25 1.18

−1.87

−0.39

Figure 2. Performance-learning curve in the Iowa Gambling Test task. Note. GD: gambling disorder
(n = 297). Control (n = 41).
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Table 2. Comparison of the clinical characteristics via ANCOVA.

Control (N = 41) GD (N = 297)

1 Neuropsychological Measures Mean SD Mean SD p |d|

IGT: block-1 −0.39 4.87 −1.87 5.16 0.115 0.30
IGT: block-2 0.65 5.87 0.09 5.52 0.583 0.10
IGT: block-3 3.24 9.50 1.19 6.97 0.126 0.25
IGT: block-4 2.34 9.85 1.25 7.46 0.446 0.12
IGT: block-5 2.99 8.33 1.18 8.56 0.249 0.21

IGT: total 8.88 28.10 2.10 21.94 0.104 0.27
IGT: learning 5.07 15.12 4.22 13.77 0.739 0.06

IGT: risk 5.33 15.78 2.44 13.64 0.257 0.20
WCST: trials 91.61 19.76 102.98 19.58 0.001 * 0.58 †
WCST: errors 20.04 16.28 33.14 21.77 <0.001 * 0.68 †

WCST: errors perseverative 9.13 6.27 15.09 10.06 <0.001 * 0.71 †
WCST: conceptual 65.77 8.66 60.60 16.25 0.063 0.40

WCST: categories completed 5.59 1.07 4.76 1.80 0.006 * 0.56 †
WCST: trials to complete 1-cat 17.64 6.52 26.79 28.09 0.053 0.45

TMT: A 28.81 8.10 31.77 10.51 0.088 0.32
TMT: B 70.67 22.07 78.41 36.38 0.202 0.26

TMT: Diff 41.74 18.48 47.75 32.35 0.271 0.23
Stroop: words 101.50 13.27 98.13 13.91 0.173 0.25
Stroop: colors 67.82 9.97 68.28 11.00 0.812 0.04

Stroop: words-colors 43.07 10.25 42.97 10.55 0.955 0.01
Stroop: estimated 40.48 5.20 40.11 5.53 0.700 0.07

Stroop: interference 2.59 7.71 2.86 7.75 0.838 0.04
WMS-III: direct 8.91 1.93 8.96 2.02 0.902 0.02

WMS-III: direct-span 5.99 1.12 6.01 1.16 0.947 0.01
WMS-III: inverse 6.55 1.89 6.18 1.99 0.304 0.19

WMS-III: inverse-span 4.80 0.98 4.64 1.15 0.427 0.15
WMS-III: total 15.46 3.36 15.14 3.62 0.617 0.09

WAIS: vocabulary 45.30 5.29 38.50 8.52 <0.001 * 0.96 †

2 Psychological measures Mean SD Mean SD p |d|

SCL-90R Somatization 0.43 0.35 0.99 0.78 <0.001 * 0.92 †
SCL-90R Obsessive/compul. 0.68 0.52 1.19 0.84 <0.001 * 0.74 †

SCL-90R Interp.sensitivity 0.40 0.38 0.99 0.80 <0.001 * 0.95 †
SCL-90R Depressive 0.51 0.59 1.54 0.93 <0.001 * 1.32 †

SCL-90R Anxiety 0.36 0.34 1.00 0.80 <0.001 * 1.05 †
SCL-90R Hostility 0.43 0.50 0.96 0.87 <0.001 * 0.76 †

SCL-90R Phobic anxiety 0.06 0.16 0.41 0.61 <0.001 * 0.77 †
SCL-90R Paranoid Ideation 0.46 0.47 0.95 0.79 <0.001 * 0.75 †

SCL-90R Psychotic 0.22 0.26 0.90 0.75 <0.001 * 1.20 †
SCL-90R GSI score 0.43 0.34 1.08 0.70 <0.001 * 1.18 †
SCL-90R PST score 26.37 16.45 47.53 20.77 <0.001 * 1.13 †
SCL-90R PSDI score 1.41 0.33 1.86 0.59 <0.001 * 0.95 †

UPPS-P Lack premeditation 20.98 4.02 24.32 5.51 <0.001 * 0.69 †
UPPS-P Lack perseverance 19.26 4.13 21.97 4.83 0.001 0.60 †
UPPS-P Sensation seeking 28.13 7.41 28.51 7.89 0.770 0.05
UPPS-P Positive urgency 20.70 5.85 31.92 9.22 <0.001 * 1.45 †

UPPS-P Negative urgency 23.02 5.55 32.25 6.44 <0.001 * 1.54 †
UPPS-P Total 112.13 18.36 138.83 22.37 <0.001 * 1.30 †

TCI-R Novelty seeking 99.34 10.63 110.82 13.13 <0.001 * 0.96 †
TCI-R Harm avoidance 88.04 17.86 98.79 16.83 <0.001 * 0.62 †

TCI-R Reward dependence 103.95 13.99 97.97 13.50 0.009 * 0.43
TCI-R Persistence 112.65 18.18 109.02 18.90 0.259 0.20

TCI-R Self-directedness 148.17 19.03 130.13 20.52 <0.001 * 0.91 †
TCI-R Cooperativeness 136.98 15.25 130.18 15.42 0.010 * 0.44

TCI-R Self-transcendence 66.73 15.93 61.38 13.83 0.025 * 0.36
Note. GD: gambling disorder. SD: standard deviation. IGT: Iowa Gambling Test. WCST: Wisconsin Card Sorting Test.
TMT: Trail Making Test. WMS-III: Wechsler Memory Scale Third Edition. WAIS: Wechsler Adult Intelligence Scale.
SCL-90R: Symptom Checklist-90-Revised. UPPS-P: Impulsive Behavior Scale. TCI-R: Temperament and Character
Inventory-Revised. * Bold: significant comparison. 1 Adjustment by sex, age, and education. 2 Adjustment by sex
and age. † Bold: effect size into the range mild-moderate (|d| > 0.50) to high-large (|d| > 0.80).

3.3. Associations between Endocrine Variables and Neuropsychological and Clinical Measures

Supplementary Materials Table S2 displays the partial correlation matrix between
the endocrine profile with neuropsychological and clinical variables (psychopathology,
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impulsivity, and problem-gambling severity). No relevant associations were found within
the GD subsample. Among HCs, lower ghrelin values were related to higher values on
the IGT-block 5 and, on the WCST scales, number of trials and number of perseverative
errors. Higher LEAP2 values were associated with worse psychological states and poorer
performance on the TMT, Stroop task, and WMS digits-direct task. Higher leptin was
also related to higher levels of phobic anxiety and worse performance on the IGT, WCST
conceptual portion, and TMT. Finally, higher adiponectin values were correlated with lower
scores on the UPPS-P lack of premeditation scale, and worse performance on the WMS
direct and total scales.

3.4. Predictive Model for GD Presence

Table 3 shows the results of the logistic regression. The likelihood of being identified
as GD was higher for individuals with lower education levels, lower social position indexes,
greater psychopathological distress, higher impulsivity, lower self-transcendence, worse
neuropsychological performance (specifically for WCST perseverative errors and on the
Stroop color and WAIS vocabulary tasks), and lower LEAP2 levels.

Table 3. Predictive logistic regression model for identifying GD.

Dependent Variable: 1 = GD vs. 0 = HC B SE p OR 95% CI OR

Covariates Sex (0 = women; 1 = men) −0.781 1.498 0.602 0.458 0.024 8.623
Age (years-old) −0.100 0.033 0.002 0.905 0.848 0.965

BMI (kg/m2) 0.508 0.149 0.001 1.662 1.241 2.226
Education (low levels) 2.875 0.754 0.001 17.724 4.045 77.665

Socioeconomic status (low levels) 1.099 0.543 0.043 3.000 1.035 8.696
Psychopathology distress (SCL-90R GSI) 2.483 0.896 0.006 11.973 2.069 69.290

Impulsivity (UPPS-P total) 0.082 0.023 0.001 1.086 1.038 1.135
Personality: TCI-R self-transcendence −0.071 0.031 0.023 0.932 0.877 0.990

WCST Perseverative errors 0.180 0.068 0.008 1.198 1.048 1.368
Stroop Color 0.093 0.047 0.046 1.098 1.002 1.203

WAIS Vocabulary −0.175 0.064 0.007 0.840 0.740 0.953
LEAP2 (ng/mL) −0.326 0.126 0.009 0.722 0.564 0.923

Fit statistics H-L = 0.985; R2 = 0.427; AUC = 0.986 (95% CI: 0.973 to 0.998)

Note. GD: gambling disorder (n = 297). HC: healthy control (n = 41). Stepwise logistic regression adjusted by
sex, age, and BMI. SE: standard error. OR: odds ratio. H-L: Hosmer–Lemeshow test (p-value). R2: Cox-Snell R2.
AUC: area under the ROC curve (95% confidence interval (CI)). List of statistical predictors: sociodemographics
(marital status, studies levels, and socioeconomic position), psychopathology distress (SCL-90R GSI), impulsivity
level (UPPS-total), personality features (TCI-R), psycho-neurological profile, and endocrine measures (ghrelin,
leptin, LEAP2 and adinopectin).

4. Discussion

The present work studied gut hormones and adipocytokines, based on their associa-
tion with reward and impulsive–compulsive processes, in people with GD compared with
HCs. Likewise, neuropsychological, and clinical features were also evaluated, as well as its
relationship with endocrine factors. Individuals with GD presented altered endocrine pro-
files compared to HCs, and regardless of BMI, were characterized by higher plasma ghrelin
and lower LEAP2 and adiponectin concentrations, without significant differences in leptin
levels. A worse neuropsychological performance, higher emotion dysregulation, greater
psychopathological scores, higher impulsivity, and a more dysfunctional personality profile
were also described in individuals with GD. Although significant correlations between
endocrine factors and neuropsychological and clinical features were largely lacking, some
neuropsychological domains and lower LEAP2 concentrations predicted GD presence.
Implications are described below.

Increased plasma ghrelin concentrations in patients with GD seem consistent with
results in SUDs, where ghrelin upregulation has been described [17,18], These findings
suggest not only that this hormone could be involved in addictive processes [76] but also
shared neurobiological substrates [3,4]. Despite not predicting GD presence, ghrelin up-
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regulation could speculatively contribute to maintenance of gambling due to its reinforcing
properties [28], as well as being a risk factor for relapse, related to intensify craving [28]. If
such possibilities received empirical support, similar to in SUDs, they may have important
therapeutic implications for GD [27].

Although this is the first study to explore LEAP2 in GD, lower concentrations among
individuals with GD suggest a possible dysfunction in the ghrelin system also involving
LEAP2. The findings raise the intriguing possibility as to whether altered ghrelin produc-
tion may influence LEAP2 release, supporting LEAP2 antagonism [22] and favoring lower
LEAP2 concentrations. Moreover, both ghrelin and LEAP2 concentrations are subject to
BMI in both animals and humans but in opposite ways [52]. Thus, persistent differences in
ghrelin and LEAP2 after adjustment by BMI between groups, together with the finding that
lower LEAP2 concentrations statistically predicted the presence of GD, suggest that these
potential disturbances may be intrinsically associated with GD. Going one step further, our
results raise the question of whether LEAP2 could be a potential therapeutic target in GD
and other addictive-related disorders because of the neutralization of ghrelin’s possibly
deleterious actions in craving, abstinence, and relapse. However, as LEAP2 has only been
recently described and there is lack of extensive or consistent data in the literature, future
research is needed [22].

The results regarding adiponectin agree with those reported in other addictive dis-
orders [14,37]. Some protective functions have been linked to adiponectin, such as anti-
inflammatory, anti-diabetic, and anti-atherogenic properties [77]. Thus, the results may in
part explain a neurobiological basis for a worse metabolic state and a higher cardiometabolic
risk associated with addiction, including individuals with GD, who had a significant higher
BMI than HCs in our sample [77]. Speculatively, they may also in part explain incident
cardiovascular conditions in relation to GD symptomatology in older adults [78]. Inter-
estingly, our findings support the previous work by Geisel et al. [35], regarding leptin
concentrations in GD. On the one hand, intrinsic compensatory mechanisms exist asso-
ciated with endocrine dysfunctions in addiction, based on changes in receptors’ activity
and/or hormones’ biosynthesis [79], which may be a possible rationale to explain the lack of
differences between individuals with GD and HCs. Nevertheless, due to the heterogeneous
methodology and mixed conclusions described in other addictive disorders, as well as
limited work in GD, further studies are lacking to replicate these extend the current results.

Regarding neuropsychological performance, patients with GD had poorer cognitive
flexibility and more perseverative errors than HCs, in line with previous findings [80].
Although we failed to find significant differences in the IGT trials, the GD group showed
numerically less learning on the task, which may suggest a potential worse decision-making
performance [41]. However, given the absence of statistically significant differences, the
findings also resonate with prior reports showing similar patterns but no group differences
in independent samples [81].

Patients with GD presented poorer estimated cognitive reserves compared to HCs.
Lower scores on intellectual performance scales may be associated with a greater tendency
to make risky decisions and may thus be a potential risk factor for the development of
GD [82]. As a distinguishing finding, worse performance on the WAIS Vocabulary and
WCST Perseverative errors predicted the presence of GD. Taken together, the results are
in line with previous research suggesting that compulsive responding is in part mediated
by impulsive decisions [39], since perseverative behavior has been “normalized” when
feedback-response pause is increased in cognitive flexibility tasks [83]. One possibility is
that low cognitive reserve may promote impulsivity, leading to an increase in perseverative
behaviors in patients with GD. Even though significant correlations between endocrine
and neuropsychological factors were largely absent, it may be worth further investigating
possible common links based on relationships with reward-related neurocircuitry [84].

Patients with GD scored higher on general psychopathology and impulsivity mea-
sures [85], with more dysfunctional personality features (i.e., higher novelty-seeking and
harm avoidance and lower reward dependence, self-directedness, cooperativeness, and
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self-transcendence) [85]. This profile has been linked to younger age of GD onset and
problem-gambling severity [86,87]. Particularly, in our study, lower self-transcendence, and
younger age, described as a possible risk factor of GD [2] also predicted the presence of
GD. Self-transcendence seems to be a protective factor delaying the age of GD onset [86,88].
On the other hand, younger age has been positively linked to earlier GD onset, male sex,
and higher novelty-seeking, and therefore, with problem-gambling severity [89]. Socio-
demographic differences related to educational and socio-economic levels aligned with
previous studies of our group [85]. From a social perspective, having a lower educational
status and less social support have been previously implicated in GD [90].

Newly, relationships between endocrine and clinical variables were largely not ob-
served. However, some previous studies revealed a relationship of appetite-related hor-
mones with impulsivity domains and mood regulation [29,91]. Considering the complexity
of addictive disorders and the limitations of cross-sectional studies, prospective studies
with larger samples are warranted to understand better relationships over time.

Limitations and Strengths

Some limitations should be mentioned. As the cross-sectional nature of this study
limits causal attributions, future longitudinal studies are needed to better understand the
involvement of neuroendocrine alterations and their roles in GD. Moreover, endocrine
measurements were analyzed from peripheral blood samples, which could limit the in-
ference of their functioning at a neural level. The lower number of individuals in the
HC group with respect to the GD group may also limit the interpretation of the results,
studies with a larger sample size are necessary to confirm the findings. Moreover, the GD
group was principally composed of treatment-seeking males referred to a specialized unit
in Catalonia, Spain. As such, studies of other compositions from other jurisdictions are
warranted to determine generalizability of the results. Nonetheless, the representation of
women in the study is consistent with the prevalence estimates in clinical treatment-seeking
samples in GD, and comparable to their frequency in the control group. On the other hand,
other strengths of this work is an adequate sample size, the well-characterized clinical and
neuropsychological profile of both groups, and the adjustment in models for potentially
confounding factors.

5. Conclusions

The present study provides evidence about underlying neuropsychological and en-
docrine dysfunctions related to reward processing in GD. The results have identified specific
endocrine, neuropsychological, and clinical factors statistically predicting the presence
of GD. Despite the cross-sectional design, this study supports a multifactorial nature of
GD. Additionally, it supports the existence of potential neurobiological targets, known for
involvement in other addictive disorders, with possible therapeutic implications. Hence, fu-
ture research in this area may contribute to the development of more specific psychological
and biological treatment strategies in GD.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/nu14235084/s1, Table S1: Characteristics of the sample; Table S2: Partial
correlation matrix.
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