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Zaida Agüera, et al.

Transdiagnostic Perspective of Impulsivity and Compulsivity in Obesity: From Cognitive
Profile to Self-Reported Dimensions in Clinical Samples with and without Diabetes
Reprinted from: Nutrients 2021, 13, 4426, doi:10.3390/nu13124426 . . . . . . . . . . . . . . . . . . 1

Hans-Christian Puls, Ricarda Schmidt, Markus Zenger, Hanna Kampling, Johannes Kruse,

Elmar Brähler and Anja Hilbert

Sex-Specific Mediation Effects of Workplace Bullying on Associations between Employees’
Weight Status and Psychological Health Impairments
Reprinted from: Nutrients , 13, 3867, doi:10.3390/nu13113867 . . . . . . . . . . . . . . . . . . . . . 15

Laurence Claes, Glenn Kiekens, Els Boekaerts, Lies Depestele, Eva Dierckx, Sylvia Gijbels,

et al.

Are Sensitivity to Punishment, Sensitivity to Reward and Effortful Control Transdiagnostic
Mechanisms Underlying the Eating Disorder/Obesity Spectrum?
Reprinted from: Nutrients 2021, 13, 3327, doi:10.3390/nu13103327 . . . . . . . . . . . . . . . . . . 27

Laura Marie Sommer, Georg Halbeisen, Yesim Erim and Georgios Paslakis

Two of a Kind? Mapping the Psychopathological Space between Obesity with and without
Binge Eating Disorder
Reprinted from: Nutrients 2021, 13, 3813, doi:10.3390/nu13113813 . . . . . . . . . . . . . . . . . . 41

Vasilios Kotsis, Fernando Martinez, Christina Trakatelli and Josep Redon

Impact of Obesity in Kidney Diseases
Reprinted from: Nutrients 2021, 13, 4482, doi:10.3390/nu13124482 . . . . . . . . . . . . . . . . . . 59

Isabel Baenas, Mikel Etxandi, Lucero Munguı́a, Roser Granero, Gemma Mestre-Bach,

Isabel Sánchez, et al.

Impact of COVID-19 Lockdown in Eating Disorders: A Multicentre Collaborative International
Study
Reprinted from: Nutrients 2022, 14, 100, doi:10.3390/nu14010100 . . . . . . . . . . . . . . . . . . . 75

Lorena Desdentado, Jaime Navarrete, Marı́a Folgado-Alufre, Ana de Blas,
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Jéssica Sánchez-González, et al.
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Preface to ”Eating Disorders and Obesity: Through

the Life Course”

Eating disorders and obesity are two conditions related to eating behaviors which have a

significant impact on an individual’s physical and mental health over the lifespan. Although they

may seem like opposite ends of the spectrum, there are both shared and differential factors that

contribute to the development and maintenance of these conditions.

Shared risk factors for both obesity and eating disorders include a genetic predisposition,

environmental factors (such as access to healthy food and physical activity opportunities, cultural

attitudes toward body size and shape, and social pressure to conform to certain standards of beauty),

psychological factors (such as specific personality traits, namely impulsivity, low self-esteem, poor

body image, and difficulties dealing with emotions) and some similar metabolic-hormonal factors.

However, there are some differences in the prevalence, clinical features, and risk factors. For

example, there has often been a chronic pattern of overconsumption in obesity, whereas there may

be more of an acute, later onset of the intermittent pattern of excessive/restrained pattern of food

consumption characteristic of binge eating disorder. Moreover, childhood trauma has been found to

be a risk factor for the development of eating disorders, while chronic exposure to social and cultural

deprivation and alienation may play a greater role in the development of obesity.

Overall, it is important to recognize that both obesity and eating disorders are complex severe

diseases that can interact throughout life (in people with eating disorders, lifetime obesity is present

in 40% of cases, and 15–20% patients who have obesity also have a comorbid ED). A personalized

approach to treatment targeting the various risk factors may be needed. Early intervention and

prevention efforts may help to reduce the prevalence of both conditions and improve overall health

outcomes. Individuals with obesity and eating disorders have often been subjected to weight

stigma and discrimination, which adversely impact their mental health and self-esteem and serve

to perpetuate these problems.

Fernando Fernandez-Aranda, Janet Treasure, and Empar Lurbe

Editors

vii
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Abstract: Impulsive and compulsive behaviors have both been observed in individuals with obesity.
The co-occurrence of obesity and type 2 diabetes (T2D) is more strongly associated with impulsivity,
although there are no conclusive results yet. A multidimensional assessment of impulsivity and
compulsivity was conducted in individuals with obesity in the absence or presence of T2D, compared
with healthy, normal-weight individuals, with highly impulsive patients (gambling disorders),
and with highly compulsive patients (anorexia nervosa). Decision making and novelty seeking
were used to measure impulsivity, and cognitive flexibility and harm avoidance were used for
compulsivity. For impulsivity, patients with obesity and T2D showed poorer decision-making ability
compared with healthy individuals. For compulsivity, individuals with only obesity presented less
cognitive flexibility and high harm avoidance; these dimensions were not associated with obesity
with T2D. This study contributes to the knowledge of the mechanisms associated with diabetes and
its association with impulsive–compulsive behaviors, confirming the hypothesis that patients with
obesity and T2D would be characterized by higher levels of impulsivity.

Keywords: impulsivity; compulsivity; decision making; cognitive flexibility; type 2 diabetes; novelty
seeking; harm avoidance

1. Introduction

The prevalence of obesity worldwide has alarmingly increased, having nearly tripled
in the last 50 years, reaching pandemic levels [1]. As one of the major risk factors for
noncommunicable diseases, it has been associated with a reduced quality of life, high
presence of disabilities, and decreased life expectancy [2]. Obesity is a complex disorder,
usually classified as a metabolic, nutritional, and endocrine disease. Several factors con-
tribute to the physiopathology of this disease, including genetic, social, environmental and
psychological aspects [3]. According to the body mass index (BMI), obesity is classified
in the following three categories: class I obesity (BMI: 30–34.9 kg/m2), class II obesity
(BMI: 35–39.9 kg/m2), and class III obesity, or morbid obesity (BMI > 39.9 kg/m2) [4]. The
presence of obesity is associated with multiple comorbidities that significantly contribute
to higher rates of morbidity and mortality, including type 2 diabetes (T2D) and insulin
resistance (IR), among others [5–7].

Excessive food consumption is one of the main contributors to weight gain in obesity.
However, appetite and feeding behavior are not only controlled by energy requirements or
metabolic need. Food also acts as a natural reinforcer, and its consumption is motivated
by its hedonic properties, which rely on mesolimbic dopamine and opioids systems [8,9].
Processed foods, high in fats, sugars, and salt, are believed to stimulate appetite and
increase calorie consumption through stimulation of opiates and dopamine receptors in
the reward center [10,11]. Given the complexity and multicausality of this pathology,
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understanding the neurobehavioral mechanisms underpinning obesity is crucial to develop
effective specific treatments.

Two constructs that have been suggested to play a role in excessive food intake and
weight gain are impulsivity and compulsivity [12]. Impulsivity is typically defined as a
tendency to act rashly without giving adequate forethought to the consequences of the
behaviors, which, in the case of obesity, is reflected by overeating palatable foods [13].
Impulsivity is multidimensional, including personality traits (e.g., sensation seeking, lack
of premeditation, and urgency) [14,15], motor impulsivity (e.g., response inhibition), and
choice impulsivity (e.g., decision making and deficits in delay gratification) [16–18]. By
contrast, compulsivity is characterized by repetitive and persistent behaviors, often harmful,
despite their consequences [19]. In the context of overeating and obesity, this is reflected
by repetition of maladaptive habits and a failure to shift behavior, despite its negative
effects [20]. An important dimension of compulsivity is cognitive flexibility, which is
the ability to flexibly adjust behavior to the demands of a changing environment (e.g.,
attentional set-shifting and task-shifting) [21,22].

Currently, there is a growing interest in analyzing dimensional models, where a
spectrum around a specific construct will be considered, in which different disorders share
some characteristics. From this point of view, the term dimension is understood as the
set of magnitudes that serve to define a psychological phenomenon [23]. Thus, while the
categorical model is based on the process of counting symptoms to an arbitrary number,
where the presence of more symptoms becomes meaningless, in dimensional approaches,
the number of diagnostic features forms an index of severity by taking into account the
daily functioning of patients. The clinical utility of adopting dimensional models has been
suggested, especially in the case of personality pathologies [24].

This is the case for the impulsive–compulsive spectrum, in which the dimensional
approach is especially relevant. Along this spectrum, some mental disorders typically
described in the impulsive pole are gambling disorder (GD) and other impulse control
disorders, attention-deficit hyperactivity disorder (ADHD), borderline personality disorder,
among others [25–27]. Compulsivity is well represented by anorexia nervosa restric-
tive type (AN-R), obsessive-compulsive disorder, and obsessive-compulsive personality
trait [28,29]. Nonetheless, where obesity and obesity plus T2D comorbidity can be placed
along the impulsive–compulsive spectrum is still unknown, which could have important
implications for developing specific treatments.

Impulsive personality traits have been associated with a greater body mass index
(BMI) and weight gain [30,31]. Moreover, strong evidence exists for a positive relation
between obesity and cognitive indices of impulsivity, such as poor decision making [32]
and deficits in delay gratification [33]. Similarly, a lack of cognitive flexibility has been
shown in individuals with obesity and overweight [34,35]. Personality traits related to
compulsivity, such as obsessive-compulsive traits and harm avoidance [36], as well as the
ability to cope with negative emotions [37], have been suggested to play an important role
in the development and perpetuation of obesity [38,39]. Accordingly, some studies showed
elevated harm avoidance in individuals with obesity [40–43].

Type 2 diabetes is a metabolic disorder, characterized by pancreatic β-cell dysfunction
and insulin resistance, which result in elevated levels of blood glucose [44]. Impaired
glycemic control and IR have been suggested to impact brain dopaminergic systems [45–50],
which may contribute to impulsivity and deficits in self-regulation, as well as impairment
in cognitive functioning [51–54]. Although there are still no conclusive results, some studies
highlight impairments in impulsivity, specifically in motor impulsivity in older adults
with T2D [54], and recent research showed more disadvantageous decision making in
T2D than in healthy controls in the Iowa gambling task (IGT) [55]. To the best of our
knowledge, there are no current studies evaluating the association between compulsivity
and T2D in individuals with obesity. Taking all this into account, it is unclear whether the
presence of T2D affects different dimensions of impulsivity and compulsivity in individuals
with obesity.

3
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The present study aimed to describe and compare different clinical populations along
the impulsivity–compulsivity spectrum. It especially focuses on individuals with obesity
in the absence or presence of T2D, when compared with highly impulsive patients (namely,
patients with GD) highly compulsive patients (namely, patients with AN-R), and healthy,
normal-weight individuals. A multiple assessment of various impulsivity and compulsiv-
ity dimensions, using self-reported measures and neuropsychological tasks, was conducted
to evaluate decision making and novelty seeking as markers of impulsivity, and cognitive
flexibility and harm avoidance as markers of compulsivity. Based on the above-mentioned
literature, individuals with obesity were expected to present compulsivity-related person-
ality traits and poor cognitive flexibility. For the impulsivity dimensions, we hypothesize
an impulsive profile to characterize obesity with T2D, with impulsive decision making and
novelty seeking possibly being more pronounced in these individuals than in those with
obesity only.

2. Materials and Methods

2.1. Study Design and Population

In the present cross-sectional study, a total of 581 participants along the impulsive–
compulsive spectrum were included, as follows: n = 115 individuals with morbid obesity
without diabetes (OB-DM), n = 67 individuals with morbid obesity and T2D (OB + DM),
n = 107 individuals with anorexia nervosa restrictive subtype (AN-R), n = 121 individuals
with gambling disorder (GD) and n = 171 healthy controls (HC). Participants in the AN-R
and GD groups who presented with T2D were not included. Seven centers, all part of
the Spanish Biomedical Research Centre in Physiopathology of Obesity and Nutrition
(CIBERobn), participated in the study. The clinical groups were patients who had been
consecutively referred to the clinics mentioned above. Healthy controls were recruited by
means of word-of-mouth and advertisements at local universities, from the same catchment
area as the clinical groups. The study was conducted according to the guidelines of the
Declaration of Helsinki and its amendments, the International Conference on Harmoniza-
tion Good Clinical Practice guidelines, and local regulatory requirements. The study was
approved by the ethics committees of all participating institutions. Informed consent was
obtained from all subjects participating in the study.

2.2. Psychometric Measures

The Temperament and Character Inventory—Revised (TCI-R) [56], previously vali-
dated in a Spanish adult population [57], consists of 240 items with a five-point Likert scale
format. Three character dimensions are evaluated (self-directedness, cooperativeness, and
self-transcendence) and also four temperaments (harm avoidance, novelty seeking, reward
dependence, and persistence). In this study, harm avoidance and novelty seeking subscales
were adopted as measures of compulsivity and impulsivity, respectively. For this sample,
the Cronbach’s alpha was good, ranging from α = 0.830 (for novelty seeking) to α = 0.889
(for harm avoidance).

The Symptom Checklist—90 Items—Revised (SCL-90-R) [58], which was validated
in a Spanish population [59], was administered for evaluating self-reported psychological
distress and psychopathology. The instrument is scored on nine primary symptom dimen-
sions (somatization, obsessive-compulsive behavior, interpersonal sensitivity, depression,
anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism) and three global
indices (global severity index (GSI), positive symptom total (PST), and positive symptom
distress index (PSDI)). The internal consistency for the global index in our sample was
high, α = 0.980.

2.3. Neuropsychological Measures

The computerized version of the Wisconsin card sorting test (WCST) [60] was used to
evaluate cognitive flexibility through a set-shifting task. The WCST consists of matching
stimulus cards within one of three of the following available categories: color, shape,
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or number. For a correct match, participants must identify the sorting rule, receiving
the feedback of “right” or “wrong” after each sort. Following 10 consecutive correct
matches, the rule is changed and then a new sorting rule must be identified. There are
up to six attempts to detect the sorting rule and five rule shifts during the task. Each rule
attainment is referred to as “category completed”. Participants do not know the correct
rules or changes. The test continues until 128 cards are sorted. The following variables
were adopted to measure cognitive flexibility: perseverative errors (i.e., failure to change
sorting strategy after negative feedback), non-perseverative errors and the number of
completed categories.

The Iowa gambling task (IGT) [61] is a computerized task proposed as a measure of
choice impulsivity as it evaluates decision making. It is performed by selecting between
four decks where each deck provides a specific amount of play money. It consists of a
total of 100 turns in which the rewards interspersed between the decks are probabilistic
punishments (monetary losses with different amounts). The final objective of the task is to
earn as much money as possible and lose as little money as possible by choosing the cards
from any deck, and participants are able to change the deck at any time. The score for this
test is obtained by the difference of selected cards from decks A and B, and from decks C
and D (CD–AB). Higher scores indicate better performance on the task. This means that
the subject will have chosen more cards from decks C and D as they are advantageous (less
penalties), while decks A and B are not advantageous (more penalties).

2.4. Procedure

The presence of T2D was diagnosed by a physician and the information was retrieved
from medical records. Obesity was defined as BMI ≥ 30 kg/m2, calculated using the
formula BMI = weight(kg)/(height(m))2. AN-R and GD samples were diagnosed according
to the DSM-5 criteria [62] by clinical psychologists and psychiatrists with more than
15 years of experience in the field, during a face-to-face clinical interview. Regarding the
neuropsychological evaluation, it was administered by a trained psychologist in a single
session. In addition, the tests were specifically selected to determine various dimensions
of executive functions. Other significant information was collected during the clinical
interviews, such as sex, age, and education level.

2.5. Statistical Analysis

Statistical analysis was performed with Stata17 for Windows [63]. Comparison be-
tween the groups was performed with analysis of covariance (ANCOVA, adjusted for sex,
age, educational level, and BMI) for quantitative measures and with logistic regression
(also adjusted for the same covariates) for binary measures. Since the groups were ordered
according to their position within the compulsivity–impulsivity continuous dimensional
spectrum, these models included polynomial contrasts to assess the presence of patterns
in data adjusted by linear, quadratic, cubic, and quartic equation/functions (four polyno-
mial trends were assessed, the maximum allowed for variables categorized in five group
levels). Pairwise post hoc comparisons also explored differences between group means
and proportions.

The Finner method was employed to control type I error due to multiple null hypoth-
esis tests. This is a correction procedure based on a stepwise multiple-test method aimed
to adjust p-values whilst controlling the familywise error rate (FWER, defined as the likeli-
hood of achieving at least k false rejections) [64]. Controlling the k-FWER implies fixing
a number of k−1 of tolerated erroneous rejections, and then combining the unadjusted
p-values to obtain a single testing for the group of null hypothesis tests at α-level.

3. Results

3.1. Descriptive for the Sample

Table 1 displays the distribution of the patients’ sex, education levels, age, and BMI, as
well as the comparison between the groups. The AN-R group included a high proportion
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of women and patients with secondary or university education levels, the youngest mean
age, and the lowest BMI. The OB-DM group was also characterized by a high proportion of
women, patients with primary or secondary study levels, and the highest BMI. OB + DM
also included mostly women, the highest proportion of participants with primary education
levels, the oldest mean age, and the highest mean BMI. The GD group included mostly
men and a high proportion of patients with primary education levels.

Table 1. Descriptive for the sample.

AN-R OB − T2D HC OB + T2D GD
N = 107 N = 115 N = 171 N = 67 N = 121

n % n % n % n % n % p
Sex

Women 97 90.7% 107 93.0% 144 84.2% 48 71.6% 19 15.7% <0.001 *
Men 10 9.3% 8 7.0% 27 15.8% 19 28.4% 102 84.3%

Education
Primary 29 27.1% 48 41.7% 16 9.4% 48 71.6% 72 59.5% <0.001 *

Secondary 48 44.9% 53 46.1% 104 60.8% 17 25.4% 32 26.4%
University 30 28.0% 14 12.2% 51 29.8% 2 3.0% 17 14.0%

Mean SD Mean SD Mean SD Mean SD Mean SD p
Age (years) 25.31 8.30 41.39 11.87 29.71 13.28 54.61 11.33 38.30 13.56 <0.001 *

BMI (kg/m2) 16.36 2.17 44.60 6.70 22.34 3.14 41.96 8.59 26.38 5.90 <0.001 *

Note. AN-R: anorexia nervosa restrictive. OB − T2D: obesity without T2D. HC: healthy control. OB + T2D: obesity without T2D. GD:
gambling disorder. SD: standard deviation. * Bold: significant comparison.

3.2. Comparison of Impulsivity and Compulsivity Measures

Table 2 contains the ANCOVA results with a comparison between the means registered
in the impulsivity and compulsivity measures, adjusted for the covariates of sex, age,
educational level, and BMI (see Figure 1 for the performance line graph for the adjusted
mean scores). These results provide evidence for differences between the groups. As
expected, the HC achieved the highest performance in the neuropsychological measures
(highest means in the IGT and lowest means in the WCST errors and perseverative errors),
the lowest mean in harm avoidance, and the lowest psychological distress. AN-R showed
the worst performance in the IGT task (the scores were similar to those obtained among
GD patients), the lowest mean in the novelty seeking trait, and the highest mean in harm
avoidance (for this personality trait, the mean score was quite similar to OB-DM). Regarding
the IGT total raw score, patients with OB + DM achieved worse performance compared to
the HC group, whereas no differences were found between the participants in the OB-DM
group and the HC group. The OB-DM condition reported the worst performance in the
WCST task and the highest mean in the harm avoidance scale. The GD patients also
achieved poor performance in the neuropsychological task, and the highest mean in the
novelty seeking dimension. Figure 2 includes the line chart showing the performance
learning curve in the IGT task. HC obtained the best performance, followed by OB-DM
and OB + DM, while AN-R and GD achieved the worst results.

Regarding polynomial contrasts, most measures did not adjust to a linear trend, while
other quadratic–cubic–quartic functions achieved statistical significance (Table 2). These
results indicated that other patterns in data with many fluctuations are more likely to
appear than simply increasing or decreasing means within the impulsivity–compulsivity
continuous spectrum.
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Table 2. Comparison between the groups in impulsivity and compulsivity measurements. ANCOVA adjusted by sex, age,
education and BMI.

AN-R OB − T2D HC OB + T2D GD Polynomial Contrasts
N = 107 N = 115 N = 171 N = 67 N = 121 Trends (p-Value)

Impulsivity Mean SD Mean SD Mean SD Mean SD Mean SD O1 O2 O3 O4

IGT Total raw −1.62 20.33 7.71 22.12 13.24 28.52 2.10 20.31 1.41 24.58 0.964 0.004 * 0.106 0.308
IGT Learning 5.84 12.94 6.35 14.65 7.87 16.84 7.08 14.38 3.44 14.38 0.511 0.177 0.477 0.909

IGT Risk index 2.63 13.83 5.89 13.42 8.46 17.02 3.63 13.28 1.96 15.22 0.561 0.029 * 0.481 0.478
TCI-R Novelty

seeking 90.94 12.56 96.53 13.21 100.33 11.45 96.15 12.11 117.82 9.29 0.001 * 0.001 * 0.001 * 0.035 *

Compulsivity Mean SD Mean SD Mean SD Mean SD Mean SD O1 O2 O3 O4
WCST Errors 27.40 16.71 39.19 25.96 23.06 16.04 27.98 24.61 31.04 24.66 0.636 0.733 0.001 * 0.027 *
WCST Errors

perseve. 12.94 7.71 19.67 14.61 10.84 7.24 13.96 13.21 13.80 10.88 0.348 0.735 0.001 * 0.011

WCST
Categ.compl. 5.11 1.20 4.45 2.22 5.25 1.21 5.37 2.12 4.80 1.97 0.650 0.549 0.001 * 0.416

TCI-R Harm
avoid. 106.02 18.63 108.88 16.87 91.38 16.21 100.21 14.07 103.51 18.77 0.046 * 0.002 * 0.015 * 0.004 *

SCL-90R
Obs.-comp. 1.24 0.91 1.26 0.73 0.70 0.56 1.04 0.67 1.45 0.87 0.505 0.001 * 0.016 * 0.055

Pairwise AN-R/ AN-R/ AN-R/ AN-
R/

OB
−

T2D/

OB −
T2D/

OB −
T2D/ HC/ HC/ OB +

T2D/

comparisons OB − T2D HC OB + T2D GD HC OB +
T2D GD OB +

T2D GD GD η2

Impulsivity
IGT Total raw 0.142 <0.001 * 0.572 0.493 0.291 0.159 0.224 0.046 * 0.002 * 0.895 0.048
IGT Learning 0.897 0.307 0.760 0.381 0.638 0.764 0.365 0.821 0.056 0.259 0.008

IGT Risk index 0.407 0.004 * 0.806 0.807 0.429 0.361 0.222 0.164 0.005 * 0.605 0.024
TCI-R Novelty

seeking 0.068 <0.001 * 0.102 <0.001 * 0.133 0.843 <0.001 * 0.121 <0.001 * <0.001 * 0.282 †

Compulsivity
WCST Errors 0.025 * 0.104 0.915 0.321 <0.001 *0.001 * 0.059 0.288 0.010 * 0.479 0.043
WCST Errors

perseve. 0.013 * 0.125 0.715 0.647 <0.001 *0.001 * 0.008 * 0.189 0.063 0.943 0.042

WCST
Categ.compl. 0.126 0.496 0.555 0.306 0.023 * 0.001 * 0.318 0.761 0.072 0.107 0.029

TCI-R Harm
avoid. 0.512 <0.001 * 0.199 0.408 <0.001 *0.002 * 0.132 0.022 * <0.001 * 0.358 0.124 †

SCL-90R
Obs.-comp. 0.937 <0.001 * 0.314 0.119 <0.001 * 0.073 0.218 0.046 * <0.001 * 0.010 * 0.109 †

Note. AN-R: anorexia nervosa restrictive. HC: healthy control. GD: gambling disorder. OB − T2D: obesity without T2D. OB + T2D:
obesity with T2D. IGT: Iowa gambling test. SCL-90: Symptom Checklist—90 Items—Revised. TCI-R: Temperament and Character
Inventory–Revised. WCST: Wisconsin card sorting test. SD: standard deviation. O1: order 1, linear. O2: order 2, quadratic. O3: order 3,
cubic. O4: order 4, quartic. η2: partial eta squared. * Bold: significant parameter. † Bold: effect size within the ranges moderate/medium to
large/high. Note. AN-R: anorexia nervosa restrictive. OB − T2D: obesity without T2D. HC: healthy control. OB + T2D: obesity with T2D.
GD: gambling disorder. IGT: Iowa gambling test. WCST: Wisconsin card sorting test. Y-axis represents the means adjusted by sex, age,
education, and BMI.

3.3. Comparison of Psychological State

Table S1 (Supplementary) shows the comparison of the psychopathology state between
the groups, according to the SCL-90R scales (see Figure S1 for the T-standardized mean
scores). A healthier psychology status was registered for the participants within the HC
group, followed by the OB + DM patients. On the other hand, the GD and AN-R conditions
registered the worse psychology state.
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Figure 1. Bar charts with the impulsivity–compulsivity measures in the study (dimensional scores).
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Figure 2. Performance learning curve (IGT task). Note. AN-R: anorexia nervosa restrictive. OB −
T2D: obesity without T2D. HC: healthy control. OB + T2D: obesity with T2D. GD: gambling disorder.
Y-axis represents the means adjusted by sex, age, education, and BMI.

4. Discussion

In the present study, we sought to investigate cognitive and personality traits asso-
ciated with impulsivity and compulsivity in individuals with obesity in the presence or
absence of T2D. Additional groups included in the study were healthy, normal-weight
individuals, highly impulsive patients (patients with GD), and underweight, highly com-
pulsive patients (patients with AN-R). Individuals with obesity and T2D showed highly
impulsive decision making, whereas the other measure of impulsivity, novelty seeking,
was not associated with obesity with T2D, nor with obesity only. For the compulsive pole,
individuals with only obesity presented poor cognitive flexibility and high harm avoidance,
although these dimensions were not associated with obesity plus T2D.

Impulsive decision making (e.g., choice impulsivity) is characterized by the preference
for high immediate reward, despite higher future losses, in terms of both physical and
psychological outcomes [17]. Poor decision making, shown by a lower IGT total score, was
observed in individuals with obesity in the presence of T2D, when compared with the HC
group. This was similar to what was observed in GD and AN-R compared to the HC. By
contrast, the IGT total score in individuals with obesity in the absence of T2D did not differ
from that of the HC group. Our findings are consistent with a previous study [55], which
showed more disadvantageous decisions in the IGT total score in individuals with obesity
plus T2D than in the HC. A potential explanation for the relation between obesity plus
T2D and cognitive components of impulsivity could be, to some extent, the deficiencies
in central insulin signaling, which are thought to impact the brain’s dopaminergic (DA)
systems [45–49]. Given the central role of DA in cognitive functions related to impulsiv-
ity [65–67], it is possible that the presence of T2D and the related alterations in insulin
signaling in the brain impact these cognitive dimensions of impulsivity [68,69].

Regarding personality traits related to impulsivity, novelty seeking reflects the ten-
dency to seek out new stimuli and experiences, to be easily bored, and be inclined to avoid
monotony [70]. The group of patients with GD were the only group that showed high
novelty seeking, whereas individuals with obesity in the presence or absence of T2D were
not characterized by high novelty seeking when compared with the HC. Although some
studies in the general population reported a positive relation between novelty seeking and
BMI [70], this was not found in clinical populations of individuals with obesity, in which
novelty seeking was not related to BMI [71] or to successful weight loss [72]. Moreover, it
has been suggested that higher novelty seeking is more frequently associated with the pres-
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ence of eating disorders (e.g., binge eating disorder and night eating disorder) [73], rather
than obesity. Impulsive personality traits more strictly linked to decision making, such as
urgency [74] and a lack of premeditation [75], may be expected to be more pronounced in
individuals with obesity in the presence of T2D, although no studies are available to date.

For the compulsive spectrum, cognitive flexibility refers to the ability to flexibly adapt
one’s behavior to a changeable environment [76]. We found poor flexibility in individuals
with obesity without T2D, compared to the other groups. This is consistent with previous
findings, in which deficits in cognitive flexibility have been observed in people with
overweight and obesity [34,35]. Difficulties in shifting current behavior in response to
different requirements could negatively impact eating behaviors, and this cognitive rigidity
could help to maintain unhealthy eating habits and, thus, relate to high body weight [77].

Concerning personality traits, harm avoidance is defined as the tendency to be mo-
tivated by a desire to avoid aversive experiences, which is strictly related to compulsive
attitudes. We observed higher levels of harm avoidance in the group of individuals with
obesity without T2D. This is in line with previous studies in clinical samples, which showed
a positive association between harm avoidance and obesity [40–42]. Higher harm avoid-
ance scores have been particularly reported in patients with grade 3 obesity compared
with grade 2 and 1 obesity [42]. Nevertheless, higher psychological distress was present in
individuals with obesity without T2D compared to the individuals with obesity plus T2D,
which could contribute to more rigid behavior and cognition.

Limits and Strengths
The present study was limited by the absence of some important variables, such as

the duration of diabetes and the diabetes medication, which could have interfered with
the results. Therefore, these findings should be interpreted with caution, and further
studies, taking medication and illness duration into account, will need to be undertaken.
Furthermore, considering the complex nature of impulsivity and compulsivity, a broader
assessment of the other domains of impulsivity/compulsivity would be informative, to
better characterize obesity in the presence or absence of T2D.

Despite these limitations, one of the strengths of the study is the inclusion of clinical
comparison groups that are representative of impulsivity and compulsivity, such as GD
and AN-R. This facilitates the placement of obesity groups along the impulsive–compulsive
spectrum. An additional strength is the use of both neurocognitive and personality mea-
sures, enabling a more comprehensive assessment.

5. Conclusions

Taken together, the results of this study suggest that the individuals with obesity in the
absence of T2D were more rigid in their behavior and showed more compulsive personality
traits than those with obesity plus T2D. On the other pole of impulsivity, we found that
individuals with obesity in the presence of T2D were more impulsive in their decisions
compared to healthy, normal-weight controls; this would allocate them to the impulsive
pole of the impulsive–compulsive spectrum. If so, the tendency to make impulsive choices
may be expected to negatively impact self-control and diabetes management. However,
due to the lack of information about diabetic medication and diabetes duration, which
affect insulin signaling in the brain, these findings should be interpreted with caution.
Further studies, controlling these variables, are needed to confirm the present findings.

Despite its exploratory nature, this study offers preliminary insights into the person-
ality traits associated with the compulsivity–impulsivity spectrum in individuals with
obesity in the presence or absence of T2D. For the health care provider, identifying and
understanding the presence of personality traits that could act as a barrier to treatment
adherence may improve the success rates of diabetes management and obesity weight loss
treatments.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu13124426/s1: Table S1: comparison between the groups: ANCOVA adjusted for sex, age,
education and BMI; Figure S1: line charts with the SCL-90R profile in the study (mean T-scores).
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Abstract: Background: Individuals with obesity face weight-related discrimination in many life
domains, including workplace bullying, especially in female employees with obesity. However,
associations between experiences of workplace bullying and psychological health impairments
considering weight status and sex remain unclear. Methods: Within a representative population-
based sample of N = 1290 employees, self-reported experiences of workplace bullying were examined
for variations by weight status and sex. Using path analyses, sex-specific mediation effects of
workplace bullying on associations between weight status and work-related psychological health
impairments (burnout symptoms, quality of life) were tested. Results: Employees with obesity
experienced more workplace bullying than those with normal weight. Workplace bullying was
positively associated with psychological health impairments and partially mediated the associations
between higher weight status and elevated burnout symptoms and lower quality of life in women,
but not in men. Conclusions: The result that more experiences of workplace bullying were, compared
with weight status, more strongly associated with work-related psychological health impairments
in women, but not in men, uniquely extends evidence on sex-specific effects within weight-related
discrimination. Continued efforts by researchers, employers, and policy makers are needed to
reduce weight-related discrimination in work settings, eventually increasing employees’ health and
job productivity.

Keywords: weight discrimination; workplace bullying; burnout; sex-specific differences;
moderated mediation

1. Introduction

Especially in Western societies, a growing number of individuals with obesity (body
mass index (BMI) ≥ 30 kg/m2 [1]) are at risk of a range of medical and psychological
health impairments [2,3]. Although obesity has a complex and multifactorial etiology, it is
considered to be the main nutritional disorder, as it ultimately results from an imbalance
between caloric intake and caloric expenditure [4]. Aspects that cause additional strain in
many life domains (e.g., work settings) of individuals with obesity include weight-related
stereotypes (i.e., negative beliefs about a stigmatized group), prejudices (i.e., negative emo-
tions against a stigmatized person), and discrimination (i.e., negative behaviors towards
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a stigmatized person [5]) such as workplace bullying [6]. The present study aimed to
elucidate the intensity of experiences of workplace bullying across the weight range and
its associations with psychological health impairments moderated by employees’ sex.

In work settings, weight-related stereotypes describe individuals with obesity as, for
example, being less effective, less ambitious, and showing more non-medical absenteeism
compared with their co-workers with normal weight [7]. Meta-analytic evidence from
experimental studies using simulated employment decisions showed that applicants with
obesity, compared with those without obesity, were evaluated more negatively on a range of
work-related characteristics, including lower hiring recommendations, lower estimated job
success, and less job suitability. Most strikingly, the greatest difference in these simulated
attributions to applicants with and without obesity was a lower rating of estimated co-
worker desirability for those having obesity [8]. In fact, workers with obesity reported
frequent experiences of being bullied or socially isolated by their co-workers [7], which
was termed workplace bullying [9]. Within a single observational study on two samples
of N = 341 student employees and N = 528 full-time employees, self-reported experiences
of workplace bullying were greater in employees with overweight and obesity than in
those with normal weight [10]. Nonetheless, more population-based research considering
additional moderators (e.g., age and socioeconomic status) would add to the yet limited
evidence regarding experiences of workplace bullying across the weight range [11].

The only available study examining sex-specific effects in workplace bullying across
the weight range revealed that women with overweight and obesity reported significantly
more experiences of workplace bullying than women with normal weight, while this effect
was not found in men, thus indicating a weight-by-sex interaction effect on experiences
of workplace bullying [10]. In addition, evidence consistently showed women to be
more affected by other forms of weight-related discrimination at the workplace than men,
especially regarding recruitment and income [12,13]. For example, in a recent population-
based study following-up N = 6000 middle and high school seniors over four years after
graduation, young women with overweight or obesity had less job chances and earned
less than those with normal weight, while the opposite effect was found in men [14]. It
may be concluded that women experience stronger weight-related discrimination at the
workplace, including workplace bullying, than men.

General experiences of weight-related discrimination were associated with a range
of medical and psychological health impairments, including eating disturbances (e.g.,
high-caloric food intake, binge-eating, or emotional eating; [15]). Specific psychological
correlates of workplace bullying included elevated symptoms of emotional exhaustion
and lower quality of life, both in workers across the weight range [16,17] and in workers
with overweight or obesity compared with those with normal weight [18,19]. Further,
in the study by Sliter et al. [10], experiences of workplace bullying partially mediated
the association between weight status and job withdrawal, with the latter being associ-
ated with emotional exhaustion. Alongside depersonalization and reduced perceived
accomplishment at work, emotional exhaustion represents a key symptom of the burnout
syndrome [20], which itself is known to be an important health issue in work settings [21].
Notably, in sex-specific analyses, experiences of workplace bullying were more strongly
associated with weight status in women than in men, and linked to job withdrawal in men,
but not in women [10].

Research has only begun to elucidate the prevalence of experiences of workplace
bullying and their sex-specific associations with psychological health impairments. Thus,
the present study aimed to, firstly, describe the intensity of experiences of workplace
bullying in a large population-based sample as a function of employees’ weight status
and sex. We expected more experiences of workplace bullying in individuals with over-
weight and obesity than with normal weight and, within participants with overweight
or obesity, in women than in men. Secondly, weight status and workplace bullying were
evaluated regarding their relative explanatory power for work-related psychological health
impairments, hypothesizing a mediating effect of workplace bullying on the association
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between higher weight status and elevated burnout symptoms as well as lower quality of
life. Thirdly, we evaluated whether this mediating effect would be moderated by sex (i.e.,
evident in women, but not in men).

2. Materials and Methods

2.1. Recruitment and Sample

The present study’s data were derived from a 2012 representative survey of the Ger-
man population with the assistance of the Independent Service for Surveys, Methods, and
Analyses (USUMA Berlin). The sampling procedure, as a common and standardized proce-
dure in German representative survey designs [22], included three stages of randomized
selection, and thus yielded in a sample representative for the German general population.
First, 258 representative sampling areas were selected out of a total of 53,000 areas from all
parts of Germany, stratified according to counties and number of inhabitants [23]. Second,
4386 addresses were selected using a random-route-assisted procedure and, third, one
randomly selected household member per address was personally contacted and supposed
to respond in person for study participation. The survey was approved by the Ethics
Committee of the University of Leipzig (Approval No. 072-11-07032011) and followed
the ethical guidelines of the International Code of Marketing and Social Research Practice
by the International Chamber of Commerce and the European Society for Opinion and
Marketing Research. Oral informed assent and consent was obtained from the partici-
pants for ≥18 years and, for participants <18 years, informed consent was obtained from
the parents, which is common in survey research in Germany. Following a face-to-face
explanation of the study objectives, the procedure, and data protection, each participant
received a questionnaire, which he or she completed himself or herself in the presence of
the interviewer.

Of the 2555 participants who responded to the initial contact (response rate 58.3%),
n = 1335 (52.3%) participants were employed at the time of the survey and provided data
on experiences of workplace bullying derived from the “Intensity of Bullying Coming
from Co-Workers” scale (MOB-K, see below [24]). As weight status was a central study
variable, we omitted n = 20 participants owing to missing data on weight and height, and
we further omitted n = 25 participants with underweight (BMI ≤ 18.5 kg/m2) owing to
their small number, finally resulting in a study sample of N = 1290 participants (50.5% out
of 2555 eligible individuals; 29.4% out of 4386 initially contacted individuals).

2.2. Measures

Workplace bullying. Experiences of workplace bullying were assessed using the sum
score of the MOB-K [24]. The sum score is derived from four items addressing different
aspects of workplace bullying (i.e., social isolation, bullying, defamatory statements, and
overall quality of interaction), which are rated on a four-point Likert scale (1 = not at all
to 4 = very much). Higher scores indicate higher intensity of experiences of workplace
bullying. In the present study, the MOB-K showed good internal consistency (Cronbach’s
α = 0.83).

Psychological health impairments. To depict work-related psychological health impair-
ments, we focused on work-related symptoms of exhaustion, distress, dysfunctional cogni-
tions, and feelings of decreased efficacy and motivation, all associated with the burnout
syndrome [20], and assessed by the “Burnout Screening Scale II” (BOSS II [25]). With
30 items rated on a six-point Likert scale (0 = not at all to 5 = very much), the BOSS II assesses
physical, cognitive, and emotional symptoms occurring within the last seven days. Items
are accumulated to a mean score, with higher scores indicating higher impairment. Quality
of life was assessed using the sum score of the “EuroQoL 5 Item-index” (EQ-5D [26,27]).
Five items addressing impairments in mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression are rated on a five-point Likert scale (1 = not at all to 5 = very much)
and accumulated to a sum score, with higher scores indicating a higher quality of life. BOSS
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II and EQ-5D showed good to high internal consistency in the present study (Cronbach’s
α = 0.83 and 0.96, respectively).

Weight and socioeconomic status. Participants were categorized into weight status groups
according to their BMI (kg/m2), specifically, normal weight (18.5 ≤ BMI < 25.0 kg/m2),
overweight (25.0 ≤ BMI < 30.0 kg/m2), and obesity (BMI ≥ 30.0 kg/m2), based on self-
reported weight and height. Participants were further categorized into low, medium,
and high socioeconomic status (SES) as derived from a modified Winkler Index, which
accumulates information about the highest educational degree, professional degree, current
profession, and household net income [28]. Sociodemographic and clinical characteristics
of the total sample, sex-specific subsamples, and across the weight range are depicted in
Table 1 and Supplementary Table S1, respectively.

Table 1. Sociodemographic and clinical variables for the total sample and sex-specific subsamples, including sex-specific
differences using t-tests for continuous and χ2-tests for categorical variables.

Variable
Total Sample

(n = 1290)
Women

(n = 630, 48.8%)
Men

(n = 660, 51.2%)
Sex-Specific Differences

M (SD) M (SD) M (SD) T df p

Age (years) 43.06 (12.48) 43.22 (12.21) 42.91 (12.74) −0.45 1288 0.654

BMI (kg/m2) 24.86 (3.48) 24.26 (3.65) 25.44 (3.20) 6.19 1288 <0.001

n (%) n (%) n (%) χ2 df p

Weight status 70.82 2, 1290 <0.001

Normal weight
(18.5 ≤ BMI < 25.0 kg/m2) 714 (55.3) 417 (66.2) 297 (45.0)

Overweight
(25.0 ≤ BMI < 30.0 kg/m2) 494 (38.3) 168 (26.7) 326 (49.4)

Obesity
(BMI ≥ 30.0 kg/m2) 82 (6.4) 45 (7.1) 37 (5.6)

Socioeconomic status (SES) 86.35 2, 1277 <0.001

Low 312 (24.2) 84 (13.3) 228 (34.5)

Middle 770 (59.7) 447 (71.0) 323 (49.0)

High 195 (15.1) 92 (14.6) 103 (15.6)

German Citizenship 9.89 1, 1290 <0.01

Yes 1226 (95.0) 611 (97.0) 615 (93.2)

No 64 (5.0) 19 (3.0) 45 (6.8)

M (SD) M (SD) M (SD) T df p

Workplace bullying (MOB-K) 4.76 (1.63) 4.76 (1.61) 4.76 (1.64) −0.07 1288 0.948

Burnout symptoms (BOSS-II) 0.50 (0.60) 0.54 (0.63) 0.44 (0.57) −2.93 1286 <0.01

Quality of life (EQ-5D) 24.08 (1.65) 23.92 (1.80) 24.24 (1.49) 3.50 1288 <0.001

Notes. BMI = body mass index (kg/m2); SES = socioeconomic status (Lange et al., 2007); MOB-K = Intensity of Bullying Coming from
Co-Workers scale sum score (4–16*, less favorable scores are asterisked; Pfaff, Bentz, & Brähler, 2007); BOSS II = Burnout Screening Scale II
mean score (0–5*; Hagemann & Geuenich, 2009); EQ-5D = EuroQoL 5 Item-index sum score (5*–25; Hinz, Kohlmann, Stöbel-Richter, Zenger,
& Brähler, 2014; Janssen et al., 2013). Statistical analyses used a two-tailed α < 0.05 significance level. *—less favorable scores are asterisked.

2.3. Data Analytics Plan

First, to rule out possible common method variance bias due to the self-report nature
of our data [29,30], we applied Harman’s single-factor test on all measures prior to data
analysis [31]. Based on an eight-factor solution explaining 65.5% of variance, with the first
factor accounting for 36.4%, the bias of common method variance in the present data was
assumed to be low [30]. Using univariate analyses of covariance (ANCOVA; IBM® SPSS
version 25.0; Chicago, IL, USA) on the MOB-K sum score by weight status, sex, and their
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interaction, weight- and sex-specific differences were identified, controlling for age and SES.
Although all dependent variables deviated from normal distribution, which is common in
large samples [32], ANCOVA was used because of its robustness against non-normality [33]
and the large sample being selected with a high degree of randomization. However, all
analyses were repeated using non-parametric methods, specifically the Kruskal–Wallis test,
and their results will be reported if deviating from parametric analyses. Post-hoc analyses
included unpaired t-tests, applying Bonferroni-corrected significance levels. Cohen’s d was
used as an effect size measure, representing small (≥0.2), medium (≥0.5), and large (≥0.8)
effects [34].

Second, using path analysis (IBM® SPSS AMOS® version 25.0; Chicago, IL, USA), we
tested the possible mediating effect of experiences of workplace bullying on the association
between weight status and psychological health impairments. As a first step, direct effects
of weight status on psychological health impairments (BOSS II and EQ-5D) were examined
for the total sample (Model 1), controlling for socioeconomic variables (sex, age, and SES).
Subsequently, the indirect effects of weight status on mental health variables, possibly
mediated by the experiences of workplace bullying (MOB-K sum score), were examined
(Model 2).

Third, possible sex-specific mediation effects (i.e., moderated mediation [35,36]) of
the experiences of workplace bullying on the associations between weight status and
psychological health impairments were examined using the SPSS PROCESS macro version
3.5 [36], which utilizes bootstrapping to assess direct and indirect effects of variables while
maximizing power and minimizing concerns about non-normality. Furthermore, 95%
confidence intervals were resampled 5000 times for each analysis to test the significance
of the indirect effects [37]. To additionally confirm and depict sex-specific differences
regarding the explanatory power of weight status and experiences of workplace bullying
for psychological health impairments, the final model from the path analysis (Model 2)
was applied to subsamples of women (Model 3) and men (Model 4) separately. For path
analyses, the following indices were determined for the evaluation of model fit: χ2 test
statistics; the minimum discrepancy, divided by its degrees of freedom (CMIN/DF); the
comparative-fit index (CFI); the Tucker–Lewis index (TLI); the normed-fit index (NFI); and
the root mean square error of approximation (RMSEA). Good model fit is indicated by non-
significant χ2 statistics; CMIN/DF < 2; CFI, TLI, and NFI > 0.97; and RMSEA < 0.08 [38].
Standardized regression weights were interpreted as indicative of small (≤0.30), medium
(between 0.30 and 0.50), or large (>0.50) effects [34]. All analyses used a two-tailed α < 0.05
as the significance level.

3. Results

3.1. Weight- and Sex-Specific Differences in Experiences of Workplace Bullying

Regarding experiences of workplace bullying, we found a significant main effect of
weight status, F (2, 1276) = 4.24, p = 0.02 (d = 0.16), but no significant main effect of sex, F
(1, 1276) = 1.80, p = 0.18 (d = 0.07), and no significant interaction effect of weight status x
sex, F (2, 1276) = 0.73, p = 0.48 (d = 0.07). Post-hoc analyses using a Bonferroni-corrected
significance level of 0.016 revealed that, compared with participants with normal weight,
levels of experiences of workplace bullying were significantly greater in participants
with obesity (p = 0.01, d = 0.34). The level of experiences of workplace bullying did not
significantly differ between participants with normal weight and those with overweight
(p = 0.04, d = 0.12) and between those with overweight and those with obesity (p = 0.15,
d = 0.17).

3.2. Associations of Weight Status and Experiences of Workplace Bullying with Psychological
Health Impairments

The results of the path analyses are presented in Figure 1 for all models. All models
showed good model fit, as depicted in Table 2. In Model 1, a significant direct effect of a
higher weight status on elevated burnout symptoms (β = 0.10) and a lower quality of life
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(β = −0.13) was found. In Model 2, a higher weight status was significantly associated
with more experiences of workplace bullying (β = 0.08), with the latter being associated
with higher burnout symptoms (β = 0.29) and with a lower quality of life (β = −0.22),
showing the indirect effect of weight status on psychological health impairments. In this
final model, a higher weight status was still associated with elevated burnout symptoms
(β = 0.07) and with a lower quality of life (β = −0.11), thus indicating partial mediation
effects of experiences of workplace bullying on the association between higher weight
status and elevated burnout symptoms and a lower quality of life.

Figure 1. Models 1 to 4: Direct and indirect effects of weight status and workplace bullying on psychological health
impairments while controlling for sociodemographic variables. Notes: Standardized regression weights are depicted. Only
significant associations are depicted. Different significance levels are depicted with black lines (p < 0.001) or gray lines
(p < 0.05). Burnout symptoms measured by Burnout Screening Scales II. Quality of life measured by Euro-Qol Quality of
Life Index. SES = socioeconomic status.

Table 2. Path analysis on the mediating effect of workplace bullying on associations between weight status and psychological
health impairments: model fit indices.

Model Fit Indices n χ2 df p CMIN/DF CFI RMSEA TLI NFI

1: Weight status only 1290 0.201 1 0.654 0.201 1.000 0.000 1.025 1.000
2: Final Model, total sample 1290 0.889 3 0.828 0.296 1.000 0.000 1.025 0.999
3: Final Model, women only 630 1.232 1 0.267 1.232 1.000 0.019 0.989 0.997

4: Final Model, men only 660 0.116 1 0.734 0.116 1.000 0.000 1.061 1.000

Notes. df = degrees of freedom; BMI = body mass index (kg/m2); CMIN/DF = minimum discrepancy, divided by degrees of freedom;
CFI = comparative-fit index; RMSEA = root mean square error of approximation; TLI = Tucker–Lewis index; NFI = normed fit index.

In sex-specific analyses, we found that weight status was positively associated with
experiences of workplace bullying for women (Model 3, β = 0.12), but not for men (Model 4,
β = 0.06), thus alone suggesting no mediational effect of experiences of workplace bullying
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in men. In women, but not in men, a higher weight status was associated with elevated
burnout symptoms (β = 0.08) and with a lower quality of life (β = −0.13). Utilizing the
PROCESS macro [37], we affirmatively found the mediational effect of experiences of
workplace bullying to be moderated by sex. Specifically, while we found direct effects of
weight status on burnout symptoms (β = 0.09) and quality of life (β = −0.36) for women
and men, indirect effects (i.e., mediated by experiences of workplace bullying) were only
evident for women, but not for men, regarding both burnout symptoms (β = 0.03) and
quality of life (β = 0.07). Thus, specifically for women, experiences of workplace bullying
partially mediated the association between a higher weight status and elevated burnout
symptoms and a lower quality of life.

4. Discussion

Derived from a large population-based sample, the present study showed that, in
line with our hypotheses and previous research [10], individuals with obesity encounter
more frequent experiences of workplace bullying than individuals with normal weight.
Experiences of workplace bullying were significantly associated with psychological health
impairments and emerged as a partial mediator on the associations between higher body
weight and elevated burnout symptoms and a lower quality of life, with this effect being
particularly evident in women, but not in men. Based on data from real-life employment set-
tings in Germany, the present results extend previous experimental research on sex-specific
weight-related discrimination at the workplace, which mainly focused on recruitment and
income [7,8,10–13] by experiences of workplace bullying.

In line with our hypotheses and previous research [16–19,39], more experiences of
workplace bullying were associated with elevated burnout symptoms and lower quality
of life. These associations were substantially stronger than associations between a higher
weight status and a greater risk for psychological health impairments. Experiences of
workplace bullying partially mediated the association between a higher weight status
and elevated burnout symptoms in the total sample, in line with the mediation effect
found by Sliter et al. [10] of workplace bullying on the association between weight status
and job withdrawal. Further, experiences of workplace bullying partially mediated the
association between a higher weight status and a lower quality of life, altogether indicating
that a higher weight status alone is linked to psychological health impairments, while
additionally experiencing workplace bullying is associated with a further increased health
risk. However, because the associations between weight status and psychological health
impairments were only reduced to a small extent (Δβ’s ranging from 0.02 to 0.03) after
including experiences of workplace bullying, the mediation effects may not be necessarily
clinically relevant. Importantly, owing to design, the present results depict cross-sectional
associations, leaving unclear the causal mechanisms between weight status, experiences
of workplace bullying, burnout symptoms, and quality of life. Thus, all mediation effects
must be interpreted considering this important limitation.

Differences in experiences of workplace bullying between women and men across the
weight range were shown within sex-specific subsamples in the path analyses, in which
a higher weight status was significantly associated with more frequent experiences of
workplace bullying in women (Model 3), but not in men (Model 4), replicating findings
by Sliter et al. [10] within a larger and representative sample from the general population.
However, we found no weight status-by-sex interaction effect on the level of experiences
of workplace bullying in the univariate statistics, as previously revealed by Sliter et al. [9].
In the present study, only descriptively, experiences of workplace bullying tended to be
increased in women with obesity compared with men with obesity (p = 0.28, d = 0.24). In
contrast to Sliter et al. [10], who showed that men with underweight were more likely to
experience workplace bullying than women with underweight, in the present study, we
excluded participants with underweight owing to the small sample size (n = 25, 1.9%),
which may explain the lack of the interaction effect in the present study.
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In the present study, derived from both the path analyses and the SPSS PROCESS
macro [37], partial mediation effects found in the total sample were evident for women,
but not for men, indicating sex-specific differences regarding the adverse psychological
health correlates of workplace bullying. In women, but not in men, a higher weight status
had direct and indirect effects on elevated burnout symptoms and a lower quality of life,
with these associations being partially mediated by experiences of workplace bullying.
Thus, while women with obesity were at risk for elevated burnout symptoms and a lower
quality of life, those who additionally experienced workplace bullying showed an even
increased health risk. Considering the deleterious impact of burnout symptoms on a
range of adverse medical conditions (e.g., type 2 diabetes and coronary heart disease),
mental health (e.g., insomnia and depressive symptoms), and occupational outcomes
(e.g., low job satisfaction and absenteeism) [40], and given that future longitudinal studies
could replicate the present findings, employers and policy makers might further address
workplace bullying, potentially preventing medical and psychological health impairments
for workers and associated productivity losses for organizations [20,41].

Strengths of the present study comprise the use of established measures to depict
work-related psychological health impairments within a large sample from the general
population, which was representative for the German population both in terms of sex
ratio and SES [42,43], and included participants from real-life employment settings, as
previously recommended [7]. However, the sample was not generally representative for
the prevalence of obesity, as obesity was underrepresented in the present sample (6.4%) as
compared with the German general population (23.6% [44]), which might be explained by
participants’ impression management, specifically by an underreporting of body weight,
which was previously found in individuals with BMI ≥ 20 kg/m2, and an overreporting
in those with BMI < 20 kg/m2 [45]. As this bias in self-reported BMI is of high concern
for large epidemiological studies within obesity-related research, studies investigating
novel methods of large-scale measurement of weight and height are urgently needed
(e.g., corrective equations or BMI self-selection [46,47]). A major limitation of the present
study is that all analyses used cross-sectional data, leaving unclear the causal mechanisms
between body weight, experiences of workplace bullying, and work-related psychological
health impairments. Ideally, studies from non-Western countries might replicate our
procedures to allow generalization of the results. Finally, as no specific information on
participants’ occupation was provided, it was not possible to systematically examine the
effects considering other possibly relevant work-related variables, such as the number of
colleagues or type of work sector.

Most importantly, future research should explore the prospective associations between
body weight, experiences of workplace bullying, and psychological health impairments
to elucidate their causal relationships. The present result that individuals with obesity,
compared with those with normal weight, encounter more frequent experiences of work-
place bullying, with the latter being more strongly linked to work-related psychological
health impairments than the weight status, suggests continued efforts by researchers
and employers to address and eventually reduce experiences of workplace bullying (e.g.,
by incorporating information on bullying into existing education platforms within the
workplace [48,49]). As our study did not focus on discrimination owing to ethnicity or
race, future studies should take discriminated features other than weight and sex (e.g.,
low SES and mental disorders [50,51]) into account when exploring the adverse effects
of stigmatization. Our results suggest that, especially in women with obesity, who are at
particular risk of experiencing weight-related discrimination in various life domains [52],
different discriminated features (i.e., weight status and sex) may add up to multiple layers
of stigmatization. Thus, especially in women with obesity, reducing experiences of work-
place bullying will likely yield a decreased psychological burden of employees, and might
strengthen their health status and lower their odds of adverse occupational outcomes (e.g.,
job withdrawal or absenteeism).
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Abstract: Although it has been postulated that eating disorders (EDs) and obesity form part of a
broad spectrum of eating- and weight-related disorders, this has not yet been tested empirically. In the
present study, we investigated interindividual differences in sensitivity to punishment, sensitivity to
reward, and effortful control along the ED/obesity spectrum in women. We used data on 286 patients
with eating disorders (44.6% AN-R, 24.12% AN-BP, and 31.82% BN), 126 healthy controls, and
640 Class II/III obese bariatric patients (32.81% Class II and 67.19% Class III) with and without
binge eating. Participants completed the behavioral inhibition and behavioral activation scales,
as well as the effortful control scale, to assess sensitivity to punishment and reward and effortful
control. Results showed that patients with EDs scored significantly higher on punishment sensitivity
(anxiety) compared to healthy controls and Class II/III obese patients; the different groups did not
differ significantly on reward sensitivity. Patients with binge eating or compensatory behaviors
scored significantly lower on effortful control than patients without binge eating. Differences in
temperamental profiles along the ED/obesity spectrum appear continuous and gradual rather than
categorical. This implies that it may be meaningful to include emotion regulation and impulse
regulation training in the treatment of both EDs and obesity.

Keywords: sensitivity to reward; sensitivity to punishment; effortful control; eating disorders;
obesity; bariatric surgery

1. Introduction

Several authors postulate that eating disorders (EDs) and obesity form part of a broad
spectrum of eating- and weight-related disorders [1]. Concerning weight status, anorexia
nervosa of the restrictive type (AN-R) and the binge eating/purging type (AN-BP) are
characterized by being underweight (BMI < 18.5 kg/m2), and bulimia nervosa (BN) by
normal weight (BMI 18.5–24.9 kg/m2). Within obesity (BMI ≥ 30 kg/m2), researchers
differentiate between Class I (BMI 30–34.9 kg/m2), Class II (BMI 35–39.9 kg/m2), and Class
III obesity (BMI ≥ 40 kg/m2) [2]. With respect to eating-related behaviors, patients with AN-
R mainly engage in severe food restriction, whereas patients with AN-BP also report binge
eating and purging behaviors (e.g., vomiting, laxative abuse, etc.) besides food restriction.
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Patients with BN and binge eating disorder (BED) are characterized by regular episodes
of binge eating with and without compensatory behaviors, respectively [3]. The causes of
obesity are diverse, including genetic, environmental, and behavioral aspects of excessive
energy intake, partitioning, and expenditure [4]. Obese patients with a comorbid eating
disorder (mainly BED, which is reported in 30% of obese patients) report more eating and
weight-related pathology, as well as more general and personality psychopathology [1,5,6],
compared to obese patients without BED.

The question remains open as to why patients with AN are able to highly restrict their
food intake and become emaciated, whereas other patients binge and overconsume with
and without purging behaviors [7,8]. Part of the explanation might be found in interindi-
vidual differences in reactive (bottom-up) and regulative (top-down) temperament [7,8].
According to dual-process models, ED behaviors result from the interplay of bottom-up pro-
cesses (e.g., sensitivity to punishment and sensitivity to reward) and top-down processes
(e.g., effortful control) [9]. One of the most applied models of reactive temperament that can
be used to explain individual variations in food intake is reinforcement sensitivity theory
(RST) [7,10,11], which encompasses two primary motivational systems: the behavioral
inhibition system (BIS) and the behavioral activation system (BAS). The BIS is sensitive to
stimuli that signal conditioned punishment and the omission/termination of reward and
is involved in behavioral inhibition [12]. The BIS is related to personality traits, such as the
Big Five neuroticism dimension and Cloninger’s harm avoidance dimension [13,14]. The
BAS is sensitive to stimuli that signal unconditioned reward and relief from punishment
and is involved in approach behavior [12]. The BAS is related to personality traits, such
as extraversion and novelty seeking [13,14]. Over the years, the RST has included a third
system: the fight–flight system [15]. In 2000, Gray and McNaughton [16] presented a
revised version of the RST in which the BAS is responsive to (un)conditioned stimuli
of reward and the fight–flight–freeze system is responsive to (un)conditioned stimuli of
punishment, while the BIS resolves goal conflicts (e.g., approach-avoidance conflicts).

Besides reactive temperament (bottom-up, automatic), regulative (top-down, con-
trolled) temperament or executive control [17] can also play an important role in the
regulation of food intake and weight. Self-regulation is often used interchangeably with
terms such as effortful control [18] and self-regulation [19]. Effortful control is also related
to particular personality traits, such as the Big Five conscientiousness dimension and
Cloninger’s self-directedness dimension [17]. It is assumed that effortful control can di-
rectly influence ED behaviors or moderate the association between reactive temperamental
traits and ED psychopathology, in the sense that a high level of effortful control might help
individuals control their reactive temperament and decrease their risk of developing ED
psychopathology [20].

Up until now, most studies have investigated BISBAS reactivity and effortful control
in patients with EDs or obesity with and without BED (often compared to healthy controls)
separately; but none of these studies included patients situated over the whole spectrum of
ED/Obesity within a single study. In what follows, we present an overview of the literature
on the sensitivity of reward/punishment and effortful control in patients with EDs and
obesity.

1.1. Punishment Sensitivity

The most applied measures to assess sensitivity to punishment (BIS) and reward
(BAS) are the BISBAS scales [21] and the sensitivity to punishment and sensitivity to
reward questionnaire (SPSRQ) [22], both based on the original RST theory. The BISBAS
scales focus on the general disposition towards reward (e.g., “When I’m doing well, I
love to keep at it.”) and punishment, whereas the SPSRQ items often include specific
situational triggers related to punishment and reward (e.g., “Do you often meet people
that you find physically attractive?”). Patients with EDs (AN-R, AN-BP, or BN) typically
report significantly higher scores on punishment sensitivity (BIS/SP) compared to healthy
controls [8,23–29]. When comparing different ED subtypes, most studies did not find
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significant differences among AN-R, AN-BP, or BN patients [8,25,29,30]. Two studies [23,27]
showed that AN-R patients scored significantly higher on sensitivity to punishment than
AN-BP or ED-PB (AN-BP + BN) patients, whereas other studies found the opposite [24] or
no significant differences [31].

Studies comparing patients with obesity to healthy controls on punishment sensitiv-
ity are rather scarce. Class I obese patients without BED scored significantly lower on
punishment sensitivity compared to healthy controls [32], whereas Class I obese patients
with BED did not significantly differ from healthy controls [33]. Class II obese patients
with and without BED scored significantly higher on punishment sensitivity than healthy
controls [32,34]. No study has compared patients with Class III obesity with and without
BED to healthy controls with respect to punishment sensitivity. When comparing obese
patients (Class II, III) with and without BED on punishment sensitivity, patients with and
without BED did not differ from each other [6,34]; no studies were performed in Class I
obese patients with and without BED.

Higher punishment sensitivity in patients with EDs, as compared to healthy controls,
seems to be linked to their symptomatology. Patients with AN-R relate their self-worth to
their weight [35] and are afraid of gaining weight; their strict dieting can be considered as
a way to avoid anxiety for weight gain [7,8]. Several studies have demonstrated a positive
association between sensitivity to punishment and restrained eating in both adolescents
and young adults [20,36]. Patients with binge eating (AN-BP, BN) and obesity, on the
contrary, often use food to comfort or soothe themselves and to escape from negative
feelings [37]. Davis [38], for example, showed a positive association between sensitivity to
punishment and the symptoms of binge eating. The compensatory behaviors of patients
with AN-BP/BN can again be considered as a way to avoid weight gain [7,8].

1.2. Reward Sensitivity

When comparing ED patients to healthy controls on reward sensitivity, we need
to differentiate between the studies that use the SPSRQ and those that use the BISBAS
scales to assess reward sensitivity. As mentioned before, the SPSRQ assesses specific
types of rewarding situations (i.e., physical attractiveness, or social approval), whereas
the BISBAS scales assess more general reward sensitivity [24]. Studies using the BAS
scale to assess reward sensitivity [8,23] have shown that AN-R patients score significantly
lower on reward sensitivity compared to healthy controls, whereas AN-BP and BN do
not differ significantly from healthy controls. When studies combine AN-R and AN-BP
in one group, the difference between them and the healthy controls disappears. Studies
using the SR scale show that AN-R, AN-BP, and BN patients score significantly higher on
reward sensitivity compared to healthy controls [8,24,26]. However, Glashouwer et al. [24]
showed that the differences between EDs and healthy controls disappeared when items
that assessed appearance/social reward were removed from the SR scale. When comparing
different subtypes of EDs on the BAS scale, most studies did not find significant differences
between AN-R and AN-BP [26,27,31] or AN-R, AN-BP, and BN [23,29]. Studies that found
significant differences between ED subtypes showed that binge eating/purging patients
(AN-BP, BN) scored significantly higher on BAS fun seeking compared to restrictive AN
patients [8,23,30]. Comparing ED subtypes utilizing the SR scale showed that patients with
AN-R and AN-BP did not differ significantly from each other on the SR scale, whereas BN
patients scored significantly higher compared to AN-R patients.

When comparing patients with obesity to healthy controls on reward sensitivity,
patients with Class I obesity without BED did not differ from healthy controls on reward
sensitivity [32], whereas patients with Class I obesity with BED scored significantly higher
on sensitivity to reward when compared to healthy controls [33]. Patients with Class II
obesity with and without BED also scored significantly higher on reward sensitivity (both
BAS/SR scales) as compared to healthy controls [34]. No study compared patients with
Class III obesity with and without BED to healthy controls on sensitivity to reward.
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When comparing obese patients, obese patients (Class II/III) with and without BED
did not differ significantly from each other on reward sensitivity [6,34]; no studies were
performed in Class I obese patients. The higher reward sensitivity in moderate/extreme
obese patients makes them possibly more vulnerable to rewarding (fatty/sugary) food
in our obesogenic society, which may partially explain the overconsumption of food and
their subsequently becoming overweight [7,39]. Several studies have shown positive
associations between sensitivity to reward and emotional overeating, preference for high
fat food, binge eating, and food cravings [39].

1.3. Effortful Control

Effortful control and its subdimensions (inhibitory, activation, and attentional con-
trol) can be measured using the effortful control scale (ECS) from the adult temperament
questionnaire short form (ATQ-SF) [40,41]. The perception of low control and the desire for
higher control in AN patients (and in particular, patients with AN-R) are psychological
variables that were frequently considered in the papers of the original ED theorists, in-
cluding Bruch [42], Crisp [43], Garfinkel and Garner [44], and Selvini Palazzoli [45]. In the
1980s, Eric Button [46], described AN as a quest for control. Indeed, studies comparing ED
subtypes utilizing the ECS show that AN-R patients score significantly higher on effortful
control than AN-BP/BN patients, particularly on the subscales for inhibitory and activation
control [23,31]. Studies comparing obesity subtypes utilizing Cloninger’s self-directedness
or Rothbart’s effortful control scales do not show differences among Class I, II, and III
obesity categories with respect to self-directedness; however, obese patients with BED
score significantly lower on self-directedness/effortful control, compared to obese patients
without BED [6,47]. Thus, it seems that a lack of effortful control may make ED/obese
patients vulnerable to binge eating (and purging).

1.4. The Present Study

The aim of the present study is to investigate temperamental differences on BIS/BAS
and effortful control along the ED/obesity spectrum. We collected data from female AN-R,
AN-BP, and BN patients, healthy controls, and Class II and Class III obese bariatric patients
with and without binge eating within the age range 18–65. Thus, we add to the existing
literature by comparing ED, healthy controls, and obesity patients in one study on both
executive/top-down and reactivity measures of temperament.

With respect to punishment sensitivity (BIS), we expect that ED and obese patients will
score significantly higher compared to healthy controls. Within the ED/obesity subtypes,
we do not expect significant differences on punishment sensitivity [48,49].

With respect to reward sensitivity (BAS), we expect no significant differences between
ED and healthy controls, with the exception of a potentially lower reward reactivity in AN-
R patients compared to healthy controls [48,49]. However, we do expect higher levels of
reward sensitivity in obese patients compared to healthy controls. Within obesity subtypes
with and without BED, we again do not anticipate differences in BAS reactivity [6,47].

Finally, concerning top-down control, we expect that patients with ED/obesity will
score significantly lower than healthy controls [6,23,31,47], whereas patients with binge
eating and/or purging (AN-BP, BN, obesity Class II/III with binge eating), are hypothesized
to score lower on effortful control compared to patients without binge eating and/or
purging (AN-R, obesity Class II/III without binge eating) [6,23,31].

2. Materials and Methods

2.1. Participants & Procedure

Female patients with EDs, healthy controls, and individuals with obesity (from ages
18 to 65) were sampled out of three different data collections.

The sample of ED inpatients consisted of 286 patients, of whom 126 (44.06%) were
diagnosed as AN-R, 69 (24.12%) as AN-BP, and 91 (31.82%) as BN through a clinical
interview, and cross-validated by the eating disorder evaluation scale (EDES) [50]. The
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mean age and BMI of all ED subtypes are displayed in Table 1. The three ED subtypes did
not differ significantly in age and were significantly younger than healthy controls and
patients with obesity. Concerning BMI, AN patients (AN-R/AN-BP) had a significantly
lower BMI than BN patients and healthy controls (normal weight) and Class II/III obese
patients (severe overweight). All data were collected at the admission of these patients
at a specialized inpatient treatment unit for EDs in Flanders, the Dutch-speaking part of
Belgium.

The sample of female patients with Class II/III obesity was collected during an intake
for a bariatric surgery trajectory at a general hospital in the Dutch-speaking part of Belgium.
The presence or absence of binge eating was determined by two items (overeating + loss
of control) of the Dutch version of the eating disorder examination questionnaire (EDEQ;
see Section 2.2. Instruments). About 210 patients were diagnosed with Class II obesity,
of whom 72 (34.29%) engaged in binge eating, and 430 patients with Class III obesity, of
whom 141 (32.79%) engaged in binge eating. These comorbidity rates of binge eating are
in line with prior research [6]. The mean age and BMI of the individuals with Class II/III
obesity with and without binge eating are displayed in Table 1. All patients with obesity
were significantly older than patients with ED, and were similar in age to healthy controls
(except patients of Class II obesity without BED, who were significantly older). Within
the obesity subtypes (Class II and Class III), patients with binge eating were significantly
younger than those without binge eating. Concerning BMI, obese patients had significantly
higher BMIs compared to patients with AN (underweight), and BN and healthy controls
(normal weight). Obesity Class III patients also had a significantly higher BMI than patients
with Class II obesity.

Finally, the 126 healthy controls were collected from the Flemish-speaking general
population of Belgium, taking into account the distribution of the Flemish population’s
age, gender, and education. The mean age and BMI of the healthy controls are shown in
Table 1. Healthy controls were significantly older than patients with an ED, and similar
in age to patients with obesity (except patients of Class II obesity without binge eating,
who were older). Concerning BMI, healthy controls had a normal BMI, as did BN patients.
However, their BMI was higher than patients with AN, and lower than patients with Class
II/III obesity.

All patients and healthy controls gave their informed consent to use their data anony-
mously for research purposes. The three data collections from which the data were pooled
were approved by the ethical committee of the Faculty of Psychology and Educational
Sciences (healthy controls) and/or the medical ethical committee of the medical institute
in which the patients (with Eds and/or obesity) were treated. Given that the groups did
significantly differ regarding age, this variable was included as a confounding variable in
all analyses. Although groups also differed with respect to BMI, we did not include BMI as
control variable, given that it is an essential characteristic of the diagnostic groups.
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2.2. Instruments

To determine the BMI of the participants, we calculated their weight in kilograms and
divided this by their height in m2. To determine the presence or absence of “binge eating”
(not BED), we asked two questions from the EDEQ [51]: “Over the past 28 days, how many
times have you eaten what other people would regards as an unusually large amount
of food (given the circumstances)?”; and “On how many of these times did you have a
sense of having lost control over your eating (at the time you were eating)?”. Patients who
reported eating unusually large amounts of food while losing control over their eating
were considered to engage in binge eating.

Sensitivity to reward and punishment was measured utilizing the behavioral inhibi-
tion/behavioral activation system (BISBAS) scales [21]. The BISBAS scales consist of 20
4-point Likert scale items, ranging from 1 “I strongly agree” to 4 “I strongly disagree”. The
BIS scale assesses worry concerning potential punishment in the future (n = 7, α = 0.80 in
the present study, e.g., “I worry about making mistakes.”), and the BAS scale assesses sen-
sitivity to reward (n = 13, α = 0.81). The BAS scale (disinhibition) exists of three subscales,
measuring BAS drive (n = 4, α = 0.74, e.g., “When I want something, I usually go all-out to
get it”), BAS fun seeking (n = 5, α = 0.52, e.g., “I often act on the spur of the moment”), and
BAS reward responsiveness (n = 5, α = 0.61, e.g., “When I’m doing well at something, I
love to keep at it”).

Effortful/executive control was measured using the effortful control scale (ECS) from
the adult temperament questionnaire short form (ATQ-SF) [40,41]. The ECS exists of 19 7-
point Likert scale items, ranging from 1 “not at all applicable” to 7 “completely applicable”
(α = 0.80 in the present study). The ECS has three subscales: attention control is the capacity
to focus and shift attention when necessary (n = 5, α = 0.73, e.g., “It is very hard for me
to focus my attention when I am distressed.”(reversed)); inhibitory control is the capacity
to suppress inappropriate approach behavior (n = 7, α = 0.54, e.g., “I can easily resist
talking out of turn, even when I’m excited and want to express an idea.”); and finally,
activation control refers to the capacity to act when there is a strong tendency to avoid it
(n = 7, α = 0.68, e.g., “If I think of something that needs to be done, I usually get right to
work on it.”).

2.3. Analyses

Descriptive statistics are reported as means with associated errors. To compare the
different ED/HC/obesity groups on the basis of their sensitivity to punishment, sensitivity
to reward, and effortful control, we performed ANCOVAs with the group as the indepen-
dent variable, temperamental dimensions as dependent variables, and age as a covariate.
When the ANCOVAs showed significant results, simple contrasts were used to evaluate
subgroup differences.

3. Results

The means (standard errors) of the different temperament measures for each ED/HC/
obesity group are displayed in Table 1.

3.1. Punishment Sensitivity

With respect to punishment sensitivity (Figure 1), all ED groups scored significantly
higher on punishment sensitivity (BIS) compared to healthy controls and patients with
obesity. Patients with AN (AN-R+AN-BP) scored significantly higher on punishment
sensitivity than patients with BN. Obesity groups did not differ significantly from healthy
controls (except Class II obesity—BE) on punishment sensitivity, and scored significantly
lower on punishment sensitivity than ED groups. Within the obesity groups, Class III
obesity patients with binge eating reported significantly higher punishment sensitivity
levels than the other obesity groups.
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Figure 1. Means (standard errors) of the behavioral inhibition scale scores for eating disorders,
healthy controls, and obesity groups, controlled for age.

3.2. Reward Sensitivity

With respect to the BAS total score and the fun seeking and reward responsiveness
subscales, the ED, healthy controls, and obesity groups did not differ significantly from
each other. However, on the BAS drive subscale (Figure 2), patients with Class III obesity
with and without binge eating scored significantly higher on drive compared to patients
with AN-BP, BN, and healthy controls. Patients with Class III obesity and binge eating
also scored higher on the BAS drive subscale than patients with AN-R. There were no
significant differences between patients with Class II and Class III obesity.

Figure 2. Means (standard errors) of the behavioral activation scale—drive scores for eating disorders,
healthy controls, and obesity groups, controlled for age.

3.3. Effortful Control

ED and obese groups with binge eating (AN-BP, BN, Class II obesity + BE, Class III
obesity + BE) scored significantly lower on effortful control (total score and inhibitory
control) compared to healthy controls, whereas ED and obese groups without binge eating
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(AN-R, Class II obesity—BE, Class III obesity—BE) did not significantly differ from healthy
controls (Figures 3 and 4). Within the ED groups, patients with AN-BP/BN scored signif-
icantly lower on effortful control (total, inhibitory, and activation) compared to patients
with AN-R (Figures 3–5), whereas in the obesity groups, obese patients with binge eating
scored significantly lower on all measures of effortful control compared to obese patients
without binge eating. Obese patients without binge eating scored similarly to healthy
controls on activation and attentional control (Figures 5 and 6).

Figure 3. Means (standard errors) of the effortful control scale—total control scores for eating
disorders, healthy controls, and obesity groups, controlled for age.

Figure 4. Means (standard errors) of the effortful control scale—inhibitory control scores for eating
disorders, healthy controls, and obesity groups, controlled for age.
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Figure 5. Means (standard errors) of the effortful control scale—activation control scores for eating
disorders, healthy controls, and obesity groups, controlled for age.

Figure 6. Means (standard errors) of the effortful control scale—attentional control scores for eating
disorders, healthy controls, and obesity groups, controlled for age.

4. Discussion

The present study investigated sensitivity to punishment, sensitivity to reward, and
effortful control along the ED/obesity spectrum in women. Based on the findings, we
can conclude that ED groups are significantly more sensitive to punishment than healthy
controls and obese groups. Concerning reward sensitivity, patients with morbid Class III
obesity scored significantly higher on BAS drive compared to ED groups (except AN-R)
and healthy controls. Finally, all ED/obese groups with binge eating reported significantly
lower levels of effortful control (particularly inhibitory control) compared to healthy
controls and patients without binge eating.
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4.1. Sensitivity to Punishment

The different ED/obese groups’ temperamental profiles can help us understand their
disturbed eating patterns. The fact that all ED patients are more sensitive to punishment
confirms previous studies’ findings [25] and can explain the high comorbidity between
EDs and anxiety disorders [52]. The high scores on punishment sensitivity can also explain
why people with an ED are afraid of weight gain and can resist the temptation to food (as a
way to avoid this weight gain) [7,53].

4.2. Effortful Control

Variability in effortful control can also help explain differences between restrictive
and binge eating/purging ED subtypes. While restrictive ED patients show similar levels
of effortful control as healthy controls (except for attentional control), patients with binge
eating/purging behaviors (AN-BP, BN) score significantly lower on effortful control. The
lack of effortful control can explain why these patients lose control over their eating
behaviors and eat comfort (sugary/fatty) food to deal with their negative effects [37], and
then engage in compensatory purging behaviors to avoid weight gain [7,53]. Within this
subgroup of obese patients, the lack of effortful control is clearly related to the presence of
binge eating behaviors as well. Several studies have shown that obese patients with binge
eating tend to have more comorbidity with impulsive psychopathology [54,55] than obese
patients without binge eating. Other studies investigating subtypes of obese patients have
also found support for the notion of a more resilient subgroup of obese patients and an
emotional/behavioral dysregulated group, characterized by low levels of effortful control,
psychological complaints, and avoidant and depressive coping patterns [23].

4.3. Reward Sensitivity

Finally, concerning reward sensitivity, we did not find significant differences between
the ED, obese, and healthy control groups for BAS reactivity. While we did anticipate
a potential difference between AN-R and healthy controls, and between obese patients
and healthy controls, some studies also did not find differences when using the BISBAS
scales [1,49]. In the present study, only patients with Class II obesity without binge eating
and Class III obesity with and without binge eating scored significantly higher on BAS
drive than ED and healthy controls. This finding possibly refers to the high drive of obese
patients to attain their goal, i.e., the bariatric surgery.

4.4. Clinical Implications

The present study has several clinical implications. Given the high levels of punish-
ment sensitivity, it is essential that the treatment of patients with ED focuses on acquiring
emotion regulation skills to help patients cope with emotional distress [37]. This is not
surprising, given that EDs are often considered anxiety disorders. Evidence-based treat-
ments of EDs, such as CBT-E and DBT-E [56–59], often include strategies to deal with
emotions and to replace maladaptive ED behaviors with more adaptive emotion regu-
lation strategies [37]. Furthermore, for binge eating and/or purging patients, the lack
of effortful control certainly needs attention. First of all, it is important that patients fo-
cus on the aims of the treatment (which can be complicated by difficulties in attentional
control) and learn to steer their behaviors (which can be complicated by difficulties in
inhibitory/activation control). Furthermore, we know from prior research that a lack of
effortful control/self-directedness can increase drop-out rates and worsen outcomes in
patients with ED and obesity [60]. Therefore, impulse regulation strategies are included
in evidence treatments for ED and obesity (e.g., CBT) [61]. Dalle Grave et al. [60], for
example, conclude that CBT techniques to increase self-control, such as “setting short-term
and achievable goals, developing adaptive coping behaviors through problem-solving in
order to achieve these goals, and developing the confidence that they possess the resources
required to achieve these goals (via progressive increases in self-efficacy through mastery
experiences)”, could decrease drop-out rates and improve therapy outcomes for patients
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with obesity [60], (p. 35). Adapting the evidence-based treatments to the temperamental
profile of our patients will probably also decrease drop-out rates and further improve our
treatments [62,63].

4.5. Limitations and Suggestions for Future Research

Besides the strengths of our study, several limitations need to be discussed and
addressed for future studies. First of all, our sample solely consists of female patients with
ED/obesity, and healthy controls. Furthermore, we lack a group of outpatients with an ED,
‘overweight’ people, a group with Class I obesity ± BE, and a group of Class II/III obese
patients ± BE who did not apply for bariatric surgery. Therefore, future studies certainly
need to include male ED in/outpatients, HC, and overweight people, as well as Class I
obese and Class II/III obese ± BE who do and do not seek bariatric surgery. Secondly,
binge eating was assessed through two items of the EDE-Q. In future studies, it would
be better to use the diagnostic criteria of the DSM-5 binge eating disorder to assess the
presence or absence of a BED. Thirdly, all temperament dimensions are assessed by means
of self-report questionnaires, which can lead to problems of social desirability, while a few
subscales also have rather small internal consistency coefficients (e.g., the BAS fun seeking
scale). Therefore, future studies could include interviews or performance-based measures
to assess sensitivity to punishment/reward and effortful control [17]. Notwithstanding
these limitations, this study is one of few studies which addressed reward and punishment
sensitivity and (lack of) effortful control along the weight/eating disordered spectrum in
women. Hence, the main finding of our study is that temperamental differences on these
dimensions are continuous and gradual, which implies that clinicians should incorporate
emotion regulation and impulse regulation training transdiagnostically when working
with patients suffering from ED and obesity.
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Abstract: (1) Background: Obesity (OB) is a frequent co-morbidity in Binge Eating Disorder (BED),
suggesting that both conditions share phenotypical features along a spectrum of eating-related behaviors.
However, the evidence is inconsistent. This study aimed to comprehensively compare OB-BED patients
against OB individuals without BED and healthy, normal-weight controls in general psychopatho-
logical features, eating-related phenotypes, and early life experiences. (2) Methods: OB-BED patients
(n = 37), OB individuals (n = 50), and controls (n = 44) completed a battery of standardized questionnaires.
Responses were analyzed using univariate comparisons and dimensionality reduction techniques (linear
discriminant analysis, LDA). (3) Results: OB-BED patients showed the highest scores across assessments
(e.g., depression, emotional and stress eating, food cravings, food addiction). OB-BED patients did
not differ from OB individuals in terms of childhood traumatization or attachment styles. The LDA
revealed a two-dimensional solution that distinguished controls from OB and OB-BED in terms of
increasing problematic eating behaviors and attitudes, depression, and childhood adversities, as well
as OB-BED from OB groups in terms of emotional eating tendencies and self-regulation impairments.
(4) Conclusions: Findings support the idea of a shared spectrum of eating-related disorders but also
highlight important distinctions relevant to identifying and treating BED in obese patients.

Keywords: binge eating disorder; obesity; food addiction; impulsivity; emotional eating; childhood
trauma questionnaire; psychotherapy

1. Introduction

Binge Eating Disorder (BED) is the most common eating disorder (ED) in western
countries, with lifetime prevalence averaging 1.57% [1]. In recognition of this growing
prevalence, BED was included in the 5th edition of the Diagnostic and Statistical Manual
of Mental Disorders (DSM-5) [2]. According to DSM-5 criteria, BED patients suffer from
reoccurring binge eating episodes of ingesting large amounts of food in a short period
of time, with associated loss of control over their food intake. Negative feelings such as
shame or guilt accompany these episodes. The severity of the disorder depends on the
frequency of binge eating episodes per week, with thresholds demarcating mild, moderate,
severe, and extreme BED.

Obesity is a frequent co-morbidity in BED due to the high volume of food intake
and lack of compensatory behaviors in BED patients [3]. In the German general popu-
lation, 25.9% of men and 24.4% of women are considered obese by a body mass index
(BMI) > 30 kg/m2 [4]. Among individuals with BED symptoms, however, 41.7% are obese,
compared with only 15.8% of individuals with no history of an ED [5]. Comorbid obesity in
BED patients is a major cause for concern, as obesity is associated with a wide range of phys-
ical afflictions, including cardiovascular diseases, type II diabetes, and several cancers [6],
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as well as with increased psychological burden, such as depression, low self-esteem, body
image disturbances, perceived stress, and lowered quality of life [7].

The frequent co-morbidity of BED and obesity may suggest that both conditions
are part of a broad spectrum of eating-related behaviors, implying that patients could
transition from one condition to another [8]. This idea is consistent with recent studies
linking obesity with comorbid BED and obesity without BED to shared phenotypical,
in part clinical, features. For example, early life adversities such as trauma have been
associated with the development of both BED and obesity [9,10], possibly due to lasting
impairments in coping mechanisms and metabolic alterations due to stress [11,12]. In
a similar vein, insecure attachment styles that develop in early childhood have been
associated with emotional eating, eating unhealthy food, and binge eating [13], which
studies link to the pathogenesis of BED and obesity [14,15]. Neurobiological studies also
show that dopaminergic and glutamatergic pathways play a crucial role in developing and
maintaining both conditions [16], further corroborating the idea of a shared continuum
between obesity with comorbid BED and obesity without BED.

Patients with BED and comorbid obesity also differ from obese individuals without
BED regarding a variety of phenotypical features. Patients with BED and obesity display
higher levels of impulsivity than obese individuals without BED, in general, and especially
toward food cues [17,18]. Neurobiological studies have shown that BED patients with
obesity show lower activity levels in brain areas responsible for control and self-regulatory
processes than obese individuals without BED [17]. Patients with BED have lower response
inhibition abilities when presented with food cues in a go-no-go task, a finding associated
with decreased activation of the prefrontal control network, which is active during success-
ful no-go (withhold) trials in non-BED obese individuals [19]. Evidence also suggests a
more compromised hormonal regulation of hunger and satiety in BED compared to obesity,
for example, as mirrored in findings of blunted postprandial ghrelin suppression in BED
compared with obesity [20]. In addition, Schulz and Laessle [21] found that depression
weakens self-regulation in obese BED patients but not in obese individuals without BED,
suggesting a possible link between depression and binge eating behavior. Finally, a recent
study from our group showned that negative mood was associated with decreased food
avoidance in obese BED patients only, but not in obese individuals without BED [22].

The evidence is less consistent on commonalities and disparities between obese pa-
tients with comorbid BED and obese individuals without BED concerning eating-related
symptomatology other than binge eating. Strong concerns about shape and weight are core
features BED shares with other EDs like anorexia nervosa or bulimia nervosa [23,24], and
significant concerns of shape and weight also emerge in connection with obesity without
BED in large community samples [25]. Similarly, several eating styles have been associ-
ated with obesity and comorbid BED in comparison with obesity without BED, such as
emotional eating [22,26–30], eating in response to stress [31], and lower success in dieting
and restraint [32], although especially research on the role of restraint has generated inho-
mogeneous results [33,34]. Newer concepts such as food craving and the strong desire to
eat certain foods show stronger correlations with binge eating than obesity [35–37]. Food
addiction, which among others, describes a loss of control over eating, cravings, and contin-
ued excessive food consumption contrary to the knowledge of adverse consequences [38],
is also associated with a higher frequency of binge episodes and emotional eating [39,40].
At the same time, food addiction may play a role in obesity, too [41].

Further exploration of the commonalities and disparities between obesity with co-
morbid BED and obesity without BED is warranted, considering the results may help
identify specific targets of prevention and intervention. Existing therapeutic approaches
and weight loss strategies for obesity, such as dietary programs or physical exercise, are
often unsuccessful or do not lead to enduring weight reductions [7,42]. Obese patients with
BED also exhibit smaller weight reductions compared with obese individuals without an
ED following weight-loss surgery [43,44]. Cognitive behavioral therapy (CBT), which func-
tions as the foundation of BED treatment, aims to modify eating behaviors and has been
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found to lead to a remission of binge episodes among 64.4% of patients, including positive
effects in terms of co-occurring psychological impairments [32,45]. However, the evidence
for long-term results after cessation of CBT is still disappointing [32,46], suggesting BED
treatment needs further improvement.

Thus far, the commonalities and differences in phenotypical features between obese
BED patients and obese individuals without BED have been mapped across a range of
studies but are seldom explored within a single investigation. One cannot exclude that
differences in study design or sample composition account for some inconsistencies across
findings, suggesting the need for a more comprehensive investigation. A comprehensive
investigation also allows for the assessment the relative contribution of different sets of
phenotypical and clinical features in grouping and distinguishing obese patients with
BED from obese individuals without BED, aiding in theory development and prognostic
application. Here, we conducted an exploratory study in which we assessed eating-
related symptomatology (shape and weight concerns [23,24], emotional eating [26–30,47],
dieting [32], food craving [37], and food addiction [48]), general psychopathology (impulse
control impairments [17], depression [34]), and early life experiences (childhood traumatic
events [9,10], attachment styles [14,15]) using standardized questionnaires. Specifically, we
aimed to comprehensively compare obese patients with BED against obese individuals
without BED as well as healthy, normal-weight controls in terms of these features, using
univariate analyses and dimensionality reduction techniques.

2. Materials and Methods

2.1. Participants

A total of 131 German-speaking adults (90 women, 41 men, mean age = 42.7 years, age
range: 21 to 82 years) participated in the study: n = 37 obese patients with an active BED
(OB-BED; BMI > 30 kg/m2), n = 50 weight-matched obese controls (OB; BMI > 30 kg/m2),
and n = 44 healthy, normal-weight controls with a BMI between 19.0 and 24.9 kg/m2

(CO). OB-BED patients were recruited from the psychosomatic ward and day clinic of the
Department for Psychosomatic Medicine and Psychotherapy at the University Hospital
of Erlangen. Patients were both newly diagnosed individuals as well as individuals who
had already received eating disorder-specific treatment in the past. University students,
hospital employees, and individuals considering bariatric surgery as an option for weight
loss were recruited for the OB and CO groups. For the diagnosis of BED, DSM-5 criteria (e.g.,
recurrent episodes of binge eating, marked distress, absence of compensatory behaviors)
had to be fulfilled [2], which were assessed and confirmed by a physician with longstanding
experience in diagnosing and treating eating disorders, in addition to the review of pre-
existing documentation and the use of a clinical questionnaire [49]. Common inclusion
criteria across groups were: 18 years or older, absence of acute severe psychiatric or somatic
concomitant diseases, and no acute suicidal tendencies. ED diagnoses other than BED, or
other clinically relevant ED symptoms, served as exclusion criteria; these exclusion criteria
were verified before study inclusion during a clinical interview by the physician in charge.

The study was carried out in accordance with the Declaration of Helsinki and was
reviewed and approved by the local ethics committee of the Friedrich-Alexander-University
Erlangen-Nürnberg (approval no.: 267_17B, 4 December 2017). A sample size of N ≥ 130
was targeted to achieve a power of 0.70 for detecting medium- or larger-sized (i.e., f ≥ 0.25)
group differences at p ≤ 0.05 [50]. Participants had no previous experience with the
procedure, provided informed, written, and signed consent, and were randomly sampled
by convenience among local individuals and patients that were or became available during
the recruitment period. Refusals to participate were not recorded; thus, information on
participation rate cannot be provided.
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2.2. Procedure

All participants completed a battery of paper-and-pencil questionnaires at their own
pace, detailed below, to measure different aspects of eating-related symptomatology, gen-
eral psychopathology, and childhood adversities.

2.3. Assessment of Eating-Related Symptomatology

Problematic eating behaviors and attitudes, such as shape and weight concerns, were
assessed using the Eating Disorder Examination—Questionnaire (EDE-Q). The EDE-Q [51]
is a self-report questionnaire modeled after the Eating Disorder Examination [52]. It is
composed of 22 items and assesses four subcategories: Restraint, Eating Concern, Weight
Concern, and Shape Concern. Items are rated on a 6-point scale, based on how often the
eating disorder characteristics occurred within the past 28 days. Mean scores are computed
for each subcategory, as well as for the overall questionnaire [53].

Emotional eating tendencies were assessed using the Salzburger Emotional Eating
Scale (SEES) [54]. The SEES contains twenty items, scored on a 5-point Likert scale and
grouped into four subcategories for effects of emotions on eating (happiness, sadness,
anger, and anxiety), each yielding a mean score. Mean scores higher than 3 suggest an
increased influence of emotion on food intake, while scores below 3 suggest a decreased
influence of emotion on food intake.

The Salzburger Stress Eating Scale (SSES) [31] is a ten-item questionnaire that measures
general stress eating tendencies, which we included because stress can affect eating even
after controlling for the effects of negative emotions [55]. Each item is scored on a 5-point
Likert scale ranging from 1 = I eat much less than usual to 5 = I eat much more than usual.
A mean score is calculated using all items. Mean scores higher, or lower, than 3 indicate an
increased, or decreased, intake when the individual feels stressed, respectively.

As further measures of emotional eating and restraint, we included the Dutch Eating
Behavior Questionnaire (DEBQ) [56]. The scale also measures external eating, the tendency
to eat after being exposed to food cues. The Emotional Eating scale further splits into effects
of diffuse emotions and clearly labeled emotions. The German version has 30 items that
are scored on a 5-point Likert Scale [57].

As an additional measure of restraint eating, we included the Perceived Self-Regulatory
Success in Dieting (PSRS) [58], a short questionnaire that can be used for distinguishing
between successful and unsuccessful dieters [59]. Three brief questions are used to assess
whether respondents find it easy to watch their weight, lose weight, or find it challenging
to stay in shape. The items are scored on a 7-point Likert scale, with the last item being
reversed coded.

Food craving was assessed with the Food Craving Questionnaire—Trait (FCQ-T) [60].
It consists of 39 items scored on a 6-point Likert scale, which in the German version [35] are
separated into six subscales: Intentions/Lack of control, Reinforcement, Thoughts/Guilt,
Emotions, Cues, and Hunger.

Finally, we also included the Yale Food Addiction Scale (YFAS) 2.0 [61] in order to
measure addiction-like eating behavior. The YFAS 2.0 has 35 items which assess how many
of the eleven symptoms of food addiction according to DSM-5 addiction criteria (amount,
attempts to quit, time, reduced activities, consequences, tolerance, withdrawal, craving,
failed obligations, problems, hazardous situations) are present, as well as if the eating
behavior causes impairment or distress. The items are scored on a 7-point scale, with each
symptom having a specific threshold score. According to the number of symptoms present,
the severity of food addiction is considered to be mild (2–3), moderate (4–5), or severe (7 or
more symptoms). The endorsement of impairment/distress is necessary for diagnosing
addiction at all [62].

2.4. Assessment of General Psychopathology

The Barratt Impulsiveness Scale—Short Version (BIS-15) [63] was used to measure
participants’ impulsiveness utilizing a three-factor model: non-planning impulsivity, motor
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impulsivity, and attentional impulsivity. The BIS-15 contains 15 items, each scored on a
4-point Likert scale with six items scored inversely. Accordingly, a sum score of all items
ranges between 15 and 60.

The Beck Depression Inventory (BDI-II) [64] was additionally included as a widely
used self-report inventory for measuring the severity of depression in adults. The BDI-II
contains 21 items, each scored on a 4-point Likert scale, with sum scores ranging between
0 and 63.

2.5. Assessment of Early Life Experiences

Two questionnaires on early life experiences were also included. The short version of
the Childhood Trauma Questionnaire (CTQ) [65] contains 28 items and screens for five types
of childhood trauma, including physical, sexual, and emotional abuse, as well as physical
and emotional neglect. Each subcategory contains five items, and the remaining three
items comprise the Minimization/Denial validity scale, which indicates underreporting
of maltreatment. All items are rated on a 5-point Likert scale, with some items scored
inversely, yielding a sum score for each subcategory.

Finally, the redesigned German version of the Relationship Scales Questionnaire
(RSQ) [66] was used to assess attachment style and distinguished between “Separation
anxiety”, “Closeness anxiety“, “Lack of trust,” and “Wish to be independent”. Each of the
30 items are ranked on a 5-point Likert scale, yielding a mean score for each subcategory
of attachment.

2.6. Data Aggregation and Analysis

Participant responses were aggregated according to each questionnaire’s specifications.
For questionnaire total scores, univariate analyses of variance (ANOVAs) were conducted to
assess differences between groups (OB-BED vs. OB vs. CO). To account for multicollinearity
among questionnaire subscales, between-group differences on subscales were analyzed
using one-way multivariate analysis of variance (MANOVAs). Anthropometric variables
(age, BMI) were compared between groups using one-way ANOVA, and a Chi-squared
test of independence (for sex ratio), with group as the independent variable. Chi-square
tests were also used to analyze symptom severity in the YFAS 2.0.

For assessing the relative contribution of different sets of features in grouping and
distinguishing OB-BED patients from OB and CO individuals, a linear discriminant analysis
(LDA) was conducted with participant group as the criterion variable and questionnaire
scores as predictor variables. The LDA’s primary goal is to identify along how many
and which dimensions (i.e., the discriminant functions) the participant groups can be
distinguished from each other based on a set of predictor variables. Correlations (loadings)
between predictors and discriminant functions can be used to indicate the relative value
of each questionnaire to the discriminant function. Prior probabilities were adjusted to
control for unequal group sizes. Box’s M statistic was used to test for violations of the
assumption of equal covariance matrices.

The significance level for all analyses was set at p ≤ 0.05. Effect sizes are reported
as η2. Post hoc pairwise comparisons report Bonferroni-adjusted p-values for multiple
comparisons. Variable values are reported as mean ± standard deviation. Z-standardized
values of questionnaires are depicted in Figure 1. Unstandardized means ± standard
deviation for questionnaire responses are summarized in Appendix A (Table A1). All data
were analyzed with the Statistical Package for the Social Sciences (SPSS 25; IBM Corp.,
Armonk, NY, USA).
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Figure 1. Mean questionnaire scores (z-standardized) and standard errors for the examined groups. CO = control;
OB = obese; OB-BED = obese with co-morbid Binge Eating Disorder.
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3. Results

3.1. Participant Demographics

Participant demographics are summarized in Table 1. Participant sexes were similarly
distributed across participant groups, χ2 (df = 2) = 0.49, p = 0.78. Groups differed as
intended in terms of BMI (post hoc: OB-BED = OB > CO), F(2, 128) = 125.05, p < 0.001,
η2 = 0.66, and were similar in age, F(2, 128) = 3.02, p > 0.05.

Table 1. Demographic information as a function of participant group.

Variable CO OB OB-BED

n (m, f) 14, 30 17, 33 10, 27
age 41.7 ± 16.8 46.1 ± 10.7 39.3 ± 11.2

BMI (kg/m2) 22.5 ± 1.6 42.9 ± 9.1 46.3 ± 9.3
n = number of participants; m = male; f = female; BMI = body mass index; CO = control; OB = obese;
OB-BED = obese with co-morbid Binge Eating Disorder. Values report mean ± standard deviation.

3.2. Eating-Related Symptomatology: EDEQ, SSES, SEES, DEBQ, PSRS, FCTQ, & YFAS 2.0

EDE-Q total scores of disordered eating varied significantly between groups,
F(2, 125) = 62.82, p < 0.001, η2 = 0.50, with OB-BED scoring higher than OB and CO,
ps < 0.008, and OB scoring higher than CO, p < 0.001. Expectedly, the analysis of subcat-
egory scores replicated the effect, F(8, 244) = 20.88, p < 0.001, η2 = 0.27, Wilk’s Λ = 0.41,
with OB-BED and OB showing higher scores than CO on Restraint, Eating Concern, Weight
Concern, and Shape Concern scales, ps < 0.002. With the exception of restraint, p = 1.00,
OB-BED also scored consistently higher than OB, ps < 0.007.

Emotional eating according to SEES subscales varied by group, F(8, 250) = 9.23,
p < 0.001, η2 = 0.23, Wilk’s Λ = 0.60, with OB-BED scoring lower on the happiness sub-
category than CO, p = 0.02, but not OB, p = 1.00. OB-BED scored higher on the sadness,
anger, and fear subcategories than both OB and CO, ps < 0.001. With the exception of
higher sadness scores for OB than CO, p = 0.03, OB and CO were not significantly different,
ps > 0.07.

SSES mean scores for general stress eating tendencies also differed significantly be-
tween groups, F(2, 127) = 29.77, p < 0.001, η2 = 0.32, with CO scoring lower than OB,
p = 0.04, and OB-BED, p < 0.001, and OB scoring lower than OB-BED, p < 0.001.

On the DEBQ, scores differed between groups across restraint, external eating and
emotional eating subscales, F(8, 246) = 11.31, p < 0.001, η2 = 0.27, Wilk’s Λ = 0.53. CO
scored significantly lower on restraint eating behaviors than OB, p = 0.03, but not lower
than OB-BED, p = 1.00, with OB and OB-BED remaining comparable, p = 0.21. On the
external eating subscale, OB-BED scored higher than OB and CO, ps < 0.001, with OB and
CO remaining comparable, p = 0.82. Finally, on both subscales of emotional eating, OB-BED
scored higher than OB and CO, ps < 0.001, and OB scored higher than CO, ps < 0.002.

In terms of the PSRS perceived success in dieting scores, group differences were
obtained, F(2, 120) = 80.71, p < 0.001, η2 = 0.57, due to CO scoring significantly higher than
both OB and OB-BED groups, ps <.001. OB and OB-BED did not differ in terms of PSRS,
p = 0.07.

FCTQ food craving total scores differed significantly between groups,
F(2, 121) = 58.02, p < 0.001, η2 = 0.49, with OB-BED scoring higher than OB and CO,
ps < 0.001, and OB scoring higher than CO, p < 0.001. This pattern reproduced consis-
tently across FCTQ subscales (OB-BED > OB > CO, ps < 0.001), F(12, 232) = 9.10, p < 0.001,
η2 = 0.32, Wilk’s Λ = 0.46, with the exception of the food-cue elicited craving, which did
not differ between OB and CO, p = 0.38.

Finally, food addiction symptoms based on the YFAS 2.0 differed significantly across
groups, F(2, 128) = 45.66, p < 0.001, η2 = 0.42, with OB-BED scoring higher than OB and CO,
ps < 0.001, and OB scoring higher than CO, p < 0.001. A Chi-squared test of independence
revealed that groups also differed in terms of the clinical significance of food addiction
symptoms, χ2 (df = 2) = 49.97, p < 0.001, with 0% of CO, 40% of OB and 76% of OB-BED
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indicating clinically significant impairments. However, of those classified as severe food
addicted (n = 31), 61% were in the OB-BED group and 39% were in the OB group, which
did not significantly differ from the expected values based on sample size distribution,
p = 0.67.

3.3. General Psychopathology: BIS-15 & BDI

BIS-15 total impulsivity scores differed significantly between groups, F(2, 128) = 6.48,
p < 0.002, η2 = 0.09, with OB-BED scoring higher than CO, p < 0.001, whereas OB-BED and
OB, and OB and CO remained comparable, ps > 0.14. Subscale analysis, F(6, 252) = 4.56,
p < 0.001, η2 = 0.10, Wilk’s Λ = 0.81, revealed that overall differences were due to OB-BED
scoring higher on attentional impulsivity than OB and CO, ps < 0.05, and OB scoring higher
than CO, p = 0.03. All groups remained comparable on non-planning impulsivity and
motor impulsivity subscales, ps > 0.10.

On the BDI depression inventory, OB-BED scored higher than OB and CO, ps < 0.04,
and OB scored higher than CO, p < 0.001, F(2, 126) = 23.78, p < 0.001, η2 = 0.27.

3.4. Early Life Experiences: CTQ & RSQ

CTQ total scores for childhood trauma revealed significant groups differences,
F(2, 128) = 19.67, p < 0.001, η2 = 0.24, with CO scoring lower than both OB-BED and
OB, ps < 0.001, and similar scores for OB-BED and OB, p = 0.30. In terms of trauma sub-
categories, group differences were also significant, F(10, 248) = 4.51, p < 0.001, η2 = 0.15,
Wilk’s Λ = 0.72, with CO scoring lower than OB-BED and OB in all categories, ps < 0.03,
except for OB-BED in terms of sexual abuse, p = 0.06. OB-BED and OB did not significantly
differ in any of the subcategories, ps > 0.05. Denial scores indicating underreporting did
not differ between groups, F(2, 128) = 2.70, p = 0.07.

Attachment styles according to RSQ scores differed between groups, F(8, 244) = 6.32,
p < 0.001, η2 = 0.17, Wilk’s Λ = 0.69, with differences found on separation anxiety, closeness
anxiety, and lack of trust subscales. For separation anxiety, OB-BED revealed elevated
scores compared to OB and CO groups, ps < 0.03, which themselves remained comparable,
p = 1.00. Closeness anxiety was only elevated for OB-BED when compared to CO, p < 0.001,
whereas all other comparisons were not significant, ps > 0.15. Finally, all groups differed in
lack of trust, ps < 0.05, with OB-BED scoring higher than OB and CO, and OB scoring higher
than CO. There were no significant differences on the wish to be independent subscale,
ps > 0.25.

3.5. Discriminant Analysis

Given that in almost all questionnaires and subcategories, significant differences
were found between OB-BED, OB and CO groups, a linear discriminant analysis (LDA)
was conducted to assess the relative contribution of different sets of psychopathological
features in grouping and distinguishing the groups. Given the high internal consistencies
of SEES (with happiness reverse-coded), DEBQ, and RSQ subscales (excluding wish for
independence, which did not differ between groups), Cronbach’s α 0.74, 0.71, and 0.66,
respectively, mean total scores for these questionnaires were computed. Thus, eleven total
scores for all questionnaires were entered as predictors in the LDA. Because of missing
scores on at least one questionnaire, 116 cases were included in the analysis.

Results of the LDA revealed a two-dimensional solution (see Figure 2), with a sig-
nificant function 1 accounting for 89.6% of the variance, χ2 (22) = 174.84, p < 0.001, and
a significant function 2 accounting for the remaining 10.4% of variance, χ2 (10) = 30.49,
p < 0.001. Group centroids (i.e., means in multivariate space) suggest a clear distinction
between CO (−2.17), OB (0.69) and OB-BED (1.80) groups due to predictors associated
with function 1, with predictors related to function 2 primarily distinguishing between
OB (−0.68) and OB-BED (0.68) groups, with CO (0.21) in between. In order of importance,
predictors primarily associated with function 1 (loadings in parentheses) were EDEQ (0.70),
PSRS (−0.69), YFAS (0.49), BDI (0.41), CTQ (0.36), and RSQ (0.34). Function 2 predic-
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tors were FCTQ (0.71), SSES (0.64), SEES (0.63), DEBQ (0.45), and BIS-15 (0.24). Because
Box’s M statistic indicated a significant violation of the assumption of equal covariance at
p < 0.001, which could render LDA results unstable, a secondary LDA with only OB-BED
and OB groups was conducted to confirm the reliability of function 2 predictors. Meeting
assumption checks (Box’s M p = 0.30), the additional analysis yielded a similar solution
for the distinction of OB-BED and OB groups, χ2 (11) = 31.64, p < 0.001, with FCTQ (0.87),
SSES (0.74), DEBQ (0.70), and SEES (0.69) emerging again as the most important predictors
of group differences. Taken together, the LDA findings suggest that CO can be distin-
guished from OB, and OB-BED groups along a continuum of increasing problematic eating
behaviors and attitudes, depression, and childhood adversities, with OB-BED further
distinguishable from OB along a continuum of increasing emotional eating tendencies, and
eating-related as well as general self-regulation impairments.

Figure 2. Cases and centroids of study groups on the two discriminant functions derived from
the linear discriminant analysis (LDA) of questionnaire responses. Asterisks (*) indicate the
largest absolute correlation between each predictor and the discriminant functions. CO = control;
OB = obese; OB-BED = obese with co-morbid Binge Eating Disorder.

4. Discussion

This study aimed to assess differences and commonalities between obese patients with
BED and obese individuals without BED. For that, a battery of questionnaires on early life
experiences, general psychopathology, and eating-related symptomatology was assessed
on the above-mentioned groups and normal-weight controls, whereby the BED group was
a clinically diagnosed sample. In almost all questionnaires and subcategories, significant
differences could be found between the groups. However, the findings of the LDA showed
that OB-BED, OB, and CO can be grouped along a two-dimensional space, with one
continuum primarily distinguishing CO from the OB and OB-BED groups and a second
continuum distinguishing between OB and OB-BED groups. Consistent with previous
research, aspects of early life experiences emerged as shared features of OB and OB-
BED groups, whereas general psychopathology in terms of impulse control impairments
distinguished between the groups. However, across both dimensions, features of eating-
related symptomatology emerged as the most important predictors of commonalities and
disparities between obesity with and without BED. These results are discussed in further
detail in the following sections.
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4.1. Eating-Related Symptomatology

Although not included in the DSM-5 diagnostic criteria [2], strong concerns about
shape and weight are core psychopathologies that BED shares with other EDs like anorexia
nervosa or bulimia nervosa [23,24]. Significant concerns of shape and weight and elevated
measures of eating disturbances also emerge in connection with obesity in large community
samples [25]. For example, Hilbert et al. [67] reported an increased risk of 11 to 20 times for
obese individuals to show eating disorder psychopathology compared with individuals
with normal weight. Consistent with these findings, OB-BED patients scored consistently
higher on the EDEQ than OB participants, who scored higher than controls, with the
subscale restraint as the only exception (for similar findings, see [68]). The LDA also
suggests that the OB and OB-BED groups can be distinguished from controls along a
continuum best described by elevated eating disturbances. Although more research on the
relative importance of restraint appears warranted (cf. [69]), these findings suggest that
shape and weight concerns in obese BED patients should be of special interest since they
may be related to the condition’s pathogenesis and can determine the therapy outcome [70].

Related to the question of the role of restraint, we assessed the PSRS. This short
questionnaire yields the individuals’ self-assessment of their own success in dieting, which
has been shown to negatively correlate with BMI, rigid dietary control, food cravings, food
addiction symptoms, and binge eating, but to correlate positively with flexible dietary
control [59]. In our study, the OB-BED and OB groups reported much lower scores in dieting
successfully than controls but remained comparable, which was also indicated by the LDA
associating the PSRS with the continuum relevant to the distinction of healthy controls from
OB and OB-BED groups. A possible explanation for the lack of distinction between OB-BED
and OB groups according to restraint is that the questionnaire measures the attempt to
lose weight, rather than actual restraint eating behavior, which more specifically relates to
disordered eating [71,72].

However, OB-BED and OB groups were clearly distinguishable according to features
of emotional eating, as suggested by the LDA and individual analyses. In the SEES, which
was developed with the expectation that persons with lower eating pathologies tend to eat
rather more when happy, and persons with higher eating pathologies more when having
negative emotions [54]; the average score of eating under negative emotions was increased
in OB-BED compared with both OB and controls. Controls, instead, reported eating more
when feeling happy. The differences between OB-BED and OB were most pronounced
for sadness as a low arousal emotion, which is consistent with similar findings for binge
eating in patients with bulimia nervosa [73]. These findings may suggest that mechanisms
of decreased food uptake while experiencing high arousal in the form of emotions are
decoupled in BED with comorbid obesity but not in obesity without BED. This idea is
further supported by similar patterns found for stress eating tendencies in the SSES. Again,
the OB-BED group showed the highest score by far, while the OB group reported to eat
only slightly more. Controls instead reported eating less under stress. These findings are
consistent with laboratory studies showing an increased speed of food uptake after stress
exposure in BED patients [74].

In line with the above-summarized findings, the DEBQ, which also measures emo-
tional eating on one subscale, was found to distinguish between OB-BED and OB groups.
The OB-BED group in our study showed the highest scores in emotional eating in the DEBQ,
including the subscales for diffuse emotions [56]. It stands to reason that these differences
hint at the role of emotional dysregulation in predicting binge eating behavior [75].

Further lines of distinction between OB-BED and OB groups emerged along with
external eating and food craving tendencies. Consistent with previous findings [75–77],
OB-BED patients scored higher than both OB and controls on the DEBQ external eating
subscale, which measures the tendency to eat after being exposed to food cues. In a similar
vein, OB-BED, OB, and controls were found to differ consistently across FCQT’s food
craving subscales. Although strong food cravings can be found in healthy individuals, too,
it has been shown that those with binge eating symptoms score higher in food craving
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assessments [37]. Consistent with our findings, this association is stronger for binge
eating than for only obesity [35–37]. Innamorati et al. [78] even developed a potential
cut-off score (157.5) of the FCQT for identifying clinical-level binge eating. Although our
clinically diagnosed BED sample did not meet this criterion on average (142.3), findings
from the LDA, which identified FCQT scores among the most important predictors for
distinguishing between OB-BED and OB groups, generally support this contention.

As BED has been linked to high impulsivity and related conditions like substance
use disorders [32,79], it has been suggested that BED might share features with food
addiction [41,48]. Extending this line of research, we compared OB-BED, OB, and controls
in terms of food addiction as measured by the YFAS 2.0. In our study, the highest prevalence
of 76% for food addiction was found in the OB-BED group, followed by OB (40%) and
controls (0%). For the OB-BED group, this is a lower prevalence than shown in previous
studies [38,80], though it should be mentioned that food addiction prevalence rates are
inhomogeneous across different samples [41]. Given the clear difference in food addiction
prevalence between OB-BED and OB groups, it might be considered surprising to find
that food addiction in the LDA was associated with the more general distinction between
healthy and clinical groups, rather than between OB-BED and OB groups. It should be
noted, however, that the LDA included scores for food addiction symptoms rather than
scores for food addiction severity, rendering these findings only partly comparable. The
decision to include food addiction symptoms rather than severity scores in the LDA was
mainly due to statistical reasons, as the absence of variance in severity scores of controls
(i.e., none of the controls were classified as food addicted) violated the LDAs assumptions.

4.2. General Psychopathology

Looking at general psychopathology associated with BED, we investigated the role of
impulse control impairments in relation to comorbid obesity using the BIS-15. Impulsivity
has been frequently investigated in BED in the past. Experimental studies revealed that
patients with BED show higher rash-spontaneous behavior, especially toward food, but also
in general [17]. Neurobiological findings also link BED to impulsive/compulsive disorders,
based on findings of the corticostriatal circuitry regulation of motivation and impulse
control [81]. Likewise, the link between impulsivity and obesity has been of interest. A
study gathering data about impulsivity in a large sample of the general population showed
an association with obesity [82]. However, research suggests that BED surpasses obesity
without BED in terms of impulsivity [17], which is consistent with the present findings.
Specifically, OB-BED patients scored overall higher than OB and control participants on
the BIS-15, with OB participants exceeding controls only on the subscale of attentional
impulsivity. This scoring is in line with the findings of Loeber et al. [83], and further
supported by the LDA associating impulsivity scores more strongly with the specific
distinction between OB-BED and OB groups.

Further replicating previous findings on the relation between depressive symptoms
and BED and obesity [84,85], we found that BDI scores of OB-BED patients exceeded those
of OB, which exceeded those of controls. Interestingly, and although previous studies
associated high BDI scores and depressed moods specifically with BED [21,22], the LDA
suggests a linear transition from healthy controls to OB and OB-BED groups with increasing
levels of depression. However, the effects of depression on BED are likely mediated through
their effect on self-regulation impairments [21,86], which our analysis also suggested are
more specific for the distinction of obese patients with and without obesity.

4.3. Early Life Experiences

Finally, adverse childhood events have been repeatedly linked to both obesity and
BED [9,10]. It has been argued that adverse experiences may impair coping mechanisms
due to mental and emotional perturbations but may also link to metabolic alterations due
to stress, and in doing so, promote the development of obesity and BED [11,12]. Consistent
with these findings, individual analysis as well as LDA groupings suggest that OB and
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OB-BED groups can be distinguished from healthy, normal-weight controls on the basis
of overall CTQ trauma scores. However, whereas previous research indicated further
distinctions between OB-BED and OB groups in terms of traumatic experiences [11,87]
these differences were not significant in the present sample. In part, this may have been
caused by a smaller sample size of our study or because the sexual and physical abuse
scores were slightly higher in the OB group than in the OB-BED group (for similar findings,
see [88]). Though further research on more specific contributions may be required, our
findings corroborate childhood trauma as a general risk factor for obesity and BED, which
should be considered whilst offering treatment.

In a similar vein, attachment styles, formed in early childhood, have been considered
in the pathogenesis of BED and obesity [14,15] and emerged as predicting differences of OB-
BED and OB groups towards controls. Specifically, OB-BED patients showed elevated RSQ
scores for separation anxiety, closeness anxiety, and lack of trust, whereas OB participants
differed from controls only with respect to lack of trust. To our knowledge, this is the first
study assessing the RSQ in comparing groups of BED, obesity, and normal-weight controls.
The findings could suggest that binge eating in obese individuals might result from poor
emotional coping mechanisms [89–91]. However, both individual analysis and the LDA
did not identify differences in attachment styles as specifically differentiating between
OB-BED and OB groups, suggesting that further research on the role of attachment styles
in BED is needed.

4.4. Limitations

Of course, interpreting these findings is subject to limitations. First, the current
study investigated the psychopathological space between obese individuals with and
without BED in a cross-sectional design. Although the evidence largely supports the
idea of BED and obesity forming part of a broad spectrum of eating-related behaviors
and disorders in terms of childhood adversities and different aspects of general and
eating-related psychopathology, the cross-sectional design prevents any exploration of
a transition of individuals from one group to another. This gap may be addressed in
studies using similar methods but with a longitudinal design. Second, due to the fact that
we included both incident (treatment-naive) as well as prevalent (treatment-experienced)
patients, we cannot exclude the possibility that prior recommendations and treated aspects
of eating disorder-specific pathology could have modified the answers collected in the
questionnaires, limiting interpretations as to whether the observed patterns are sensitive
to change. Third, and relatedly, it must be noted that control participants were primarily
recruited among individuals considering bariatric surgery as an option for weight loss (OB
group), hospital staff, and medical students (normal-weight controls). Although participant
groups were comparable in terms of sociodemographic features, we cannot exclude that
the observed data pattern is sensitive to sample composition differences.

5. Conclusions

This study sought to show and reproduce specific characteristics of BED with co-
morbid obesity, especially in comparison with obesity without BED. Importantly, we only
tested clinically diagnosed BED patients and obese individuals without a history of ED
to make a clear comparison. The findings underline the distinct psychological and psy-
chopathological features that separate OB-BED from obesity. Although OB-BED and OB
groups share problematic eating behaviors and attitudes, depression, and adverse early
life experiences, increasing emotional eating tendencies and eating-related and general
self-regulation impairments appear to specifically relate to the emergence of BED. These
results should be considered in therapy and when screening for BED in obese individuals.
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Appendix A

Unstandardized means ± standard deviations of questionnaire responses are summa-
rized in Table A1.

Table A1. Questionnaire responses raw scores as a function of participant group.

Variable CO OB OB-BED

EDEQ
Total 0.7 ± 0.86 2.5 ± 1.26 3.2 ± 0.90

Restraint 0.8 ± 1.13 1.8 ± 1.54 1.8 ± 1.49
Eating Concern 0.2 ± 0.71 1.5 ± 1.43 2.5 ± 1.35

Weight Concern 0.7 ± 1.01 3.1 ± 1.43 3.9 ± 1.00
Shape Concern 1.1 ± 1.08 3.6 ± 1.47 4.4 ± 0.84

SEES
Happiness 3.0 ± 0.28 2.7 ± 0.59 2.7 ± 0.71

Sadness 3.2 ± 0.60 3.5 ± 0.68 4.3 ± 0.42
Anger 2.9 ± 0.59 2.9 ± 0.88 3.6 ± 0.81

Fear 2.7 ± 0.70 2.7 ± 0.81 3.4 ± 0.88
SSES

Total 2.8 ± 0.53 3.1 ± 0.79 3.9 ± 0.74
DEBQ

Restraint 2.3 ± 0.91 2.7 ± 0.79 2.4 ± 0.65
External Eating 2.9 ± 0.61 3.0 ± 0.73 3.6 ± 0.73

Emo. Eating total 1.9 ± 0.69 2.6 ± 0.98 3.7 ± 0.74
Emo. E. Clearly Labelled 1.8 ± 0.73 2.5 ± 1.05 3.6 ± 0.90

Emo. E. Diffused 2.2 ± 0.78 2.9 ± 1.16 4.0 ± 0.78
PSRS

Total 14.8 ± 3.72 7.8 ± 2.99 6.1 ± 3.07
FCQT

Total 68.9 ± 18.81 97.2 ± 37.58 142.3 ± 30.03
Cues 10.2 ± 3.29 11.4 ± 3.64 15.8 ± 3.92

Hunger 8.8 ± 2.92 11.1 ± 4.29 14.4 ± 4.10
Emotions 6.5 ± 3.00 10.6 ± 5.24 16.1 ± 4.47

Intentions/Lack of Control 15.1 ± 5.41 22.8 ± 10.04 34.3 ± 8.57
Reinforcement 15.0 ± 5.43 19.2 ± 8.88 28.6 ± 7.71

Thoughts/Guilt 13.3 ± 4.91 22.1 ± 11.17 33.1 ± 9.71
YFAS

No. of Symptoms 0.1 ± 0.78 3.1 ± 3.15 5.8 ± 3.35
Severity, n

None 44 32 10
Mild 0 3 3

Moderate 0 2 5
Severe 0 12 19
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Table A1. Cont.

Variable CO OB OB-BED

BIS
Total 29.3 ± 6.40 31.9 ± 6.34 34.4 ± 6.42

Nonplanning 10.8 ± 3.40 10.6 ± 3.20 11.8 ± 2.84
Motoric 10.1 ± 2.44 11.3 ± 2.64 11.1 ± 3.14

Attentional 8.5 ± 2.45 10.0 ± 2.96 11.5 ± 3.13
BDI

Total 6.2 ± 7.61 14.7 ± 9.67 19.7 ± 9.30
CTQ

Total 31.9 ± 6.16 45.2 ± 16.76 50.2 ± 15.75
Emotional Abuse 7.2 ± 2.62 11.1 ± 5.58 12.9 ± 5.60

Physical Abuse 5.3 ± 0.78 7.1 ± 3.54 6.9 ± 3.32
Sexual Abuse 5.0 ± 0.15 7.0 ± 4.83 6.8 ± 3.47

Emotional Neglect 8.3 ± 3.02 12.2 ± 5.24 14.6 ± 5.32
Physical Neglect 6.1 ± 1.83 7.8 ± 3.03 8.9 ± 3.32

Denial 0.6 ± 0.99 0.5 ± 0.91 0.2 ± 0.48
RSQ

Fear Separation 2.5 ± 0.69 2.6 ± 0.79 3.0 ± 0.65
Fear Intimacy 2.2 ± 0.65 2.5 ± 0.76 2.8 ± 0.94

Lack Trust 2.0 ± 0.74 2.7 ± 0.85 3.2 ± 0.77
Wish Independence 3.8 ± 0.75 4.1 ± 0.67 4.0 ± 0.70

CO = control; OB = obese; OB-BED = obese with co-morbid Binge Eating Disorder; EDEQ = Eating Disor-
der Examination—Questionnaire; SEES = Salzburger Emotional Eating Scale; SSES = Salzburger Stress Eating
Scale; DEBQ = Dutch Eating Behavior Questionnaire; PSRS = Perceived Self-Regulatory Success in Dieting;
FCQT = Food Craving Questionnaire—Trait; YFAS = Yale Food Addiction Scale; BIS = Barratt Impulsiveness Scale
– Short Version; BDI = Beck Depression Inventory; CTQ = Childhood Trauma Questionnaire; RSQ = Relationship
Scales Questionnaire. Values report mean ± standard deviation.
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Abstract: The clinical consequences of obesity on the kidneys, with or without metabolic abnor-
malities, involve both renal function and structures. The mechanisms linking obesity and renal
damage are well understood, including several effector mechanisms with interconnected pathways.
Higher prevalence of urinary albumin excretion, sub-nephrotic syndrome, nephrolithiasis, increased
risk of developing CKD, and progression to ESKD have been identified as being associated with
obesity and having a relevant clinical impact. Moreover, renal replacement therapy and kidney
transplantation are also influenced by obesity. Losing weight is key in limiting the impact that obesity
produces on the kidneys by reducing albuminuria/proteinuria, declining rate of eGFR deterioration,
delaying the development of CKD and ESKD, and improving the outcome of a renal transplant.
Weight reduction may also contribute to appropriate control of cardiometabolic risk factors such as
hypertension, metabolic syndrome, diabetes, and dyslipidemia which may be protective not only in
renal damage but also cardiovascular disease. Lifestyle changes, some drugs, and bariatric surgery
have demonstrated the benefits.

Keywords: obesity; fatty kidney; glomerulopathy; CKD; ESRD; bariatric surgery

1. Introduction

The continuous growing of the obesity pandemic introduced a great bulk of disease
beyond the classical well recognized metabolic, orthopedic, psychological, and cardiovas-
cular consequences of obesity. Beside these, although in some ways linked to, is the impact
of obesity in the kidney, usually silent during the years before producing relevant damage
with clinical expressivity. A review in epidemiology, mechanisms, clinical, and therapeutic
aspects is presented.

1.1. Epidemiology

In adults within a large, community-based population, in an integrated system of
health care delivery in whom serum creatinine had been measured between 1996 and 2000
and who had not been supported with dialysis or undergone kidney transplantation, an
independent, ranked association between a reduced estimated GFR and the risk of death,
cardiovascular events, and hospitalization was reported. As GFR decreased from 59 to
45 (mL/min/1.73 m2), the risk of death increased to 1.8 reaching gradually the highest
values of almost 6 times more in the end stage renal disease patients [1]. Similar results
for the association of CKD progression with cardiovascular disease and death was also
reported in metanalysis studies [2,3]. The unadjusted prevalence of stage 3 and 4 CKD
in USA increased from the late 1990s to the early 2000s with a rise in the prevalence of
diabetes, hypertension, and obesity. However, the overall prevalence has stabilized since
2003 to 2004 and 6.9% of the population has CKD in 2011 to 2012. Reasons for the recent
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stabilization of overall CKD prevalence despite continued aging of the U.S. population
and the increased prevalence of obesity include better control of hypertension, successful
glycemic control with the newer drugs, and expanded use of medications blocking the
renin–angiotensin system in patients with proteinuria [4]. In the UK, the prevalence of
eGFR < 60 mL/min/1–73 m2 was 7.7%, 7.0% and 7.3% in 2003, 2009/2010, and 2016,
respectively initially decreased in 2010 but again increased in 2016 [5]. At the same time in
the UK the prevalence of diabetes and obesity increased during 2003–2016, while prevalence
of hypertension and smoking fell.

Beyond the impact of diabetes and hypertension on the increased risk of CKD in the
obese patients, the direct role of obesity in kidney injury has been demonstrated in animal
models and epidemiological studies in humans. BMI has been reported as an independently
significant factor for the development of CKD in most studies [6–10] with an odds ratio
from the lowest to the highest BMI of 1.273 for developing ESKD, after adjustment for
age, sex, systolic blood pressure, and proteinuria [6], but obesity risk appeared largely
mediated by diabetes and hypertension in other studies [8] or not to be associated with
ESKD [11]. A recent metanalysis of studies from a general population with normal baseline
renal function reported that obesity increased the relative risk of developing low eGFR
by 1.28 and albuminuria by 1.51 [12]. Table 1 collected studies of CKD risk in adults with
metabolic syndrome.

Table 1. Risk of CKD in adults with metabolic syndrome (·MS).

Study Patients Study Endpoint
OR (CI 95%) for Chronic

Kidney Disease

Chen et al. [13] 6217 US adults chronic kidney disease and
microalbuminuria

2.60 (1.68–4.03) versus non
metabolic syndrome

Palaniappan et al. [14] 6217 American adults microalbuminuria

OR 2.2 (1.44–3.34) and 4.1
(2.45–6.74) for women and

men versus non
metabolic syndrome.

Chen et al. [15] 15,160 Chinese adults chronic kidney disease 1.64 (1.16–2.32) versus non
metabolic syndrome

Tanaka et al. [16] 6980 Japanese adults chronic kidney disease
<60 years; 1.69 (i.35–2.11)

versus non
metabolic syndrome

Chang et al. [17] 60,921 Korean adults chronic kidney disease 1.68 (0.57–1.80) versus non
metabolic syndrome

Ryu et al. [18] 10,685 Korean healthy
men/40,616.8 person-years

prospective, chronic
kidney disease 2.00 (1.46–2.73)

Kurella et al. [19] 10,096 US adults/9 years of
follow-up prospective, CKD 1.43 (1.18–1.73)

Yang et al. [20] 4248 Chinese adults/5.40
years of follow-up

prospective chronic
kidney disease 1.42 (1.03–1.73)

Ninomiya et al. [21] 1440 adults/5 years of
follow up

prospective, chronic
kidney disease 2.08 (1.23–3.52)

Lucove et al. [22] 1484 Native Americans/10
years follow up

prospective, chronic
kidney disease 1.3 (1.10–1.60)

Sun et al. [23] 118,924 Taiwanese/3.7 years
follow up

prospective, chronic
kidney disease 1.30 (1.24–1.36)

Chen J [24] 26,601 subjects chronic kidney disease 1.99 (1.57–2.53)

Rashidbeygi E et al. [25] 10,603,067 participants meta-analysis albuminuria
and proteinuria

1.92 (1.71–2.15) and 2.08
(1.85–2.34)

Thomas et al. [24] 30,146 adults meta-analysis chronic
kidney disease 1.55 (1.34–1.80)

Nondiabetic participants with normal baseline kidney function and metabolic syn-
drome according to the National Cholesterol Education Program who were included in
the Atherosclerosis Risk in Communities study had an adjusted risk of developing CKD of
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1.43 compared with participants with no features of the metabolic syndrome [19]. Central
fat distribution indices, i.e., waist to hip circumference or visceral fat, are better related
with the risk of ESKD compared to BMI [26–28]. Meta analyses reported that metabolic
syndrome components such as obesity, impaired fasting glucose, elevated blood pressure,
and hypertriglyceridemia were associated with significant increases in proteinuria and
albuminuria risk [25].

Metabolically healthy obesity (MHO) is an obesity phenotype that obesity is not asso-
ciated with metabolic complications such as insulin resistance, inflammation, hypertension,
or T2D. Compared with metabolically healthy non-obesity phenotype, the odds ratios for
incident CKD for MHO were similar to the comparison group, but significantly increased
for metabolically abnormal non-obese and obesity phenotype respectively after adjust-
ment for confounders [29–31]. However, other studies reported that MHO may have an
intermediate future risk to develop ESKD.

1.2. Pathology

Obesity-Related Glomerulopathy
Physical compression of the kidneys from accumulation of adipose tissue around

the organs emphasizes the possible role of visceral obesity in the development of renal
disease. Deposition of extracellular matrix throughout the renal medulla is expanded and
the tissue surrounding the ducts of Bellini at the vascular pole tends to prolapse. Increased
numbers of interstitial cells and material rich in lipids and proteoglycans press the renal
parenchyma towards the pole of the kidney resulting in the formation of round-shaped,
enlarged kidney in obese subjects. Renal compression affects both vascular (the vasa recta)
and tubular (the Henle’s loops) elements causing activation of the RAS and increased
sodium reabsorption [32–34].

The primary histologic features are few lesions of focal-segmental glomerulosclerosis,
profound glomerulomegaly due to glomerular hyalinosis and fibrosis, as well as lipid
accumulation in the glomeruli and adhesion to Bowman’s capsule [35,36]. Altered fat
metabolism in the kidneys induces lipid accumulation, suggesting that high fat intake may
have a direct lipotoxicity effect in the kidneys. Ectopic lipid accumulation in the kidneys
induces structural and functional changes of the mesangial cells, podocytes, and proximal
tubular cells. Perivascular fat in the renal sinus appears to participate in vascular function,
modifying the blood flow in the underlying arteries. Obesity increases renal mass and
glomerular diameter. Podocytes need to enlarge their processes to cover an expanded area
that cause podocyte detachment, loss in protein selectivity, formation of denuded areas
that trigger matrix deposition, and podocyte damage.

Glomerular changes in obesity-induced renal injury are unmatched to those of diabetic
nephropathy, due to the lower severity in the first in the mesangial space changes. Patients
with diabetic nephropathy more frequently have albuminuria, proteinuria, and ESKD
compared to obesity induced nephropathy where the results are slower and the progression
to end renal disease is less frequent. Other causes of renal injury, apart from high fat intake,
could include overexpression of Ang II with a consequent increase in proliferative factors
such as transforming growth factor (TGF-β) and plasminogen activator inhibitor and
insulinemia giving genesis to cell growth. Hyperfiltration because of sodium reabsorption,
increase the blood flow to the kidney causing gradual glomerular wall sclerosis due to
physical shear stress and a dangerous circle starts in which nephrons are injured leading to
their apoptosis, sodium retention attenuates, while blood pressure increases to maintain
sodium balance. Proteinuria of nephrotic range is rare among the obese, but albuminuria
may exist [35,37]. These findings suggest that obesity-related renal damage should be
defined as a special form of focal-segmental glomerulosclerosis slowly progressing to
end stage renal disease. Patients with the metabolic syndrome have high prevalence
of microvascular disease manifested as tubular atrophy, interstitial fibrosis, and arterial
sclerosis [38].
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1.3. Mechanisms

The mechanisms of structural abnormalities of CKD are related to the obesity-
comorbidities, i.e., hypertension, insulin resistance, type 2 diabetes, and atherogenic dys-
lipidemia, that contribute to renal damage through mechanisms that include inflammation,
oxidative stress, RAAS upregulation, increased SNS activity, and endothelial dysfunction
that finally induce renal damage [39], Figure 1.

A. Hemodynamics
Activation of the sympathetic nervous system (SNS) has been thought to play an

important role in the pathogenesis of hypertension and CKD among obese individuals [40].
Plasma renin activity displayed significant increase in obesity and local perivascular adi-
pose tissue angiotensin II is also increased [33]. Angiotensin II raises the efferent arteriole
tone in the glomerulus, production of TGF-beta, fibrosis, and apoptosis of the podocytes.
In the early stages of kidney damage associated to obesity, e-GFR is increased due to the
hyperperfusion from volume overload. Intrarenal increased physical forces, generating
from fat accumulation around and into the renal medulla, diminish flow rate of the filtrate
at the loop of Henle and sodium retention is observed [33]. These early changes can be
reverted by weight loss, salt restriction, and renin-angiotensin system blockade.

Figure 1. Mechanisms of obesity induced renal damage. Modified from Kotsis V et al., J Hypertens. 2018 Jul; 36(7):1427–1440.

B. Inflammation
Chronic low-grade inflammation develops locally in the expanding adipose cells from

macrophage but becomes systemic through the release of pro-inflammatory mediators
that include cytokines into the blood stream. Elevated levels of free fatty acids (FFAs) in
obese individuals may enhance vascular a-adrenergic sensitivity, inhibit Na+, K+-ATPase
and the sodium pump increasing vascular smooth muscle tone and vascular resistance,
activate epidermal growth factor receptor, and produce reactive oxygen species and protein
kinase C. A variety of biologically active cytokines are produced in adipose cells, including
reactive oxygen species, proinflammatory and inflammatory molecules (interleukin-1β,
interleukin-6, tumor necrosis factor-α, C-reactive protein), angiogenetic factors (vascular
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endothelial growth factor), hemostasis modulating compounds (plasminogen activator
inhibitor-1, thromboxane A2), acute phase reaction proteins (serum amyloid A proteins,
C-reactive protein), and activation of nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-κB) and IκB kinase (IKK), pathways that promote endothelial dysfunction and
microvascular disease [33]. Different pathophysiological mechanisms may contribute to the
development of CKD from gut microbiota dysbiosis such as production of uremic toxins
mainly trimethylamine-N-oxide (TMAO), reduced prophylactic short-chain fatty acids,
enhanced inflammation and immune response, reduced nitric oxide (NO), and peptides
that block the angiotensin-I converting enzyme [41].

C. Hormones
Insulin resistance induces glomerular hyperfiltration, endothelial dysfunction, in-

creased vascular permeability, angiogenesis, and other pathways implicated in microvas-
cular damage that is associated with albuminuria [42]. Hyperglycemia activates pathways
that increase production of advanced glycation end-products (AGEs), activate protein
kinase C isoforms, and increase transforming growth factor β that enhances extracellular
matrix production by mesangial cells inducing renal fibrosis [43]. Podocytes block protein-
uria through arrangement of actin cytoskeleton in their foot processes. Decreased podocyte
number and podocyte foot process effacement have been reported in diabetic patients with
early phases of kidney damage. Insulin action in podocytes is critical for the glomerular
function and structure affecting morphology, cytoskeleton remodeling, and finally their
survival [44].

Leptin is a small peptide hormone that is produced in adipose tissue and increases in
the blood of obese subjects. The circulating leptin associates with adipose tissue mass and
regulates food intake through its hypothalamic actions that release other neurotransmitters.
Leptin can modify insulin actions, induce angiogenesis, reduce endothelial NO synthase,
and interact with the immune system. Leptin is cleared by the kidney and is increased
in patients with chronic renal failure associated with anorexia and weight loss in ESKD
patients. Leptin triggers glomerular endothelial cells secretion of TGF-beta, to which sensi-
tized mesangial cells may respond inducing development of focal glomerulosclerosis and
proteinuria [45]. Additional effects of leptin on the kidney include natriuresis, increased
sympathetic nervous activity, and stimulation of reactive oxygen species [33].

Adiponectin is an adipose tissue derived peptide hormone, reduced in obese sub-
jects, that acts as lipolytic factor and regulates insulin sensitivity. Adiponectin prevents
the atherogenic process by inhibiting foam-cell formation. Adiposity is characterized by
adiponectin deficiency. Plasma adiponectin levels are inversely related to insulin levels.
Adiponectin knockout mice demonstrate a diet dependent insulin resistance and atheroge-
nesis [33]. Adiponectin increases AMPK activity, reducing podocyte permeability [46,47].
Finally, resistin, an inflammatory adipokine produced by the monocyte macrophage cells,
is increased in patients with low GFR [48]. In adults with hypertension and diabetes,
circulating resistin levels were associated with reduced estimated glomerular filtration rate
and albuminuria [49].

1.4. Endothelial Dysfunction and Changes in Vascular Structure

Endothelial dysfunction plays an important role in the pathogenesis of CKD and albu-
minuria [50]. Insulin resistance, low levels of adiponectin, high plasma leptin, increased
levels of plasma glucose, and FFAs induce an inflammation profile that causes endothelial
dysfunction, which causes increased protein loss from the kidneys.

Nitric oxide (NO) is produced from the endothelium, promotes vasodilation, reduces
inflammation, and platelet aggregation. Phosphoinositide 3-kinase activation is causing
phosphorylation of endothelial NO synthase (e-NOs) that produce NO [51]. Obesity is
associated with reduced NO bioavailability. In the presence of insulin resistance this path-
way is down-regulated, while hyperinsulinemia increases endothelin-1 levels resulting
in imbalance between vasodilator and vasoconstrictor endothelium factors causing hy-
pertension [52,53]. Vascular cell adhesion molecule-1 (VCAM-1), inter-cellular adhesion
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molecule-1 (ICAM-1), and E-selectin increase monocyte adhesion to the vascular wall,
inducing atherosclerosis. These vascular factors promote a cycle that is causing renal
damage and hypertension [33].

2. Clinical Consequences

The clinical consequences of obesity on the kidneys, with or without metabolic abnor-
malities, involve both renal function and structures, Figure 2. Higher prevalence of urinary
albumin excretion, sub-nephrotic syndrome, nephrolithiasis, increased risk of developing
CKD, and progression to ESKD have been identified as being associated with obesity and
having a relevant clinical impact. In renal replacement therapy and kidney transplantation,
both the availability of donors and graft survival are also influenced by obesity. At the time
of estimating the association and the impact of obesity on renal disease, the presence of sar-
copenia, a not infrequent condition, can be misleading, since it can lead to underestimating
obesity [54]. Therefore, other parameters beyond BMI should be considered [55].

Figure 2. Obesity-associated structural lesions and functional disorders. FSGS: focal segmentary glomerulosclerosis.

2.1. Urinary Albumin Excretion and Proteinuria

In obese subjects, albuminuria is more frequent. A significant association of albumin-
uria with either obesity or central obesity has been reported [56–58], being higher in the
presence of central obesity. The presence of a cluster of cardiovascular risk factors increases
the risk [59].

Albuminuria associated with obesity has been observed in children and adoles-
cents. In moderate obese adolescents, the prevalence was reported at 2.4% [60]; how-
ever, in severe obesity, 3% displayed proteinuria, 14% microalbuminuria, and 3% had
a GFR <60 mL/min/1.73 m2 [61]. In addition, Goknar et al. [62] reported that severely
obese children had a higher number of urinary markers for tubular damage, such as
N-acetyl-beta-D-glucosaminidase (NAG), and kidney injury molecule (KIM)-1.

Even though the prevalence of albuminuria in the presence of obesity has been demon-
strated, this condition remains underdiagnosed due to the absence of clinical symptoms
and lack of specific search of low-grade albuminuria.

2.2. Sub-Nephrotic Syndrome

Obesity-related glomerulopathy is a characteristic syndrome which is categorized by
the presence of sub-nephrotic proteinuria, glomerulopathy, and renal function loss. Patients
usually do not have proteinuria at the level of nephrotic syndrome in 30% of subjects [63]
in which there is sub-nephrotic proteinuria in the absence of edema, hypoalbuminemia,
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and less hyperlipidemia. The reason for the differences between this syndrome and typical
nephrotic syndrome is the indolent development of compensating mechanisms over many
years. These mechanisms reduce or limit the systematic and metabolic impact, increasing
hepatic synthesis of albumin and other proteins [64]. This is in contrast with nephrotic
syndrome due to other etiologies. Biopsies in obese patients reveal glomerulomegaly
and some of them also develop an adaptive form of focal segmental glomerulosclerosis,
increasing the risk of progression to renal dysfunction [65].

2.3. Progression to CKD and ESRD

Obesity has been associated with a higher incidence of CKD defined by the presence
of albuminuria and/or GFR < 60 mL/min/1.73 m2 as compared to the non-obese popula-
tion [12,66–68]. The impact of obesity on conditions that favor the progressive decline of
renal function has been emphasized. Low birth weight children, low renal endowment,
subjects with reduced renal mass due to different origins, or with primary or secondary
renal damage, displayed an increased risk of progression toward CKD and ESKD in the
presence of obesity [69]. The role of metabolic abnormalities obesity-associated in the
increment of risk has received attention. While some studies support that the metabol-
ically healthy obese (MHO) do not have an increased risk of progression toward CKD
and ESKD [70,71], or even a reduction in risk [72]. However, other studies are more in
favour of MHO being the first stage of obesity [73] and that it is a question of time as to
the development of metabolic abnormalities and consequently an increased risk of the
development of renal dysfunction.

Individuals who are obese have a more than 3-fold higher risk of developing end-stage
kidney disease (ESKD) than those with normal bodyweight [74,75]. In a large cohort from
Austria, with a prevalence of obesity of 11.8%, 0.3% developed ESKD in a follow-up of
22 years and an increase of 5 points of BMI increased the risk by 56% [76]. In a cohort of
the Kaiser Permanent register with 320,252 subjects followed over 21 years, the hazard
risk for ESKD increased through the obesity grade 3.57, 6.10, and 7.07 for obesity 1 to III
respectively, as compared with normal weight subjects [74]. However, when the rate of
decline of renal function in CKD to develop ESKD was evaluated, controversial data had
been reported. While some studies reported a faster decline [77] in the presence of obesity,
other did not confirm [78].

2.4. Nephrolithiasis

Prevalence and incidence of nephrolithiasis is increased in obese subjects. Association
is facilitated by lower urinary pH, increased urinary oxalate, sodium and phosphate
excretion, and uric acid. Other factors such as the effect of insulin resistance on tubular H-
Na exchanger and ammoniagenesis promoting urine acidification have also been implicated
in the pathogenesis [79]. It is worth commenting that the risk increases after certain weight
loss therapies. In fact, after Roux-en-Y, gastric bypass absorption of oxalate in the intestine
largely increases and the risk of nephrolithiasis needs to be prevented by reducing dietary
oxalate consumption and oral calcium supplementation.

2.5. Renal Replacement Therapy

The increasing prevalence of obesity produces a challenge for optimal care of patients
in renal replacement therapy, in both hemo- and peritoneal dialysis [80]. In the case of
hemodialysis, at 3 years, adiposity of the subcutaneous tissue produced problems with
vascular access and a reduction in the catheter functionality. Moreover, in obese subjects,
increased dialysis time or frequency is necessary, and it is more difficult to achieve the dry
weight. Proximal calciphylaxis is more frequent in obese than in lean patients. In patients
on peritoneal dialysis, catheter malfunction and exit site infections are more prevalent in
obese subjects. In some patients with severe adiposity, a prophylactic omentectomy could
be useful. In addition, patients with advanced CKD, especially those undergoing dialysis,
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tend to have severe nutritional disorders, protein-energy wasting, and the presence of
obesity may be better in this population, an obesity paradox [81].

2.6. Kidney Transplantation

In the past, obesity was a contraindication for kidney transplantation if weight was not
reduced. Despite the fact that cut-off limits have increased, even until a BMI of 40 kg/m2,
obesity is still one of the leading causes of being inactive on the transplant list. The reason
for this is that obese subject recipients of transplantation have increased rates of delayed
graft function, wound infection, and rejection.

It is also relevant to note the impact of obesity on the living kidney donor pool and
the acceptance of organs from obese subjects. In the former, there is a risk for the donor
and recipient, since a mass reduction in an obese subject puts them at risk for future ESKD
and in the latter, delayed graft function is more frequent if the donor is obese. According to
KDIGO recommendations, an individualized decision should be made for a living donor if
the BMI > 30 kg/m2 due to the risk for future development of hypertension, diabetes as
well as ESKD [82].

2.7. Renal Cancer

Obesity has been associated with an increased risk of kidney malignancy. Several
studies have concluded the increment of risk associated with obesity and it has been
estimated that 20% of renal cancer patients were obese. The risk of kidney cancer was
increased by 35% in overweight participants and by 76% in obese subjects in comparison
to normal weight participants, irrespective of the gender [83]. The association is consistent
in both sexes and across populations; however, no clear explanation for the pathogenesis
has been found.

2.8. Fatty Kidney

Accumulation of ectopic fat in the kidney is receiving more attention in the last years
and will increase with the development of techniques that allow for a better estimation
than the classical echography and CT-scan. Apart from intra-renal accumulation in the
proximal tubule and in minor grade in the glomeruli, fat in the renal sinus and around the
renal capsule seems to play a role in the renal dysfunction of the obese patient. Renal sinus
fat has been associated with CKD in the Framingham Heart Study [84]. Moreover, perirenal
fat seems to produce lipotoxic effects on the kidney, increasing the glomerular hydrostatic
pressure and the activity of the renin-angiotensin-aldosterone system, contributing to the
progression of kidney damage [85].

2.9. Other Obesity-Associated Conditions and Renal Damage

Two frequent complications of obesity seem to further increase the risk of renal
damage. First is sleep-apnea and nocturnal hypoxemia, which have been associated with
loss of kidney function through activation of the renin-angiotensin system [86]. Second
is non-alcoholic fatty liver disease (NAFLD). In a meta-analysis of 33 studies, NAFLD,
non-alcoholic steatohepatitis, and advanced fibrosis were associated with an increased risk
of prevalence and incidence of CKD, with a graded risk from the presence to the severity
of NAFLD [87].

3. Treatment of Obesity and Renal Damage

Losing weight is key in limiting the impact that obesity produces on the kidneys
by reducing albuminuria/proteinuria, declining rate of eGFR deterioration, delaying the
development of CKD and ESKD and improving the outcome of a renal transplant. The
resulting effects due to weight reduction are multiple. Aside from a reduction in BP as well
as control of other CV risk factors, reduction of leptin, glomerular hyperfiltration, RAAS
activity, inflammation, and oxidative stress seem to be the most relevant. Considering the
characteristic hyperfiltration hemodynamic profile and the relevance of hyperfiltration-
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mediated conditions in obesity-induced renal damage, reduction in filtration fraction is
the main mechanism that provides a beneficial impact to the subject who has lost weight.
In addition, a reduction in the activity of the RAAS has also been observed [88]. Weight
reduction may also contribute to appropriate control of cardiometabolic risk factors such
as hypertension, metabolic syndrome, diabetes, and dyslipidemia which may be protective
not only in renal damage but also cardiovascular disease [89].

3.1. Life Style Intervention

Patients with obesity, particularly those with markers of renal injury (albuminuria/
tubular markers or eGFR < 60 mL/min/1.73 m2), need to be encouraged to lose weight
through a combination of diet and physical exercise. If addressed early, a low-calorie diet,
with or without physical exercise, is able to reduce albuminuria with a decrease being
proportional to the reduced weight. Weight loss achieved through a combination of diet
and exercise has also had beneficial effects on the reduction in urinary protein excretion.
After diet introduction, it is possible to observe UAE reduction in a few weeks. In a
control trial, which lasted for five months, a 4% weight reduction decreased proteinuria
in around 50% of subjects [90]. However, data on slowing the progression to CKD were
less documented due to difficulties in assessing the outcomes [91,92] and the short-term
duration of the studies [55].

A low-calorie diet with salt restriction is recommended since it can contribute to
BP reduction [55]. Further salt intake reduction should be implemented if proteinuria is
present. Addition of fibre in the diet promotes growth of short-chain fatty acid producing
bacteria that have been demonstrated to reduce all-cause mortality in CKD [93] and there
seem to be promising results regarding preclinical CKD risk [94]. A high-protein diet is not
recommended since it increases GFR and UAE.

A recent manuscript reviewed the randomized clinical trials of lifestyle intervention
in patients with CKD [55]. Diet intervention with low-calorie and salt restriction reduce
weight and albuminuria; however, no convincing data exist for other specific dietary
pattern such as low fat, low carbohydrate, or a Mediterranean diet. Studies performed on
the impact of physical exercise demonstrated a reduction in BP, BMI, and improvement in
exercise capacity and quality of life; however, no reduction in albuminuria was observed.
The limitation of losing weight with lifestyle is that the maximal reduction achieved is 3
to 4% and the maintenance overtime is poor, therefore other additional actions need to be
implemented.

3.2. Medications

RAAS blockers
In the presence of albuminuria or proteinuria, RAAS blockers should be prescribed to

reduce not only the overactivity of the system but also the sympathetic overactivity, HTN,
insulin resistance, and low-grade inflammation. The most important effect is to reduce the
filtration fraction and consequently albuminuria; however, in CKD patients the reduction
in eGFR should be monitored after starting treatment.

Antiobese-drugs
Of the drugs approved for treatment of obesity, Phentermine-Topiramate, GLP-1 re-

ceptor agonist, and Bupropion-Naltresone, mainly data about the impact on renal function
is available for the GLP1 agonist. This class of drug has been tested for renal protection in
diabetic patients. Liraglutide, a GLP1 agonist, introduced initially as a glucose-lowering
drug with impact in body-weight, is able to reduce weight and in a recent trial, LEADER,
demonstrated reduction in CV risk [95]. A significant decrease in albuminuria, new on-
set of persistent proteinuria, and no progression of eGFR decline have been reported in
diabetic patients. SUSTAIN-6 with semaglutide [96], another member of the GLP1 agonist
class, reduces the risk of composite renal outcome largely driven by persistent proteinuria.
However, Dulaglutide in the AWARD-7 [97] did not find differences in the reduction of
albuminuria. Topiramate in one study did not demonstrate a beneficial impact on re-
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nal outcomes in Type 2 diabetes. Lorcaserin, a selective serotonin 2C receptor, in high
cardiovascular risk patients, offered a reduced rate of renal impairment in comparison
with placebo [98]. The beneficial impact of GLP1 is that it may protect the kidney from
progression to CKD and/or ESKD.

Sodium-glucose cotransporter 2 inhibitors
Sodium-glucose cotransporter 2 inhibitor (SGLT2i) is a class of drug released in the last

years with a mechanism that produces various beneficial effects in patients with diabetes,
obesity, and cardio and renal protection. Inhibition of glucose reabsorption in the proximal
tubule produce glucosuria, reducing the caloric burden and the sodium content with re-
duction of blood volume, and increasing the sodium arrival to the yuxtaglomerular corpus,
inhibiting the hyperactivity of the renal angiotensin system and reducing the filtration
fraction, giving protection to the kidney [99]. As a consequence, slightly reduced weight,
reduced BP, and the GFR that results can protect of renal function at large. Additional
mechanisms in NH3, sympathetic activity, and oxidative stress with beneficial effects
complete a frame of a very useful drug. Several outcome trials supported the beneficial
impact of the drug in the cardiovascular and renal outcomes [100–103]. The last European
of Society of Cardiology and the European Society of Diabetes (ESC/EASD) recommended
introduction of SGLT2i in the first step of diabetic patients with very high risk or previ-
ous cardiovascular events [104]. In patients with obesity associated diabetes, it may be a
good choice in order to protect renal function. The same applies in obese subjects with
increased urinary albumin excretion or proteinuria. However, in patients with reduced
GFR the efficacy of the drug is reduced and the impact on protection is diminished. As
GFR < 45 mL/min/1.73 m2 is almost negligible, it is a challenge to their use. The beneficial
impact observed in patients with GFR between 30–45 mL/min/1.73 m2 in trials and the
absence of side effect point to their use off-label [105].

3.3. Bariatric Surgery

Bariatric surgery, also so-called metabolic surgery, refers to methods used to reduce
obesity and improve metabolic abnormalities. The most used techniques are the vertical
sleeve gastrectomy, Roux-en-Y gastric bypass, adjustable gastric banding, and biliopan-
creatic diversion/duodenal switch. Selection of the most appropriate procedure needs to
consider not only the morbidity/mortality risk during the procedures but also the potential
side effects during follow-up [82]. The surgical treatment of obesity improved management
of diabetic and non-diabetic CKD and reduced the rate of renal decline toward ESKD.
Once ESKD is established, absolute event rates are low and although complications can
be present, it remains a safe intervention. Implementing one of the above surgeries pre-
transplant increases the potential access to transplantation and, in addition, improves
the management of metabolic complications post-transplantation, including new-onset
diabetes. Likewise, this may be beneficial as a treatment for potential obese donors [82].

A beneficial impact on obese patients with type 2 diabetes in kidney protection
has been emphasized. A large metanalysis concluded that post-surgical reduction in
albuminuria is independent of the changes in BMI, HbA1c, and systolic BP [106]. In non-
diabetic subjects, randomized studies are not available, but many observational studies
have demonstrated the beneficial impact in reducing incidence of albuminuria and the
risk for ESKD after an 18 year follow-up [107]. In CKD patients, at the end of the first year
post-surgery [108] and after 7 years of follow-up, improvement in the categories of CKD
were observed in around half of the patients, and even in patients with very high risk at
baseline a quarter of them improved [109].

In patients with ESKD in dialysis, before kidney transplantation, bariatric surgery
had a reduction in mortality, incidence of diabetes, and around 60% of cardiac diseases.
The preferred method in dialysis patients is the laparoscopic sleeve gastrectomy in which
results are more effective with less complications and with the additional advantage of not
interfering with pharmacokinetics of immunosuppression drugs [110].
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Increment in the incidence of kidney stones has been reported associated with bariatric
surgery. Among the factors that contribute to this association are the decrease in urinary
volume and citrate, the increased urinary oxalate, and the calcium oxalate saturation.
Procedure selection may be critical to mitigate the risks of oxalate nephropathy since more
restrictive procedures reduce the risk [111].

4. Conclusions

The impact of obesity on the kidney has received attention after the recognition that
BMI is the second most important marker in developing ESKD after proteinuria and one
of the most relevant associated with the presence of CKD, since obesity is frequently
associated with hypertension, metabolic syndrome, and diabetes. An important impact
on subjects with renal replacement therapy and renal transplantation is also present. The
pathologic lesions included a characteristic glomerulopathy coupled with cellular fat load
and perivascular fat deposit as well as so-called fatty kidney with fat deposits in the
perirenal and renal sinus. The mechanisms linking obesity and renal damage are well
understood, including several effector mechanisms with interconnected pathways. In the
presence of an increment in urinary albumin excretion, it is mandatory to take action in
order to reduce overweight and to control hypertension, diabetes, and dyslipidemia to
further prevent GFR reduction.
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Abstract: Background. The COVID-19 lockdown has had a significant impact on mental health.
Patients with eating disorders (ED) have been particularly vulnerable. Aims. (1) To explore changes
in eating-related symptoms and general psychopathology during lockdown in patients with an ED
from various European and Asian countries; and (2) to assess differences related to diagnostic ED
subtypes, age, and geography. Methods. The sample comprised 829 participants, diagnosed with
an ED according to DSM-5 criteria from specialized ED units in Europe and Asia. Participants were
assessed using the COVID-19 Isolation Scale (CIES). Results. Patients with binge eating disorder
(BED) experienced the highest impact on weight and ED symptoms in comparison with other ED
subtypes during lockdown, whereas individuals with other specified feeding and eating disorders
(OFSED) had greater deterioration in general psychological functioning than subjects with other ED
subtypes. Finally, Asian and younger individuals appeared to be more resilient. Conclusions. The
psychopathological changes in ED patients during the COVID-19 lockdown varied by cultural context
and individual variation in age and ED diagnosis. Clinical services may need to target preventive
measures and adapt therapeutic approaches for the most vulnerable patients.

Keywords: eating disorders; COVID-19 lockdown; COVID-19 Isolation Eating Scale (CIES); eating
symptoms; psychological impact

1. Introduction

The COVID-19 pandemic has been a challenge for governments and health care
professionals. The lockdown has been a worldwide response to control the spread of the
disease. Although the measures taken have been effective in reducing the transmission
of the infection, health professionals have expressed concerns about the mental health
consequences that can result from social isolation and restrictions to daily life [1–3].

The psychological impact of lockdown in history and in the current context has been
considered [4]. Higher levels of negative emotions such as anxiety, depression, anger,
guilt or even posttraumatic stress symptoms have been reported [4,5]. A more profound
impact has been observed in individuals with chronic diseases and mental illness [1,6,7].
Patients with eating disorders (ED) have been found to be at risk of adverse psychological
consequences in the context of the COVID-19 pandemic [8,9].

Several studies have highlighted the emotional distress due to lockdown in patients
with an ED, reporting high levels of anxiety, depression, and post-stress traumatic symp-
toms that may persist after lockdown [10–12]. Social distancing might obstruct adaptive
strategies to deal with psychological distress [3,9,13] and maladaptive coping strategies,
such as engaging in substance abuse and potentially addictive behaviors (e.g., gaming),
may be adopted [14,15].
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Changes in eating behaviors, exercise and weight/body mass index (BMI) have been
detected both in the general population and in patients with an ED [16,17]. Emotional dis-
turbances secondary to environmental changes and “food insecurity” have been considered
as some possible explanatory factors [17–19]. Reduced social support, low self-direction,
childhood trauma, and insecure attachment or difficulties in emotion regulation are vulner-
ability factors leading to psychological distress in lockdown, which can be associated with
disturbed eating patterns [11,20–23].

Increased dietary restriction and physical activity in patients with anorexia nervosa
(AN) or higher frequency of binge episodes among patients with bulimia nervosa (BN)
and binge eating disorder (BED) have been reported during lockdown [10,11,21,24,25].
However, there are few studies focusing on the evolution of ED symptoms after lockdown
and these have yielded mixed results [10,11]. A differential impact on eating and general
psychopathology has been assessed in patients with an ED when compared with the
general population [11,16]. This may vary with the ED subtype [26]. Moreover, age may be
a possible factor to consider when evaluating clinical changes in the context of lockdown.
In this line, younger age [1,7], together with cultural and socio-demographic factors may
modulate them [27,28].

In order to assess the global effect of lockdown due to the COVID-19 pandemic in
patients with a current diagnosis of ED, an international group of clinical and research
experts developed the COVID Isolation Eating Scale (CIES), which has been translated in
nineteen languages [26]. The study by Fernandez-Aranda, Munguía et al. [26] provided
evidence of the psychometric robustness of the Spanish version of the CIES, with an ade-
quate goodness-of-fit for the confirmatory factor analysis and good to excellent Cronbach
alpha values. Preliminary data suggested that the effects of lockdown differed between
ED subtypes, whereby patients with other specified feeding and eating disorders (OSFED)
reported the highest global impairment [26].

To the best of our knowledge, this is the first observational study to analyze clinical
changes in patients with ED longitudinally during lockdown, from a multicenter and
international perspective. Both child/adolescent and adult populations were assessed
using the CIES. The aims of the present study were: (1) to explore eating symptoms and
behavioral changes, as well as other psychopathological features in the context of lockdown,
and (2) to examine whether ED subtypes, age and geography moderated this effect.

2. Materials and Methods

2.1. Participants

The sample comprised N = 829 participants, from European (Spain, n = 300; Austria,
n = 43; Germany, n = 103; Russia, n = 119; Portugal, n = 28; Lithuania, n = 23; Czech
Republic, n = 50; Ukraine, n = 10) and Asian (China, n = 92; Korea, n = 50; Japan, n = 11)
private and public ED units. Participants were diagnosed according to DSM-5 criteria [29]
by expert clinical psychologists and psychiatrists using a semi-structured clinical interview
(SCID-5) [30].

2.2. Assessment

The COVID Isolation Eating Scale (CIES) [26] is a self-report questionnaire that assesses
the impact of lockdown on patients with ED and/or obesity and has been translated in
19 languages [26]. Supplementary Material contains the English version of the scale. It is
composed of 4 subscales:

I. Circumstances of the lockdown (eight items).
II. Effects of the lockdown on eating symptoms (thirteen items): it evaluates symptoma-

tology of AN, BN, BED and OSFED, according with the DSM-5. Comorbidity with
other psychiatric disorders or diabetes is assessed.

III. Reaction to the lockdown (34 items): it evaluates the effects of the confinement
on eating behaviors, attitudes and habits, anxious-depressive symptoms, emotion
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dysregulation, and other symptomatology associated with substance use disorders
and behavioral addictions.

IV. The evaluation of remote interventions (thirteen items) assesses acceptance, general
satisfaction, and motivation for virtual interventions.

The last three subscales are answered in a five-point Likert scale. Sections 2 and 3
consider two moments of time, before confinement and the current moment of time.

According to the factorial analysis [26], five factors were identified. Factor 1 was
defined by the items measuring eating related symptoms; Factor 2 by the items measuring
the effects of lockdown on the eating-related style; Factor 3 by the items assessing anxiety
and depressive symptoms; Factor 4 was defined by the items related to emotion regulation;
and Factor 5 by those that evaluate telemedicine.

Only the subscales I, II and III (that correspond to the factor 1, 2, 3 and 4) were used in
this study. Therefore, no results referring to the acceptance of virtual are reported (subscale
4, factor 5).

2.3. Additional Assessment

Socio-demographic and clinical information (i.e., age, ED subtype, and variables
related to COVID-19 and lockdown) were also obtained through the CIES questionnaire.

2.4. Procedure

All the participants were already involved in outpatient ED treatment in specialized
units of the different countries. The subjects were asked by therapists from each center
to voluntarily complete the study questionnaire (i.e., CIES), translated into participants’
languages [26]. Data collection took place retrospectively between August 2020 and Jan-
uary 2021.

The study was approved by the Clinical Research Ethics Committee of the leading
University Hospital (Bellvitge University Hospital) (PR239/20), and informed written
consent was obtained from all participants.

2.5. Statistical Analysis

Statistical analysis was performed with Stata17 for Windows [31]. The assessment
of the pre-post changes in the quantitative measures was carried out through repeated
measures analysis of variance (repeated-ANOVA), while the McNemar test was used for
paired nominal data.

Additionally, the differences post-pre values were generated for the scores registered
in the CIES, and for the weight (kg) and the BMI (kg/m2) (values equal to zero in these new
variables indicate absence of change; negative values indicate a decreasing pre-post change;
and positive values indicate an increasing pre-post change). Next, ANOVA procedures
compared the mean differences between the diagnostic subtypes, the groups of age, and
the continent.

In this study, the statistical analyses were adjusted by the sociodemographic sex and
age, due to the differences between the groups (defined by the diagnostic subtypes and
the origin of the samples).The effect size was estimated with Cohen’s-h coefficient for the
differences between the proportions and with Cohen’s-d for the differences between the
means (null effect size was considered for |h| < 0.20 or |d| < 0.20, low-poor for |h| > 0.20
or |d| > 0.20, moderate-medium for |h| > 0.50 or |d| > 0.50 and large-high for |h| > 0.80
or |d| > 0.80) [32,33]. Finner’s method controlled the increase in the Type-I error due the
use of multiple significance tests [34].

3. Results

3.1. Characteristics of the Participants

Table S1 (Supplementary Material) displays sociodemographic and clinical character-
istic of the sample during the lockdown, as well as the comparison between the diagnostic
types, the age groups, and the different continents. For the total sample, the mean age
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was 27.9 years old (SD = 12.3). Most participants were women (70.4%), lived with other
people during the lockdown (78.9%), did not have to take care of others (73.8%), were not
infected with COVID-19 (92.8%), did not know anyone close to them who was infected with
COVID-19 (84.8%), were working (53.8%), and reported a minimal financial loss (73.5%).

3.2. Comparison between Diagnostic Subtypes of Changes Pre to Post Lockdown

Table 1 contains the changes in the CIES subscales scores between the pre- and post-
lockdown within each diagnostic subtype. After adjusting by sex and age, patients with
AN reported a significant worsening in eating style and alcohol use. Patients with BN had
an increase in weight, and a decrease in ED symptoms, but emotion dysregulation and
alcohol use were increased. Individuals with BED reported increased weight, an impaired
eating style and had an increase in anxiety-depression symptoms. The group with OSFED
reported an increase in anxiety-depression symptoms and emotion dysregulation.

Table 1. Assessment of the post-pre changes stratified by ED subtype.

Pre Post

Anorexia (n = 370) Mean SD Mean SD p |d|
Weight (kg) 48.29 9.02 48.27 8.23 0.954 0.00

BMI (kg/m2) 17.92 3.06 17.94 3.00 0.862 0.01
CIES-F1 ED symptoms 13.94 6.93 13.32 7.46 0.089 0.09

CIES-F2 Eating style 10.96 8.75 9.98 8.71 0.005 * 0.11
CIES-F3 Anxiety-depression 17.20 9.62 17.93 9.85 0.089 0.07

CIES-F4 Emotion dysregulation 8.51 5.09 8.27 5.26 0.247 0.05
n % n % p |h|

Tobacco 52 14.1% 52 14.1% 1.00 0.00
Alcohol 57 15.4% 38 10.3% 0.001 * 0.15

Other illegal drugs 33 8.9% 26 7.0% 0.143 0.07
Behavioral addictions 244 65.9% 242 65.4% 0.875 0.01

Bulimia (n = 148) Mean SD Mean SD p |d|
Weight (kg) 61.09 14.52 62.26 13.89 0.026 * 0.08

BMI (kg/m2) 22.27 5.07 22.70 4.84 0.025 * 0.09
CIES-F1 ED symptoms 19.78 6.82 18.39 7.16 0.048 * 0.20

CIES-F2 Eating style 21.96 10.15 20.28 10.79 0.073 0.16
CIES-F3 Anxiety-depression 20.36 9.02 20.84 9.61 0.467 0.05

CIES-F4 Emotion dysregulation 9.91 4.83 9.22 5.28 0.045 * 0.14
n % n % p |h|

Tobacco 42 28.4% 46 31.1% 0.388 0.06
Alcohol 62 41.9% 45 30.4% <0.001 * 0.24

Other illegal drugs 30 20.3% 22 14.9% 0.115 0.14
Behavioral addictions 108 73.0% 106 71.6% 0.839 0.03

BED (n = 113) Mean SD Mean SD p |d|
Weight (kg) 95.27 33.79 99.18 31.49 <0.001 * 0.12

BMI (kg/m2) 33.63 10.38 35.08 9.63 <0.001 * 0.14
CIES-F1 ED symptoms 14.10 7.26 14.57 6.72 0.449 0.07

CIES-F2 Eating style 20.88 11.30 18.86 11.60 0.010 * 0.18
CIES-F3 Anxiety-depression 17.66 10.37 19.45 11.37 0.004 * 0.16

CIES-F4 Emotion dysregulation 8.99 5.91 8.88 5.87 0.745 0.02
n % n % p |d|

Tobacco 29 25.7% 28 24.8% 1.00 0.02
Alcohol 36 31.9% 31 27.4% 0.405 0.10

Other illegal drugs 18 15.9% 13 11.5% 0.332 0.13
Behavioral addictions 73 64.6% 79 69.9% 0.263 0.11
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Table 1. Cont.

Pre Post

OSFED (n = 198) Mean SD Mean SD p |d|
Weight (kg) 81.68 25.86 82.25 26.29 0.280 0.02

BMI (kg/m2) 28.58 8.06 28.77 8.13 0.340 0.02
CIES-F1 ED symptoms 13.74 5.95 13.35 5.70 0.266 0.07

CIES-F2 Eating style 13.94 9.14 13.99 9.12 0.924 0.00
CIES-F3 Anxiety-depression 13.99 10.03 16.17 10.90 <0.001 * 0.21

CIES-F4 Emotion dysregulation 6.73 5.08 7.80 5.86 <0.001 * 0.20
n % n % p |h|

Tobacco 58 29.3% 65 32.8% 0.092 0.08
Alcohol 57 28.8% 51 25.8% 0.286 0.07

Other illegal drugs 13 6.6% 16 8.1% 0.629 0.06
Behavioral addictions 123 62.1% 131 66.2% 0.152 0.08

BMI: body mass index. BED: binge eating disorder. OSFED: other specified feeding eating disorders. SD: standard
deviation. * Bold: significant comparison. Results adjusted by sex and age.

Table 2 shows the comparison between the diagnostic ED subtypes for post-pre
changes (defined as the difference between the measures at the end of the follow-up
and the post lockdown versus the pre lockdown). The first line-plot displayed in Figure 1
also contains the mean changes within each measure (mean values close to the horizontal
line at value 0 represent absence of pre-post changes). After adjusting by sex and age,
compared with other groups, patients with BED were characterized by the highest increase
in weight, BMI, and the CIES-F1 ED symptoms. For the CIES-F2 eating style, BED and BN
achieved statistically equal changes, which represented a higher decrease compared with
AN, and OSFED. For CIES-F3 anxiety-depression and CIES-F4 emotional dysregulation,
OSFED registered the highest increase compared with the other diagnostic conditions.

 

-0.3
-0.1

-0.4

-0.6

1.2

0.0

1.1

0.4

-1.3 -1.6

0.6

-0.6

4.2

1.6

0.3

-2.4

1.3

-0.3

1.0

0.3

-0.7

-0.5

1.5

0.8

-4

-3

-2

-1

0

1

2

3

4
AN BN
BED OSFED

In
cr

ea
se

De
cr

ea
se

1.0

0.4

-1.3

-2.7

-0.1

-0.4

1.5

0.6

-0.4

-0.9

1.4

0.0

-3

-2

-1

0

1

2
Young/adoles.
Adults

In
cr

ea
se

De
cr

ea
se

1.3

0.5
0.0

-1.4

1.4

0.0

2.4

0.9

-2.4

-0.9

0.2

-0.4

-3

-2

-1

0

1

2

3 Europe
Asia

In
cr

ea
se

De
cr

ea
se

Figure 1. Differences (post-pre changes) for the weight, the BMI and the CIES factors.
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Table 2. Comparison of the post-pre differences by the ED subtype.

Anorexia (AN) Bulimia (BN) BED OSFED Significant
n = 370 n = 148 n = 113 n = 198 Pairwise

Mean SD Mean SD Mean SD Mean SD Comparisons

Weight (kg) −0.32 6.66 1.10 6.32 4.22 11.58 1.02 7.43 BED �= (AN = BN = OSFED)
BMI (kg/m2) −0.09 2.54 0.40 2.31 1.55 4.13 0.35 2.71 BED �= (AN = BN = OSFED)

CIES-F1 ED symptoms −0.43 7.03 −1.32 8.52 0.26 6.54 −0.67 4.90 BED �= (AN = BN = OSFED)
CIES-F2 Eating style −0.60 6.72 −1.58 11.34 −2.42 8.12 −0.52 6.69 (BED = BN) �= (AN = OSFED)

CIES-F3 Anxiety-dep. 1.19 8.28 0.65 8.28 1.28 6.53 1.47 7.04 OSFED �= (AN = BN = BED)
CIES-F4 Emot.dysreg. −0.03 4.06 −0.62 4.25 −0.34 3.73 0.75 3.94 OSFED �= (AN = BN = BED)

BMI: body mass index. BED: binge eating disorder. OSFED: other specified feeding eating disorders. SD: standard
deviation.

3.3. Comparison between the Groups of Age for the Changes during the Lockdown

Table 3 contains the results of the repeated-ANOVA assessing the changes between
the pre- and post-lockdown within each age group (young/adolescents versus adults).
These analyses were adjusted by the ED subtype and sex. Among young/adolescents, a
significant decrease was observed for the CIES-F2 eating style. Adult patients reported
increased weight, BMI and CIES-F3 anxiety-depression symptoms, decreased CIES-F2
eating style, and the likelihood of alcohol and other illegal drug use.

Table 3. Assessment of the post-pre changes stratified by groups of age.

Pre Post

Age: young/adolescents (n = 172) Mean SD Mean SD p |d|
Weight (kg) 63.49 13.52 65.44 13.51 0.073 0.14

BMI (kg/m2) 22.74 4.00 23.37 3.97 0.119 0.16
CIES-F1 ED symptoms 14.83 6.73 13.32 7.52 0.213 0.21

CIES-F2 Eating style 16.54 9.23 12.75 8.60 0.003 * 0.43
CIES-F3 Anxiety-depression symptoms 15.96 8.89 15.46 8.83 0.701 0.06

CIES-F4 Emotion dysregulation 8.84 5.24 8.39 5.33 0.537 0.09
n % n % p |h|

Tobacco 14 9.6% 16 11.1% 0.566 0.05
Alcohol 18 9.7% 9 3.1% 0.118 0.28

Other illegal drugs 9 6.0% 8 5.8% 0.945 0.01
Behavioral addictions 125 79.7% 127 80.1% 0.948 0.01

Age: adults (n = 657) Mean SD Mean SD p |d|
Weight (kg) 72.18 27.82 73.62 27.96 <0.001 * 0.05

BMI (kg/m2) 25.79 9.00 26.32 9.10 <0.001 * 0.06
CIES-F1 ED symptoms 15.54 7.14 15.22 6.96 0.237 0.04

CIES-F2 Eating style 17.17 10.60 16.32 10.52 0.008 * 0.08
CIES-F3 Anxiety-depression symptoms 17.69 10.13 19.26 10.57 <0.001 * 0.15

CIES-F4 Emotion dysregulation 8.61 5.27 8.70 5.53 0.546 0.02
n % n % p |h|

Tobacco 167 26.2% 175 27.4% 0.235 0.03
Alcohol 194 31.4% 156 25.4% <0.001 * 0.13

Other illegal drugs 85 13.9% 69 11.0% 0.025 * 0.09
Behavioral addictions 423 65.0% 431 66.6% 0.272 0.03

BMI: body mass index. SD: standard deviation. * Bold: significant comparison. Results adjusted by ED subtype
and sex.

The results of the ANOVA procedures comparing between the age group the differ-
ences generated between the values measured at post- and pre-lockdown are shown in
Table 4 (ANOVA procedures adjusted by the ED subtype and sex) (see also the second
line-plot of Figure 1). Statistical differences were achieved by comparing the mean changes
in the CIES-F2 eating style and the CIES-F3 anxiety-depression symptoms.
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Table 4. Comparison of the post-pre differences by the groups of age.

Young/Adolescents Adults
n = 172 n = 657

Mean SD Mean SD p |d|

Weight (kg) 0.99 7.16 1.50 7.86 0.480 0.07
BMI (kg/m2) 0.36 2.66 0.56 2.89 0.471 0.04

CIES-F1 ED symptoms −1.30 7.94 −0.39 6.50 0.154 0.13
CIES-F2 Eating style −2.71 8.17 −0.93 7.85 0.017 * 0.22

CIES-F3 Anxiety-depression
symptoms −0.13 8.55 1.43 7.52 0.030 * 0.19

CIES-F4 Emotion dysregulation −0.37 4.77 0.03 3.84 0.289 0.09
BMI: body mass index. SD: standard deviation. * Bold: significant comparison. Results adjusted by ED subtype
and sex.

3.4. Comparison between Continents for the Changes during the Lockdown

Table 5 contains the results of the repeated-ANOVA (adjusted by the ED subtype,
sex, and age) assessing the changes between the pre- and post-lockdown in the weight,
the BMI and the CIES scores. Separated/stratified analyses have been performed within
each continent (Europe and Asia). Among the European patients, a significant increase
was observed in weight, BMI and the CIES-F3 anxiety-depression symptoms. Besides, a
significant decrease in the CIES-F2 eating style and in the likelihood of alcohol and other
illegal drug use was reported. In Asian patients, while an increase in weight and BMI was
obtained, a decrease in the CIES-F1 ED symptoms was found.

Table 5. Assessment of the post-pre changes stratified by continent.

Pre Post

Europe (n = 676) Mean SD Mean SD p |d|
Weight (kg) 72.99 27.78 74.20 28.24 0.001 * 0.04

BMI (kg/m2) 26.06 8.95 26.49 9.14 0.001 * 0.05
CIES-F1 ED symptoms 14.94 6.61 15.09 7.06 0.587 0.02

CIES-F2 Eating style 16.29 9.73 15.03 9.82 <0.001 * 0.13
CIES-F3 Anxiety-depression symptoms 17.00 9.65 18.51 10.34 <0.001 * 0.15

CIES-F4 Emotion dysregulation 8.54 5.13 8.58 5.46 0.805 0.01
n % n % p |h|

Tobacco 166 28.2% 173 29.3% 0.306 0.02
Alcohol 172 30.8% 132 22.9% <0.001 * 0.18

Other illegal drugs 75 14.5% 58 10.2% 0.003 * 0.13
Behavioral addictions 440 66.9% 452 68.4% 0.209 0.03

Asia (n=153) Mean SD Mean SD p |d|
Weight (kg) 56.19 15.41 58.01 14.99 0.038 * 0.12

BMI (kg/m2) 20.79 4.95 21.51 4.91 0.030 * 0.15
CIES-F1 ED symptoms 17.91 8.14 15.55 7.53 0.006 * 0.30

CIES-F2 Eating style 19.78 12.44 18.61 12.15 0.314 0.10
CIES-F3 Anxiety-depression symptoms 19.02 10.74 19.13 10.59 0.899 0.01

CIES-F4 Emotion dysregulation 9.13 5.75 8.61 5.73 0.241 0.09
n % n % p |h|

Tobacco 15 12.0% 18 14.6% 0.167 0.08
Alcohol 40 28.6% 33 25.6% 0.354 0.07

Other illegal drugs 19 13.6% 19 14.4% 0.736 0.02
Behavioral addictions 108 68.0% 106 73.0% 0.284 0.11

BMI: body mass index. SD: standard deviation. * Bold: significant comparison. Results adjusted by ED subtype,
sex, and age.

Finally, the results of the ANOVA comparing the differences post- and pre-lockdown
between the geographical area are shown in Table 6 (results adjusted by the ED subtype,
sex, and age) (see also the third line-plot of Figure 1). Statistical differences were achieved
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comparing the mean changes in the CIES-F1 ED symptoms (higher decrease for Asian
patients).

Table 6. Comparison of the post-pre differences by continent.

Europe Asia
n = 676 n = 153

Mean SD Mean SD p |d|

Weight (kg) 1.27 7.47 2.37 8.73 0.138 0.13
BMI (kg/m2) 0.46 2.73 0.91 3.28 0.100 0.15

CIES-F1 ED symptoms −0.04 6.32 −2.40 8.43 <0.001 * 0.32
CIES-F2 Eating style −1.37 6.90 −0.95 11.48 0.583 0.04

CIES-F3 Anxiety-depression
symptoms 1.40 7.54 0.22 8.62 0.113 0.15

CIES-F4 Emotion dysregulation 0.02 3.94 −0.37 4.47 0.309 0.09
BMI: body mass index. SD: standard deviation. * Bold: significant comparison. Results adjusted by ED subtype,
sex, and age.

4. Discussion

The aim of this study was to compare the psychopathological effects in the context of
lockdown due to the COVID-19 pandemic in patients with ED from different continents
(i.e., Europe and Asia). Secondly, we examined if these differences pre/post lockdown
varied by ED subtype, age, and continental provenance.

4.1. ED Subtypes and Changes during Lockdown

In line with previous studies [26] the findings highlight a differential psychopathologi-
cal impact during lockdown according to the ED diagnosis. Patients diagnosed with BN
and BED reported weight gain after lockdown, the BED group experiencing the greatest
weight changes when comparing by ED subtypes. It is possible that a sedentary lifestyle
favored by “stay-at-home” measures and mobility restrictions during lockdown [35] may
play a pivotal role in these weight changes [36,37]. Some of the increased eating behaviors
related to “food insecurity” or boredom, such as snacking [35], could also lead to weight
gain [16,17]. In this line, individuals with BED and BN showed a higher impairment in their
eating style in comparison with the other ED subtypes. Moreover, previous studies have
recognized an increased vulnerability to weight gain in individuals with overweight and
obesity [38], conditions that are usually presented in individuals with BN and BED [39,40].

Eating behaviors have been described as maladaptive strategies to cope with emotional
distress [13,18,22]. However, ED symptoms and emotion dysregulation were reduced in
BN, which aligns with other findings [10,41]. The continued presence of other people at
home and maintaining daily routines [4] are two significant socio-demographic features
that characterized our sample, and may have allowed patients with BN to reduce binge
episodes and purging. Moreover, the observed decrease in other maladaptive behaviors
after lockdown (i.e., alcohol consumption) has been previously described in an international
non-clinical study [35].

Individuals with BED reported the highest impact on ED symptoms when comparing
ED subtype groups, although no significant changes in ED symptoms pre- and post-
lockdown were individually reported in this group. A greater illness perception among
these patients together with a higher motivation for change [42], and the weight gain
during lockdown, could encourage them to improve their eating style (e.g., non abuse of
certain palatable foods).

Changes in eating style have also been described in patients with AN, which may
suggest an increased control over food intake during lockdown. Changes in diet habits
have been observed both in general and clinical populations during lockdown [16], the
restricting pattern being commonly mentioned [24]. Surprisingly, and in contrast to other
studies [12,43], they did not report significant modification in weight/BMI, ED symptoms
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nor other psychological features. Furthermore, a reduction in alcohol use was described in
this ED subtype after lockdown.

Regarding OSFED group, both psychopathology and emotion regulation worsened
during lockdown. This aligns with previous research which found that individuals with
OSFED deteriorated in adverse situations [44,45]. Not only they did experience a greater
psychological impairment than subjects from other ED groups but this impairment also
persisted after lockdown [10,11,23].

4.2. Age Differences Regarding Changes during Lockdown

Overall young/adolescent patients had a significant improvement in eating habits in
comparison to older individuals. The adult group reported significant weight/BMI changes
and higher psychological impact than the former one. These results differed from those
described in the general population in which younger people had a poorer adjustment to
lockdown [1,7]. One possible explanation for our results could be that older age is linked
to patients with BED, who in our study reported a greater psychopathological impact than
other ED subtypes. Besides, younger people may be supervised and accompanied more
frequently by others, constituting a possible protective factor [4]. Furthermore, young
people are usually more familiar with the use of social media, which might imply a better
adaptation to the online modality, promoting therapeutic adherence and the maintenance
of academic/work routines, as well as social contact [4,13].

4.3. Influence of Continental Provenance on the Changes during Lockdown

Both European and Asian patients experienced weight gain during lockdown, as has
been described in clinical and general populations [36,37,46], without significant differences
between groups. In comparison with European patients, participants from Asia reported
an improvement of their ED symptoms. These findings were not in line with other studies
exploring the impact of lockdown on the Asian population [46]. Individual differences in
personality and coping features have been reported between countries [27,28] which might
lead to a differential adjustment to stress such as the COVID-19 pandemic [47].

4.4. Strengths and Limitations

The large sample size with international participation using a validated and homoge-
neous method of evaluation is a strength of this study. Moreover, the analysis related to
age and provenance were adjusted for the ED subtype. However, the observational design
of the study and the voluntary nature of participation in it could be some of the limitations
of the present work. Furthermore, the presence of memory bias due to the retrospective
nature of the assessment and the heterogeneity of the sample must be mentioned. Even
though initial evidence regarding clinical changes in ED patients during lockdown has
been measured by the CIES, future studies should consider involving other ED severity
questionnaires.

5. Conclusions

In this international study of the adjustment of patients with an ED during lockdown,
we observed differences that varied according to ED subtype, age, and provenance. Individ-
uals with BED showed higher worsening of eating symptoms and change in weight during
lockdown than those from other ED subtypes. The greatest psychological impairment was
described in the OSFED group. Finally, young and Asian patients appeared to be more
resilient. These findings may enhance preventive and therapeutic approaches in similar
future circumstances.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/nu14010100/s1, Table S1. Descriptive for the age, sex, and the confinement
context/ Covid Isolation Eating Scale (CIES)-English version.
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Abstract: Disturbances in eating behaviors have been widely related to obesity. However, little
is known about the role of obesity-related biomarkers in shaping habitual patterns of eating be-
haviors (i.e., eating styles) in childhood. The objective of the present study was to explore the
relationships between several biomarkers crucially involved in obesity (ghrelin, insulin resistance,
and leptin/adiponectin ratio) and eating styles in children and adolescents with obesity. Seventy
participants aged between 8 and 16 (56.2% men) fulfilled the Spanish version of the Dutch Eating
Behavior Questionnaire for Children to measure external, emotional, and restrained eating styles. In
addition, concentrations of ghrelin, leptin, adiponectin, insulin, and glucose were obtained through
a blood test. Hierarchical multiple regression analyses controlling for age and sex were computed
for each eating style. Results indicated that individuals with higher ghrelin concentration levels
showed lower scores in restrained eating (β = −0.61, p < 0.001). The total model explained 32% of the
variance of the restrained pattern. No other relationships between obesity-related biomarkers and
eating behaviors were found. This study highlights that one of the obesity-risk factors, namely lower
plasma ghrelin levels, is substantially involved in a well-known maladaptive eating style, restraint
eating, in childhood obesity.

Keywords: obesity; children; adolescents; ghrelin; insulin resistance; leptin; adiponectin;
leptin/adiponectin ratio; eating behavior; eating styles
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1. Introduction

Obesity is a multifactorial disease that is currently considered a public health problem.
Specifically, the prevalence of obesity has increased rapidly in childhood and adolescence
(5–19 years old), with more than 100 million affected in 2016 [1]. Although recent literature
has suggested maintenance, even slight decrease, of childhood obesity prevalence in Spain,
it continues to be one of the highest prevalence of obesity and overweight in Europe [2].

These high prevalence figures are partly because there is currently no effective treat-
ment for obesity, which can be generalized to most children and adolescents [3]. Recently,
the American Association of Clinical Endocrinologists [4] and the European Association
for the Study of Obesity [5] has proposed a new diagnostic term, namely “adiposity-based
chronic disease” (ABCD). The phrase “adiposity-based” is justified because the disease
is primarily due to abnormalities in the mass, distribution, and/or function of adipose
tissue. This fact reinforces the concept of obesity as a chronic, complex, multifactorial,
and incurable disease at present. For this reason, it is important to continue exploring the
different roots of obesity since this is the only way to develop individualized treatments
that ensure a higher success rate.

Eating behaviors stand out as crucial proximal determinants of body weight and the
motivation to eat since childhood [6,7]. Eating styles represent dispositional tendencies of
food intake and have been closely related to obesity in adults [8] and children and adoles-
cents [9,10]. According to the three main theories about impaired food consumption (i.e.,
the external, psychosomatic, and restraint theories), three predominant eating styles have
been identified [11]. External eating refers to the predominance of external environmental
factors, such as smell or sight, as determinants of eating behavior, independently of the
internal bodily state (i.e., feeling hungry or satiated) [12,13]. Emotional eating emphasizes
the influence of emotional factors so that eating behavior is prompted in response to emo-
tional arousal states, such as fear, anxiety, or anger, again without considering internal
physiological signals of hunger and satiety [14]. Restraint eating concerns the attempt
to control eating behavior through cognitive control and suppression of internal hunger
signals to lose weight or avoid weight gain [13].

Previous research has shown that emotional eating can be considered an “obese”
eating pattern, since it has been consistently found that higher emotional eating is related to
overweight and long-term weight gain in both adults [8,15,16] and children [17], although
the prevalence in childhood (7 to 12 years old) is actually low [11]. Emotional eating seems
to emerge in adolescence [18,19] and is more prevalent in females than in males [20].

Restrained eating is also conceptualized as an “obese” eating style [21]. Overall,
the distinctive features of restrained eaters are restricting food intake for long periods of
time to lose or maintain weight and expressing dissatisfaction towards their body size
and/or shape [22]. According to the restraint theory, when the cognitive control of eating is
disrupted, restrained eaters tend to show a more disinhibited behavior, increasing their food
intake and overeating [23]. Hence, although paradoxical, the involvement of restrained
eating in obesity, as well as eating disorders, is not surprising [24].

Unlike emotional and restrained eating, some studies suggest that external eating
might not be an “obese eating” pattern (i.e., an eating tendency related to a higher body
mass index (BMI)) since levels of external eating seem to be similar between normal-weight
and overweight individuals [8,25]. Moreover, it has been argued that external eating could
represent an adaptive response that helped survive whenever food is available in periods of
food shortage [26]. However, it should be noted that these findings contrast with evidence
indicating that overweight and obese individuals show poor interoceptive abilities (i.e.,
awareness of internal bodily cues accompanying homeostatic states such as satiety) [27],
which might predispose them to rely on external cues rather than internal signals of satiety
and, therefore, to less adaptive eating behaviors [28]. In this line, Mata and colleagues
found that external eating was positively related to the insula activation—which is con-
sidered a crucial brain hub for interoceptive processing [29]—in adolescents with excess
weight, whereas this relationship was negative among healthy weight adolescents [30].
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These results suggest the presence of an altered relationship between insula function and
interoceptive/exteroceptive processing in adolescents with excess weight. Moreover, it is
known that children with higher reward sensitivity (including sensitivity towards external
cues of appetitive stimuli) are more vulnerable to become overweight [31], although this re-
lationship is not straightforward. Specifically, external eating and food responsive behavior
mediate the relationship between weight and reward sensitivity in childhood [32].

In the regulation of appetite, not only the central nervous system (CNS), but the
adrenal glands, the pancreas, and the gastrointestinal tract are involved, and the adipose
tissue also plays a relevant role [33]. Adipose tissue is a metabolically active organ involved
in multiple biological processes and communicates through the secretion of peptides and
hormones, known as adipokines [34]. As mentioned above, obesity is characterized by
a pathological expansion and/or unhealthy distribution of body fat, producing adipose
tissue dysfunction. This dysfunction produces a disbalance in the homeostasis of children
and adolescents with obesity, favoring a profile characterized by resistance to insulin
action (with a secondary elevation of insulin), resistance to leptin action (which favors
hyperleptinemia), and low adiponectin and ghrelin values [35]. This profile increases the
risk of developing associated cardiometabolic diseases [36] but also could be involved in
(maladaptive) eating behaviors in childhood obesity. However, no previous studies have
examined this relation.

Ghrelin is a well-known gut hormone involved not only in food intake, but also in
energy storage, stimulating adipogenesis [37,38]. Specifically, circulating ghrelin levels
increase during intake restriction, leading to increased appetite [39] and then fall quickly
after ingestion [39]. Thus, it is postulated that one primary role of ghrelin is to act as a meal
initiator. However, to our best knowledge, research on its association with eating styles is
scarce in normal-weight [40,41] and obese adults [42] and even absent in obese children
and adolescents.

The main metabolic disturbance driven by obesity is insulin resistance (IR) [43]. Insulin
levels rise and fall rapidly in response to feeding and starvation. These changing insulin
levels orchestrate the metabolic switch between anabolism and catabolism. Glucose is the
main regulator of insulin, but also other nutrients, hormones, and the autonomic nervous
system, influence its serum levels [44].

As insulin, leptin, which is mostly released by adipose tissue, is well-known to reduce
appetite and increase energy expenditure. In obesity, leptin resistance is produced due to
the excess adiposity, and, therefore, leptin does not properly reduce food consumption,
leading to increased body weight [45]. Circulating leptin levels throughout the day do not
undergo large variations, showing a circadian rhythm and oscillatory pattern [46].

Adiponectin is also almost exclusively produced in adipose tissue [47]. The mech-
anisms of this adipokine in appetite regulation are intricate, and it could be an appetite
stimulator or inhibiting factor depending on feeding status, the content of glucose in
cerebrospinal fluid, and the degree of fatness [48]. In contrast to other adipokines, the
circulating levels of adiponectin are inversely proportional to total fat mass [49], and also
with fasting insulin concentration and plasma triglycerides, but positively with the plasma
cholesterol contained in HDL [50].

Leptin and adiponectin are regulated in an opposite manner in most cases. Children
and adolescents with obesity tend to have higher leptin levels and lower adiponectin
levels [51]. This unfavorable leptin/adiponectin ratio has been proposed as a func-
tional biomarker of adipose tissue inflammation and seems to be a good indicator of
cardiometabolic risk associated with obesity and metabolic syndrome [52]. However, it
remains unknown whether this biomarker acts as an underlying factor of eating styles
in obesity.

Thus, eating behavior is modulated by both external and internal signals from the
body [53]. External cues include environmental factors such as the hedonic properties of
food, as well as social factors such as other people’s behavior [54]. Internal signals usually
refer to physiological processes underlying feelings of hunger and satiety, such as the blood
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concentrations of ghrelin, glucose, and leptin [55]. At this point, it becomes evident that
eating behavior and, ultimately, obesity are highly complex. Disentangling the multiple
factors involved and the relationships between them can help us better understand obesity
and, therefore, develop more effective prevention and treatment methods, especially in
the early stages of human development. As pointed out by Verbiest and colleagues [10],
interdisciplinary work is needed to do so.

Despite a certain amount of research focused on the regulatory role of these hormonal
biomarkers in eating behavior in obese samples, most studies have considered imminent
appetite and food intake as outcome variables. However, little is known regarding the
contribution of peripheral obesity-related biomarkers to eating styles, that is, to (relatively)
well-established patterns of eating behaviors such as emotional, external, and restrained
eating.

The aim of this study is to explore the relationship between several peripheral obesity-
related biomarkers (i.e., ghrelin, IR, and leptin/adiponectin ratio) and eating styles (i.e.,
external, emotional, and restrained) in a Spanish sample of obese children and adolescents.
Specifically, based on preliminary research on this field, it is hypothesized that poorer
obesity-related biomarkers in obese children and adolescents, namely lower ghrelin, higher
IR, and higher leptin/adiponectin ratio, will be associated with higher scores on external,
emotional, and restrained eating.

2. Materials and Methods

2.1. Participants

Participants in the current study were recruited from the Obesity and Cardiovascular
Risk Unit at General University Hospital Consortium of Valencia (CHGUV) and Pediatric
Endocrinology Department at the University Clinical Hospital “Lozano Blesa” (HCULB) in
Zaragoza (Spain). Data were collected between November 2019 and September 2021 as a
part of the Eat4HealthyLife research project, a multicentered study that explores potential
risk factors of obesity and eating disorders (EDs). Eligible criteria considered were the
following: aged between 8 and 16 years old, diagnosis of obesity (BMI Z-score > 2 standard
deviations according to the scales of their reference group by age and sex), and not having
received or not currently receiving obesity treatment in our outpatient clinic. None of the
subjects included suffer from any other disease or eating disorder. The sample consisted of
70 children and adolescents with obesity. The mean age of the sample was 12.36 (SD = 2.19),
and 56.2% were boys.

2.2. Measures
2.2.1. Sociodemographic Data and Anthropometrics

Anthropometric measurements were collected under standardized conditions with
patients wearing light clothing and no shoes. Bioelectrical impedance analysis, using a
TANITA TBF-410 M over a horizontal and hard surface and to the nearest 0.1 kg, was the
selected method to measure body weight and composition. Height was measured to the
nearest 0.5 cm using a portable height board (SECA 216). BMI z-score (BMIz) was calculated
for each patient. BMIz correlates to growth percentile charts and allows children’s relative
weight follow-up from childhood up to adolescence. Participants’ obesity was defined
with BMIz scores greater than 2 SD following World Health Organization (WHO) growth
charts [56].

2.2.2. Metabolic Assessment

Blood samples were collected from fasting participants scheduled early in the morning.
Glucose and insulin measurements and a lipid panel were requested for every patient.
The homeostatic model assessment (HOMA) index of IR was measured as the product of
insulin (μU/mL) and glucose (mmol/L) divided by 22.5. Hyperinsulinism was defined
according to pubertal stage normative data [57].
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Adipokine laboratory measurements were obtained from the Cardiovascular Risk
Unit Laboratory at Hospital General of Valencia (Valencia, Spain). Ghrelin, leptin, and
adiponectin were measured using commercially available BMS 2192, BMS 2039, and BMS
2032/2 eBioscience ELISA kits. The leptin assay detection limit was set at 894 ng/L.
Adiponectin assay range was set from 764 μg/L to 16,893 μg/L. The ghrelin assay was set
from a mean value of 915 pg/mL.

2.2.3. Eating Styles

The Dutch Eating Behavior Questionnaire for Children (DEBQ-C) [11,58] was used
to measure eating styles, which is a 20 item self-report questionnaire rated in a 3-point
Likert scale from 1 to 3 (1 = “no”, 2 = “sometimes”, 3 = “yes”) that assess three different
eating behavior patterns: external (e.g., “Does walking past a candy store make you feel
eating? ”), emotional (e.g., “Does worrying make you feel like eating?”), and restrained
(e.g., “Do you intentionally eat food that helps you lose weight?”) eating. Higher scores on
each subscale are indicative of greater emotional, external, or restrained eating. Emotional
eating and restrained eating subscales are composed of 7 items each, whereas external
eating is composed of 6 items. Total scores for each subscale are computed with the mean
score of their corresponding items. In this sample, the internal consistency of each scale
was acceptable (α = 0.87, α = 0.78, and α = 0.65, respectively). EDs were ruled out according
to the diagnostic criteria of the DSM-5 [59].

2.3. Procedure

New patients arriving at the Obesity Risk Units were considered potential candidates
to participate in this study. At their first appointment at the Unit, participants were weighed
and measured to calculate BMIz. Once the patients were diagnosed with obesity, parents
were offered the possibility for their children to voluntarily participate in the study. All par-
ents of participants signed the informed consent documents before starting the assessment,
in accordance with the Declaration of Helsinki. The study was approved by the Ethics
Committee at CHGUV (reference number: 4/2019) and the Research Ethics Committee
of the Autonomous Community of Aragon (CEICA) (reference number: PI19/269). Then,
patients who agreed to participate were scheduled to come to the hospital in a second
session. In this session, participants underwent a blood test to measure biomarkers, and
one hour later (after having breakfast), they completed several psychological measures in
the context of the Eat4HealthyLife project, including the DEBQ-C, assisted by a trained
psychologist. Specifically, the assessment protocol of this project included some neurocog-
nitive measurements, including the Kaufman Brief Intelligence Test Second Edition [60]
and the Digit span subtest of the Wechsler Intelligence Scale for Children [61]. However,
they are not reported herein because they are not relevant for the objective of this study.

It should be noted that recruitment of participants was stopped during the lockdown
period (between March and June 2020), as well as during the third wave of COVID-19
in Spain (between January and March 2021) when the incidence of cases was very high.
From the beginning of the pandemic, the study sessions took place with appropriate safety
measures, such as mask and ventilation in the room. None of the participants presented
symptoms compatible with an infectious process either at the time of the evaluation or in
the previous week.

2.4. Statistical Analyses

Data analyses were conducted using the SPSS v26 software (IBM, Armonk, NY, USA).
First, descriptive statistics (mean, standard deviation) were performed to analyze the
sociodemographic data of the sample. Second, Cronbach’s alpha was calculated to establish
the internal consistency of the psychometrical measures, with coefficients above 0.70 being
considered adequate [62].

Finally, three hierarchical multiple regressions were conducted to determine whether
external, emotional, and restrained eating styles (DEBQ-C) were explained by ghrelin, IR,
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and leptin/adiponectin ratio after controlling for sex and age. Thus, the control variables
(sex and age) were entered at Block 1, and the rest of the independent variables were
entered at Block 2. Preliminary analyses were performed to check normality, linearity,
homoscedasticity, and multicollinearity assumptions, with no serious violations noted.

3. Results

3.1. Descriptive Statistics

The means, standard deviations, ranges, and percentiles 25, 50, and 75 of the different
measures for eating styles and the peripheral obesity-related biomarkers, as well as height
and weight, are displayed in Table 1.

Table 1. Descriptive statistics for study measures (n = 70).

Measure M SD Range
Percentiles

P25 P50 P75

Height (cm) 158.22 11.12 133.90–181.20 151.00 158.40 166.30
Weight (kg) 77.86 18.71 39.80–115.40 64.80 76.70 91.90

External eating 1.99 0.55 1–3 1.50 2.00 2.50
Emotional eating 1.53 0.62 1–3 1.00 1.21 1.86
Restrained eating 1.91 0.45 1–3 1.57 1.86 2.18
Ghrelin (pg/mL) 1497.84 1109.36 90.40–4386.18 690.65 1084.36 2076.84

HOMA index 5.24 5.73 0.89–39.24 2.53 4.14 5.86
Leptin/adiponectin ratio 1.64 2.03 0.04–9.68 0.48 0.94 1.76

Notes. n = number of participants; M = mean; SD = standard deviation.

3.2. Hierarchical Multiple Regressions
3.2.1. External Eating

Regarding the first hierarchical multiple regression model, sex and age explained 5% of
the variance of external eating, which did not reach statistical significance: F (2, 50) = 1.32,
p = 0.277, R2 = 0.050. After entering ghrelin, IR, and leptin/adiponectin ratio at Block 2,
the total model did not statistically significantly explain external eating: F (5, 47) = 1.25,
p = 0.303, R2 = 0.117. Table 2 shows the regression coefficients of the independent variables
on external eating.

Table 2. Regression coefficients of sex, age, ghrelin, IR, and leptin/adiponectin ratio on external eating.

Model

Variables B SE B β p R2 ΔR2

Block 1 0.05 0.05
Constant 1.38 0.47 0.005

Sex 0.22 0.15 0.20 0.164
Age 0.02 0.04 0.10 0.494

Block 2 0.12 0.07
Constant 1.60 0.59 0.010

Sex 0.26 0.16 0.24 0.099
Age −0.00 0.04 −0.01 0.967

Ghrelin −0.00 0.00 −0.11 0.508
IR 0.02 0.01 0.19 0.213

Leptin/adiponectin ratio 0.02 0.04 0.07 0.638

Notes. B = unstandardized beta values; SE B = standard error of B; β = standardized beta values; R2 = coefficient
of determination; ΔR2 = coefficient of determination change.

3.2.2. Emotional Eating

In the second hierarchical multiple regression model, sex and age explained 13% of the
variance of emotional eating: F (2, 50) = 3.63 p = 0.034, R2 = 0.127. However, after entering
ghrelin, IR, and leptin/adiponectin ratio at Block 2, the total model did not statistically
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explain emotional eating: F (5, 47) = 2.36, p = 0.054, R2 = 0.201. Table 3 shows regression
coefficients of the independent variables on emotional eating.

Table 3. Regression coefficients of sex, age, ghrelin, IR, and leptin/adiponectin ratio on emotional eating.

Model

Variables B SE B β p R2 ΔR2

Block 1 0.13 0.13 *
Constant 0.50 0.51 0.311

Sex 0.40 0.17 0.32 0.020
Age 0.04 0.04 0.13 0.318

Block 2 0.20 0.07
Constant 0.23 0.63 0.713

Sex 0.42 0.17 0.34 0.015
Age 0.03 0.04 0.12 0.448

Ghrelin 0.00 0.00 0.12 0.454
IR 0.02 0.02 0.19 0.191

Leptin/adiponectin ratio 0.06 0.04 0.19 0.188

Notes. B = unstandardized beta values; SE B = standard error of B; β = standardized beta values; R2 = coefficient
of determination; ΔR2 = coefficient of determination change. * p < 0.05.

3.2.3. Restrained Eating

The third hierarchical multiple regression model showed that sex and age (Block 1)
did not significantly explain the variance in restrained eating: F (2, 50) = 0.32 p = 0.727,
R2 = 0.013. After entry of ghrelin, IR, and leptin/adiponectin ratio at Block 2, the total
model statistically significantly explained restrained eating: F (5, 47) = 4.37, p = 0.002,
R2 = 0.317. Among them, ghrelin was the unique significant predictor of restrained eating
(β = –0.61; p < 0.001), indicating that individuals with higher ghrelin levels showed lower
scores on restrained eating, explaining 31% of its variance. Table 4 shows regression
coefficients of the independent variables on restrained eating.

Table 4. Regression coefficients of sex, age, ghrelin, IR, and leptin/adiponectin ratio on restrained eating.

Model

Variables B SE B β p R2 ΔR2

Block 1 0.01 0.01
Constant 1.63 0.39 0.000

Sex 0.08 0.13 0.08 0.558
Age 0.01 0.03 0.07 0.622

Block 2 0.32 0.31 **
Constant 2.64 0.42 0.000

Sex 0.14 0.11 0.16 0.198
Age −0.05 0.03 −0.23 0.102

Ghrelin 0.00 0.00 −0.61 <0.001
IR 0.01 0.01 0.09 0.506

Leptin/adiponectin ratio −0.01 0.03 −0.04 0.758

Notes. B = unstandardized beta values; SE B = standard error of B; β = standardized beta values; R2 = coefficient
of determination; ΔR2 = coefficient of determination change. ** p < 0.01.

4. Discussion

The present study was aimed at examining the involvement of different peripheral
obesity-related biomarkers (namely, ghrelin, IR, and leptin/adiponectin ratio) to explain
different eating styles, i.e., external, emotional, and restrained patterns, in childhood and
adolescence obesity.

Our findings show that plasma ghrelin concentrations were negatively related to
restrained eating after controlling for sex and age (nonsignificant) effects. In other words, a
poor obesity-related biomarker (i.e., lower ghrelin concentrations) was related to restrained
eating in childhood and adolescence obesity, as expected. These findings extend previous
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research that supports the restraint theory [21,23] by suggesting that restrained eating is
not only an “obese” eating style, but also a “higher-risk-obesity” eating style. It should be
noted that our results contrast with some previous studies conducted in normal-weight
adults, indicating that restrained eating is positively correlated [41] or not correlated [40]
with ghrelin. According to preliminary research, this discrepancy in the direction of the
relationship could be due to the obesity status [63]. Moreover, different measures of re-
strained eating could reflect distinct conceptualizations of what it means, which might also
explain inconsistencies in the literature in this regard. Mainly, scales measuring restrained
eating differ in the purpose for which authors developed them [22], i.e., to assess chronic
dieters who cyclically restrain their intake or over-eat [64], or individuals who success in
reducing their intake [11]. Future studies should be cautious in this concern and simulta-
neously include individuals with normal and excess weight through different life course
stages to disentangle the nature of this relationship. Finally, IR and leptin/adiponectin
ratio were not significantly related to restrained eating. In the study conducted by Schur
and colleagues [41], leptin and insulin were also measured, but they were not related to
cognitive restraint, similar to our results.

External eating was hypothesized to be underlaid by high-risk peripheral biomarkers,
specifically lower ghrelin levels, higher IR, and higher inflammation indicators (i.e., lep-
tin/adiponectin ratio). However, our results showed no significant contribution from these
biochemical indices to explain external eating once sex and age effects were partialized
out. Although there are no previous studies examining the role of ghrelin, IR, leptin, and
adiponectin in self-report eating styles in obesity, preliminary evidence exists regarding the
influence of ghrelin on the brain activity involved in processing external food cues. In this
regard, Malik and colleagues found an increased brain activity response to food-related
visual cues after ghrelin administration, which was indeed correlated with self-reported
hunger ratings [65]. However, our results suggest that this effect is not extended to the
habitual external eating style in childhood obesity.

Similarly, contrary to what was hypothesized, emotional eating was not significantly
related to any obesity-related biomarkers in our sample. Sex was the only statistically
significant predictor of emotional eating, indicating that women showed higher scores on
emotional eating than men, which is consistent with previous findings [20]. Noteworthy in
this regard is a previous cohort study that found that higher leptin was cross-sectionally
related to emotional overeating at age 7 years, but it was not prospectively associated with
emotional overeating three years later after controlling for BMIz. However, this study
used a parent-reported instead of a self-report measure of eating styles, that is, parents (or
main caregivers) responded to the questionnaire instead of the children on their own (e.g.,
“My child eats more when annoyed”). Therefore, some biases of their parents could have
influenced these results.

To our knowledge, this is the first study to comprehensively consider both physio-
logical risk indicators of obesity and eating styles in a young sample. Theoretically, this
study suggests that metabolic dysfunction of adipokines and IR might not yet be involved
in eating behavior patterns in obesity in the early stages of development (i.e., childhood
and adolescence). This fact promisingly implies that these hormonal disruptions could
not have impaired the usual eating responses yet, even if they might be affecting current
satiety perceptions, as pointed out by previous research [66]. Given the predictive role
of eating styles on prospective weight in adults [15], it can be thought that the clinical
condition of obese children and adolescents could still be reversed without consequences
in their way of relating to food. In particular, this can be applied to eating styles that
involve appropriate processing of interoceptive satiety signals, namely the absence of
eating as a maladaptive emotion regulation strategy (emotional eating) and the adaptive
levels of sensitivity towards food-related rewards (external eating). However, this is not the
case with the cognitive suppression of these internal hunger signals, as evidenced by the
negative association between restrained eating and ghrelin levels. In other words, it seems
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that cognitively ignoring the interoceptive signs of hunger is not a good eating strategy in
children and adolescents with obesity, since it is related to a poorer ghrelin profile.

Although interoceptive cues might be ignored at a cognitive level in those with lower
ghrelin concentrations, it might be plausible that interoceptive abilities are not yet disturbed
in young obese individuals, unlike obese adults [27]. This could explain why emotional
and external eating styles were not related to metabolic biomarkers in our sample. Taking
all into account, and in light of preliminary research on the role of interoceptive processing
as an underlying mechanism of eating styles in adults [67], future studies should examine
the interaction between peripheral biomarkers involved in satiety, their perception and
processing in the central nervous system (i.e., interoception), and eating styles, in childhood
obesity. From a clinical point of view, our findings suggest that dietary treatments mainly
focused on restricting the amount of food intake (which inevitably involves ignoring the
sensations of appetite) rather than on eating healthy food are contraindicated. In this line,
previous research has shown the negative effects of dieting for healthy management of
obesity during childhood and adolescence in the long term [68].

The current study presents some limitations that should be noted. First, the sample
size was not very large, so the statistical power might be compromised, leading to not
finding a statistical effect in this sample that could exist in the population. Second, the age
range of participants in this study covered two different developmental stages (childhood
and adolescence). Although statistical control has been applied over the potential effect of
age (and sex) on the relationships of interest, future studies should replicate this research
throughout the different development stages. Third, our results refer only to children and
adolescents with moderate and severe obesity (BMIz > 2), so they cannot be generalized
to other populations such as children and adolescents with normal weight or overweight
(BMIz < 2), nor to adults. Fourth, our findings may be biased by the recruitment period,
which was characterized by the COVID-19 pandemic for a portion of our sample. In this
regard, a recent longitudinal study showed that external, emotional, and restrained eating
styles remained stable during the lockdown in college students [69], supporting the notion
of eating styles as trait-like rather than state-like patterns. Although these findings might
be different in children and adolescents with obesity, to our best knowledge, there is no
evidence to think that the associations between eating styles and biomarkers may vary
according to circumstantial factors. Finally, given the cross-sectional nature of the design of
the current study, causal relationships cannot be established. Future studies should adopt
longitudinal designs to determine the directionality between ghrelin and restrained eating
in childhood obesity and the mediating mechanisms by which this relationship occurs.

Despite these limitations, this study contributes substantially to a better understand-
ing of the interactions between two different types of crucial factors (biochemical and
psychological) involved in childhood and adolescent obesity, namely circulating hormones
and eating styles.

5. Conclusions

This is the first study to report the link between the low ghrelin concentrations (which
is a well-known biomarker of risk in obesity) and high dispositional tendency to cognitively
suppress internal signals of hunger, i.e., restraint eating, which is an eating style considered
maladaptive and widely related to obesity across the lifespan. Expanding on previous
research, our study indicates that dietary restraint, in addition to being an obesity-related
eating style, is also a behavioral pattern of increased risk within the obesity spectrum.
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Abstract: Overweight and underweight adolescents have an increased risk of psychological problems
and reduced quality of life. We used a network analysis approach on a variety of psychopathology
and well-being variables to identify central factors in these populations. The network analysis
was conducted on data of 344 overweight adolescents (>90th BMI-percentile) and 423 underweight
adolescents (<10th BMI-percentile) drawn from a large community sample (10–19 years) including
behavioral and emotional problems (Youth Self-Report), eating disorder risk (SCOFF) and well-being
variables (KIDSCREEN). Additionally, psychopathology and well-being scores of overweight and
underweight individuals were compared with 1.560 normal weight adolescents. Compared to their
normal weight peers, overweight adolescents showed elevated psychopathology and eating disorder
risk as well as reduced well-being. Underweight adolescents reported increased levels of internalizing
problems but no increased eating disorder risk or reduced well-being. The network analysis revealed
that anxious/depressed mood and attention problems were the most central and interconnected
nodes for both overweight and underweight subsamples. Among underweight individuals, social
problems and socially withdrawn behavior additionally functioned as a bridge between other nodes
in the network. The results support psychological interventions focusing on improving mood, coping
with negative emotions and tackling inner tension.

Keywords: overweight; obesity; underweight; adolescents; mental health; psychopathology; quality
of life; eating disorder risk; network analysis

1. Introduction

It is well known that overweight or obese children and adolescents are at increased
risk of psychopathological symptoms, behavioral and emotional problems as well as
reduced quality of life. Previous evidence shows elevated symptoms of depression [1–3],
anxiety [2] and conduct disorders [4], more emotional difficulties and peer problems [3],
lower self-esteem [5] as well as higher school absenteeism [6] for overweight or obese
children and adolescents compared to their normal weight peers. A higher prevalence
of disordered eating, particularly binge eating behavior, and reduced body satisfaction
were found in overweight/obese adolescents [7–9]. Furthermore, reduced quality of life in
physical, mental and social domains was consistently reported [10,11].

While less intensively discussed in the literature, children and adolescents at the lower
end of the weight spectrum have also become a focus of attention. Apart from disordered
eating [12] and body dissatisfaction [13] reported in this subgroup (which may represent
problems indicating symptoms of anorexia nervosa), internalizing problems in particular,
including depression and socially withdrawn behavior, were reported for underweight
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adolescents [14,15]. Moreover, previous studies have shown that weight-related teasing
occurs for overweight and underweight adolescents, which consequently may increase the
risk of social isolation and mental health problems for both groups [16,17].

Due to these multiple mental health concerns, psychological factors have been iden-
tified as an important target for selective prevention and treatment of obesity in ado-
lescents [18] but also in underweight adolescents. Some authors even point to integral
prevention and intervention approaches for individuals at both ends of the weight spectrum
because of shared environmental risk factors for (severe) underweight and obesity, which,
for example, include teasing, peer problems and negative family relationships [19–21].
Of note, in the latest Cochrane review on dietary and physical activity interventions for
preventing obesity in youths, including more than 150 randomized-controlled trials, only a
few interventions included components targeting psychological factors such as depression,
anxiety, self-esteem, support by peers, stress and body image [22]. This is all the more
interesting because another review focusing on psychological interventions for overweight
or obese individuals revealed significant improvements in depression, self-esteem, body-
image, anxiety, stress, disordered eating and general well-being while reaching similar
weight loss compared to dietary and physical activity interventions directly targeting the
weight [23].

Thus, there is evidence that psychological interventions for adolescents with weight-
related problems should be provided. However, due to the variety of psychological
problems and well-being variables associated with overweight and underweight, which
also opens up a variety of possible targets for prevention and treatment interventions, one
may ask whether there exist specific ‘core’ mental health domains that such interventions
should focus on and that may be most beneficial regarding the intervention outcomes. One
method to tackle this question is psychological network analysis. A network analysis is
a relatively new statistical approach to model the complex interactions between a large
number of different variables (called ‘network’). It allows the identification of specific
associations between variables in the network on the one hand, and the identification of
central variables on the other hand (c.f. [24]). In brief, a central variable in a network is
highly associated with other variables in the network. Thus, it can be assumed that if a
central variable is changed, this also has effects on many other variables in the network
whereby these effects are usually not directly proportional. Consequently, a network
analysis on psychopathological symptoms and well-being variables obtained in overweight
and underweight adolescents should help identifying central symptoms and characteristics.
For example, if body dissatisfaction turns out to be a central variable in a network including
different mental health problems in overweight adolescents, this variable would be a
promising target for interventions as reducing body dissatisfaction would presumably also
affect other psychopathological symptoms in the network (e.g., depression and anxiety).

In recent years, psychological network analyses have been performed in patients with
diagnosed eating disorders including anorexia nervosa and bulimia nervosa with the aim to
identify central symptoms of the eating disorder pathology. Studies including a variety of
eating disorder symptoms in their network analysis found that shape and weight concerns,
desiring weight loss, desire to be thinner, feeling ineffective, worries that feeling will get out
of control and guilt after overeating were the most central symptoms [25–27]. Other studies
on eating disorder patients which additionally included general psychopathology showed
that depressive and anxiety symptoms, interpersonal sensitivity and personal alienation
had the highest centrality in the network [28,29]. Authors of these studies concluded that
these symptoms represent important targets for effective treatment. Studies using a network
approach on mental health in overweight and obese individuals are scarce and have
focused on adult individuals only. Calugi and Dalle Grave [30] reported that interpersonal
sensitivity and shape-weight concerns were the most central variables in adult patients with
obesity, while disordered eating symptoms including binge eating and dietary restraint
were the most peripheral and least connected symptoms in the network. Another network
analysis on physical performance and quality of life variables emphasized the importance
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of mental health as a key factor in adults with obesity [31]. Moreover, in a very small sample
of obese children, aspects of unhealthy eating behavior, physical activity habits and low
mood turned out to be central variables [32]. In another network analysis among a general
sample of adolescents including different variables on executive function and disinhibited
eating, emotional eating emerged as the most central symptom [33]. So far, no study has
used a network analysis approach to explore the interconnection of psychopathology and
quality of life variables obtained in overweight/obese or underweight adolescents.

Thus, the present study has the following aims: First, we aimed to investigate psy-
chopathological symptoms and well-being/quality of life in overweight or obese adoles-
cents from a large representative community sample. We hypothesized that overweight or
underweight adolescents would show higher levels of psychopathology and reduced well-
being compared to their normal weight peers. Second, using a network analysis approach
we aimed to identify central factors among a variety of psychopathological symptoms and
well-being variables, which will inform about potential beneficial targets for psychological
interventions (e.g., indicated prevention approaches) for overweight and underweight
adolescent populations.

2. Materials and Methods

2.1. Sampling and Recruitment

In this study, we used data from the ‘Mental Health in Austrian Teenagers’ (MHAT, [34])
study, an epidemiological survey that aimed to obtain the prevalence of mental health
problems in a large representative sample of Austrian adolescents aged 10 to 18 years. The
main part of the sample was recruited via schools (n = 261 schools, including all school
types in all regions of Austria). School classes of the 5th, 7th, 9th and 11th grade were
randomly selected from participating schools and all students within these classes were
invited to participate. A total of 3.615 adolescents from the school sample participated
in this study (response rate: 47.3%). The participants completed a comprehensive ques-
tionnaire to obtain sociodemographic information, behavioral and emotional problems
and well-being/quality of life (see Section 2.2). The school sample was complemented by
a small sample of adolescents who dropped out of school and who were recruited from
training courses for unemployed adolescents (n = 43, 1.1% of the total sample) and by a
small sample of adolescents currently in inpatient treatment due to a psychiatric disorder
who were recruited from child and adolescent psychiatry wards across Austria (n = 133,
3.5% of the total sample). This was done to also cover adolescents from the population
who cannot be reached via the regular school setting (due to early school dropout and
severe mental health problems). This sample composition reflects the general population
of Austrian adolescents including all levels of psychopathological symptoms and quality
of life. Thus, this sample allows to adequately tackle the main research question of this
paper (identifying central mental health aspects that may be promising targets for indicated
prevention strategies for overweight and underweight adolescent populations). Written
informed consent was collected from all participants and legal representatives prior to
the inclusion in the study. Ethical approval was obtained from the Ethics Committee of
the Medical University of Vienna (#1134/2013). Details about the sampling, recruitment
strategy and procedures are published in Zeiler et al. [34] and Wagner et al. [35].

For the purpose of this study, we used subsamples of the entire dataset and included
overweight adolescents defined by body-mass index (BMI) ≥ 90th sex and age specific per-
centile (n = 344) as well as underweight adolescents defined by BMI ≤ 10th sex and age spe-
cific percentile (n = 423). Data from normal weight adolescents (25th < BMI percentile > 75th,
n = 1.560) were used as a reference to enable a classification of psychopathology and well-
being scores of the overweight/underweight subsamples. Weight and height measures were
derived from the adolescents’ self-reports. Participants who did not provide any (valid)
height/weight information were excluded.
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2.2. Instruments

Apart from sociodemographic information (e.g., sex, age, migration background, liv-
ing situation, diagnosed somatic and psychiatric disorders in the family) that was used to
describe the sample, we obtained data from three validated and often used instruments
to assess psychopathological symptoms and quality of life. The strength of a network
analysis lies in exploring complex associations among a large number of diverse psy-
chological features. Thus, we selected instruments that assess many different aspects of
psychopathology and quality of life in a dimensional/continuous way. While network
estimation approaches to handle categorical and ordinal data exists, such data types are
still regarded as suboptimal [36]. Moreover, the selection of instruments was driven by the
limited time provided by the schools to complete the entire questionnaire battery (max.
one school hour of 50 min).

Specifically, data obtained through the following instruments were included in the
network analysis:

The Youth Self-Report (YSR, [37,38]) is a widely used self-report instrument to mea-
sure a wide range of behavioral and emotional problems (112 items rated on a three-point
scale). Item ratings are summed up in eight syndrome scales (‘socially withdrawn’, ‘so-
matic complaints’, ‘anxious/depressed’, ‘social problems’, ‘thought problems’, ‘attention
problems’, ‘dissocial behavior’ and ‘aggressive behavior’). Additionally, the items can
be aggregated to three broadband scales, a total problem score, an internalizing problem
score and an externalizing problem score. The YSR raw scores were used in this study.
However, we also calculated the percentage of clinically relevant problem scores by using
the available norms (cut-off: T-score > 63 for broadband scales). Internal consistencies
were excellent for the broadband scales (Cronbach’s alpha > 0.86) and acceptable for the
syndrome scales (Cronbach’s alpha between 0.56–0.86).

We used the SCOFF questionnaire [8,39] to screen for eating disorders, an aspect that
is not covered in the YSR questionnaire but which is particularly relevant for overweight
and underweight populations). It assesses five core features of eating disorders, including
significant weight loss, intentional vomiting, body dissatisfaction, loss of control over
food and food intrusive thought. The presence/absence of each symptom is rated on a
dichotomous scale (‘yes’ vs. ‘no’). The total score representing the number of present eating
disorder symptoms (possible score range 0–5) was used in the present study. According to
the authors of the original SCOFF version [39], a score ≥ 2 represents an increased risk for
eating disorders. A recently published meta-analysis reported a pooled sensitivity of 86%
and specificity of 83% using full-syndrome eating disorders or other established eating
disorder questionnaires as reference [40].

Moreover, we used the KIDSCREEN scales [41] to obtain well-being and quality
of life in different domains including ‘self-perception’ (satisfaction with own body and
appearance), ‘parent relation and home life’ (assessing the quality of relationship with
parents, feeling understood by them, being able to talk with them), ‘social support and
peers’ (assessing the quality of peer relationship, spending joyful time with friends, helping
each other, being able to rely on friends), ‘school environment’ (satisfaction with the school
environment, getting along well with teachers, being able to concentrate well) and ‘social
acceptance’ (assessing the absence of bullying). Items are rated on a five-point scale;
higher subscale scores indicate higher levels of well-being/quality of life. In addition to
the subscales, a general measure of well-being (‘KIDSCREEN-10′) was calculated. In the
present study, the raw scores of the general and subscale measures were used. Internal
consistencies of the scales ranged from 0.77 to 0.89.

2.3. Data Analysis

Descriptive analyses and comparative analyses of the overweight, underweight and
normal weight subsamples were performed using IBM SPSS Statistics 27.0. The network
analysis was conducted using JASP (version 0.12.2.0) [42] which makes use of the R
packages ‘bootnet’ [43] and ‘qgraph’ [44].
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First, we compared YSR, SCOFF and KIDSCREEN (general and subscale) scores
obtained from the overweight and underweight subsamples with the normal weight
reference group using general linear models controlling for sex. Differences between the
overweight/underweight and normal weight samples were analyzed using Tukey tests.
We further used Chi2-tests to compare the percentages of clinically relevant YSR scores
and eating disorder risk (SCOFF ≥ 2) between the overweight, underweight and normal
weight reference samples.

The network analysis for overweight and underweight adolescents was performed on
general psychopathology variables (YSR syndrome scales), eating disorder risk (SCOFF
total score) and well-being/quality of life variables (KIDSCREEN scores, not using the
KIDSCREEN-10 general quality of life score). Due to the correlational nature of this
approach and as age-/sex-standardized scores are not available for all of the included
instruments, we used the raw scores of these questionnaires in this analysis. A network
is defined as a set of variables (called ‘nodes’) which are reciprocally connected through
‘edges’ (most commonly some kind of correlation) that do not imply a priori direction or
allow causal inference. In the present study, we estimated partial correlation networks
using the graphical Least Absolute Shrinkage and Selection Operator (gLASSO [45]). Using
the gLASSO estimation, small or unstable correlations within the network are set to zero,
resulting in a more parsimonious and better interpretable network only depicting the most
robust associations between the nodes. Each edge represents the thus regularized partial
correlation between two nodes. In contrast to non-regularized partial correlations (all edges
between all nodes are estimated and included in the network plot), regularized partial
correlations are used to effectively assess the sparse and interpretable network structure.
The stronger the partial correlation between two nodes (either positive or negative), the
thicker the edge presented in the network plot. As gLASSO produces a collection of
network solution, the Extended Bayesian Information Criterion (EBIC, [46]) was used to
select the optimal network model. The Fruchterman–Reingold algorithm [47] was used
to organize the network plot. Nodes with more or stronger connections are placed closer
together while nodes with less connection are placed further apart.

The centrality of the nodes was estimated with the node strength, betweenness and
closeness centrality indices. Node ‘strength’ refers to the weighted number and strength of
all connections of a specific node and thus represents the overall influence of a node in the
network. ‘Betweenness’ represents the number of shortest paths that pass through the node
of interest, respectively, the number of times that the node represents the shortest path
between other nodes; thus, a node with high betweenness is important in the connection
that other nodes have between them (node acting as a bridge). ‘Closeness’ quantifies the
number of direct and indirect links between the node of interest to all other nodes in the
network; thus, a node with high closeness will be affected quickly by changes in any part of
the network and vice versa (c.f. [24]). z-Standardized centrality indices (mean = 0, SD = 1)
are reported.

Moreover, we performed the Network Comparison Test (NCT, [48]) using the ‘Net-
workComparisonTest’ package in R to compare the network structure and the global network
strength between the overweight and underweight samples.

2.4. Sample Size Considerations and Network Stability/Edge Accuracy Calculations

Currently, there is no established method for a formal power analysis available for
psychological network analyses, nor is there a minimal sample size required for this type
of analysis [43]. Rather, there are established methods to evaluate the network stability
(e.g., stability of central indices) and edge accuracy which should be reported along a
psychological network analysis. Providing evidence for the stability of a network solution
is an important prerequisite to reasonably interpret the network. In general, there is a
larger chance to find stable network solutions in larger samples than in smaller samples.

The accuracy of the network solution was evaluated by the two following analyses:
First, the case-dropping subset bootstrap approach was used to analyze the stability of
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central indices after observing only subsamples of the data. The correlation stability (CS)
coefficient quantifies the stability of central indices and represents the maximum proportion
of cases that can be dropped from the full dataset so that the correlation between the original
central indices and central indices calculated from bootstrap subsets has a 95% probability
of being r = 0.7 or higher. Ideally, the CS-coefficients should be above 0.5 [43]. Second, the
accuracy of edge weights was evaluated by calculating 95% confidence intervals based
on non-parametric bootstrapping (n = 1.000 boots) which is recommended for LASSO
regularized edges [43]. In case of excessively large bootstrapped confidence intervals, the
edge strengths should be interpreted with caution.

3. Results

3.1. Sample Description

Key characteristics of the overweight and underweight subsamples in reference to
adolescents with normal weight are provided in Table 1. Compared to the overweight and
normal weight samples, there were more females in the underweight group. The percentage
of adolescents with migration background was highest among overweight adolescents.
Moreover, the percentage of adolescents with parents where both are employed was
lowest in the overweight subsample. Compared to the normal weight reference group,
the percentage of adolescents with any diagnosed psychiatric disorder was elevated in the
overweight and underweight subsamples. The mean BMI of the overweight group was
27.00 (1.83 standard deviations above the BMI expected according to sex and age). The
mean BMI of the underweight group was 15.67 (1.92 standard deviations below the BMI
expected according to sex and age).

Table 1. Sample description.

Overweight Sample
(n = 344)

Underweight Sample
(n = 423)

Reference
(Normal Weight Sample)

(n = 1.560)

Female sex (%) 52.6% 66.9% 53.8%
Age (Mean, SD) 14.79 (2.34) 14.30 (2.38) 14.77 (2.27)

Migration background 1 (%) 31.7% 22.6% 25.3%
Living with both parents (%) 69.3% 71.3% 74.3%

Residency (living in urban region) 2 (%) 54.6% 55.5% 58.8%
Employment status of parents

Both parents employed (%) 70.2% 77.3% 79.1%
No or one parent employed (%) 29.8% 22.7% 20.9%

BMI (Mean, SD) 27.00 (3.30) 15.67 (1.42) 19.82 (1.64)
BMI-SDS 3 (Mean, SD) 1.83 (0.46) −1.92 (0.63) −0.01 (0.38)

Any diagnosed psychiatric disorder (%) 8.0% 11.3% 4.0%
Any diagnosed chronic somatic illness (%) 13.3% 14.1% 10.7%

Diagnosed psychiatric disorders in family (%) 6.2% 7.0% 4.0%
Diagnosed chronic somatic illness in family (%) 19.0% 15.4% 16.4%

1 Either adolescent or one parent born in a country other than Austria; 2 An urban region is defined as living in a city with >10.000 inhabitants;
3 SDS = Standard Deviation Score.

3.2. Psychopathology and Well-Being of Overweight and Underweight Adolescents

Compared to normal weight adolescents, overweight adolescents showed significantly
higher YSR total and internalizing scores as well as higher levels of psychopathology
in most YSR subscales (except in those related to the externalizing problem domain)
(Table 2). Moreover, overweight adolescents reported significantly more symptoms of
eating disorders and lower levels of well-being in all domains compared to the normal
weight group. Underweight adolescents showed significantly higher scores in the YSR
internalizing problem domain and the socially withdrawn subscale compared to the normal
weight group. Regarding externalizing problems (including the dissocial and aggressive
behavior subscales) and the SCOFF, underweight adolescents even reported problem
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scores significantly lower than normal weight adolescents. There were no other statistically
significant differences between the underweight and normal weight group.

Table 2. Differences in psychopathology, eating disorder risk and well-being scores of overweight and underweight
adolescents compared to a normal weight reference group.

Overweight
Sample

(Mean, SD)

Underweight
Sample

(Mean, SD)

Reference
(Normal Weight

Sample)
(Mean, SD)

Overweight vs.
Normal Weight
(Tukey Test 1)

Underweight vs.
Normal Weight
(Tukey Test 1)

General Psychopathology
Total Problems 41.06 (23.85) 33.84 (20.72) 34.64 (20.48) p < 0.001 p = 0.766

Internalizing Problems 13.16 (11.13) 12.27 (9.21) 11.11 (8.70) p < 0.001 p = 0.041
Externalizing Problems 11.22 (6.69) 8.90 (10.47) 10.53 (6.67) p = 0.186 p < 0.001

Socially withdrawn 3.46 (2.77) 3.39 (2.73) 2.90 (2.58) p = 0.001 p = 0.002
Somatic Complaints 3.50 (3.18) 3.20 (2.82) 3.04 (2.78) p = 0.014 p = 0.543
Anxious/Depressed 6.71 (6.48) 6.14 (5.56) 5.56 (5.22) p = 0.001 p = 0.115

Social Problems 2.66 (2.44) 2.17 (2.14) 1.99 (2.02) p < 0.001 p = 0.264
Thought Problems 1.71 (2.09) 1.41 (1.88) 1.53 (1.93) p = 0.284 p = 0.509
Attention Problems 5.10 (3.03) 4.53 (3.07) 4.58 (2.93) p = 0.008 p = 0.952
Dissocial Behavior 3.56 (2.53) 2.78 (2.45) 3.36 (2.66) p = 0.412 p < 0.001

Aggressive Behavior 7.66 (4.76) 6.12 (4.38) 7.17 (4.66) p = 0.174 p < 0.001
Eating Disorder Risk

SCOFF score 1.33 (1.18) 0.74 (1.07) 0.88 (1.04) p < 0.001 p = 0.047
Well-being/Quality of Life

KIDSCREEN-10 38.08 (7.54) 37.74 (7.19) 40.01 (6.77) p < 0.001 p = 0.775
Self-Perception 17.39 (4.60) 19.42 (4.46) 19.10 (4.27) p < 0.001 p = 0.321

Parent-Relation &
Home-Life 24.90 (5.29) 25.97 (4.59) 25.86 (4.64) p = 0.002 p = 0.900

Social support & Peers 16.28 (3.46) 16.68 (17.05) 17.03 (2.92) p < 0.001 p = 0.094
School Environment 14.67 (3.57) 15.60 (3.25) 15.31 (3.28) p = 0.004 p = 0.283

Social Acceptance/Bullying 13.15 (2.62) 13.99 (1.81) 13.86 (2.01) p < 0.001 p = 0.484
1 controlled for sex.

Considering the established cut-off scores for the YSR instrument, 26.7% of overweight
adolescents showed clinically relevant total problem scores which was a significantly
higher percentage than in the underweight (15.6%) and normal weight (16.2%) subsamples
(Chi2(2) = 22.927, p < 0.001). Clinically relevant internalizing problems were reported in
24.7% of overweight adolescents which was similar to underweight adolescents (22.3%)
but higher than in the normal weight reference group (19.0%) (Chi2(2) = 6.841, p < 0.033). A
significantly lower number of underweight adolescents (5.5%) showed clinically relevant
externalizing problems compared to overweight (10.5%) and normal weight adolescents
(8.8%) (Chi2(2) = 6.953, p = 0.031). Eating disorder risk (defined as SCOFF score ≥ 2) was
reported in 41.3% of overweight adolescents which was significantly higher than in the
underweight (16.5%) and normal weight (23.1%) sample (Chi2(2) = 68.189, p < 0.001).

3.3. Results of the Network Analysis
3.3.1. General Network Structure

Figure 1 shows the network plots based on the EBIC gLASSO estimation for the (a)
overweight and (b) underweight group. In the overweight group, anxious/depressed
mood is placed very central in the network with strong associations to socially withdrawn
behavior and moderate associations to other psychopathological symptoms (e.g., thought
problems) and well-being variables (particularly self-perception). Attention problems was
another node with several associations to other nodes in the network, especially aggressive
behavior and social problems. Aggressive and dissocial behavior were clustered at the
periphery of the network. Interestingly, eating disorder risk obtained with the SCOFF
was one of the most peripheral nodes in the network. However, it was placed next to
self-perception (assessing satisfaction with body and appearance) and somatic complaints.
Moreover, nodes related to the contact, problems and satisfaction with peers were plotted
next to each other.
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Figure 1. Network plots of the estimated EBIC gLASSO networks of (a) overweight adolescents; (b) underweight adolescents.
Each node represents a variable of the YSR, SCOFF or KIDSCREEN scales. Each link (‘edge’) represents the partial
correlation (blue = positive correlation, red = negative correlation). Thicker edges represent stronger associations. Variable
abbreviations: ACCEPT Social Acceptance, AGG Aggressive Behavior, ANX_DEP Anxious Depressed, ATT Attention
Problems, DISS Dissocial Behavior, PARENT Parent Relation and Home Life, PEERS Social Support and Peers, SCHOOL
School Environment, SCOFF SCOFF Score, SELF Self Perception, SOM Somatic Complaints, SP Social problems, SW Socially
Withdrawn, THOUGHT Thought Problems.

In the underweight group, again, anxious/depressed mood was strongly associated to
several other nodes in the network including socially withdrawn behavior, self-perception,
somatic complaints and thought problems. Attention problems were strongly positively
associated with aggressive behavior and social problems and negatively linked to satis-
faction with the school environment. With the exception of the social acceptance domain
of the KIDSCREEN questionnaire, well-being variables seem to form a cluster within the
network, with well-being regarding school being strongly negatively associated with at-
tention problems and self-perception being negatively associated with anxious/depressed
mood and eating disorder risk. As in the overweight group, the SCOFF was one of the
most peripheral nodes in the network.

3.3.2. Centrality Indices

The central indices for all nodes in the network are shown in Figure 2. Anxious/depressed
mood (overweight group: z = 2.76, underweight group: z = 2.47) and attention problems
(overweight group: z = 1.14, underweight group: z = 1.18) were by far the nodes with the
highest strength (named ‘degree’ in the centrality plot), thus representing the nodes with
the highest overall influence in the network. These nodes also had the highest betweenness
(anxious/depresses: z = 2.72/z = 2.16, attention problems: z = 1.53/z = 1.30) and closeness
(anxious/depresses: z = 2.28/z = 1.48, attention problems: z = 1.76/z = 1.29), indicating that
they also function as a bridge between other nodes of the network. For the underweight
group, betweenness and closeness was also relatively high for the social problems (between-
ness: z = 1.01, closeness: z = 0.98) and socially withdrawn (betweenness: z = 0.73, closeness:
z = 1.09) nodes. The exact standardized centrality coefficients for all nodes (separated by
the overweight and underweight groups) are provided in Supplementary Table S1.
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Figure 2. Centrality plot depicting standardized centrality indices (betweenness, closeness, degree = strength) of psy-
chopathological symptoms, eating disorder risk and well-being measures in overweight (blue lines) and underweight (red
lines) adolescents. See footnote of Figure 1 for variable abbreviations.

3.3.3. Comparison between Overweight and Underweight Adolescents

The network comparison test revealed no statistically significant difference between
the networks for overweight and underweight adolescents regarding the structural invari-
ance (M = 0.118, p = 0.967) and the global network strength (S = 0.470, p = 0.159).

3.3.4. Stability of Central Indices and Edge Accuracy

For the overweight group, the CS coefficients were 0.75 for strength, 0.67 for between-
ness and 0.67 for closeness. For the underweight group, the CS coefficients were 0.75,
0.59 and 0.67, respectively. Furthermore, the correlation stability plots (Figures S1 and S2
in the Supplementary Material) show that the correlation with the original centrality in-
dices decreases slowly when an increasing number of participants are dropped from the
full dataset. This indicates that the stability of all centrality indices in both samples are
sufficiently high and can be reliably interpreted.

Figures S3 and S4 (Supplementary Material) show the bootstrapped 95% confidence
intervals of edge weights for the network of the overweight and underweight groups. The
edge accuracy plots reveal that the confidence intervals of edge weights are not excessively
large; thus, the estimations of the edge weights seem to be sufficiently accurate to be
reasonably interpreted.

3.3.5. Network Structure in Normal Weight Adolescents

While this was not the focus of this study, we additionally estimated the EBIC gLASSO
network for the normal weight reference group (25th < BMI percentile > 75th) to explore
whether the centrality indices are similar to those estimated from the overweight and
underweight subsamples and whether the network of psychopathology and well-being
variables holds regardless of the adolescent weight status. Indeed, anxious/depressed
mood showed the highest strength followed by attention problems and social problems.
Regarding betweenness and closeness, attention problems turned out to be by far the most
central variable followed by anxious/depressed mood, social problems and satisfaction
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with the school environment. The network and centrality plots for the normal weight
sample are provided in Supplementary Figure S5. Thus, in normal weight adolescents,
attention problems as well as satisfaction with the school environment seem to play a
slightly more pronounced role compared to the overweight and underweight groups.
However, the formal test of network comparison yielded no statically significant differences
in structural invariance and global network strength between the normal weight group
and adolescents at the lower and upper end of the weight spectrum.

4. Discussion

Consistent with the literature e.g., [2,9], the present findings provide clear evidence
that overweight adolescents represent a specific risk group for mental health problems. Ele-
vated psychopathological symptoms were observed primarily in the internalizing domain
while a similar study in overweight/obese adolescents, which also used the YSR instrument,
reported increased psychopathology in both internalizing and externalizing behavioral
domains [15]. Most obvious, the eating disorder risk in overweight adolescent was about
twice as high as in the normal weight population, which supports previously published
literature emphasizing the high prevalence of binge eating and compensatory and un-
healthy weight control behavior in overweight and obese adolescent populations [8,49,50].
In this regard, the present results mirror other results in the literature pointing to the shared
risk factors for obesity and eating disorders [19,21]. Furthermore, the reduced quality of
life scores regarding satisfaction with one’s own body and appearance, relationship to
peers and parents and satisfaction with the school environment reported by overweight
adolescents and which has been also found in other studies [10,11], points to the urgent
need for interventions promoting well-being and mental health in this group.

The question whether underweight adolescents also have an increased risk for men-
tal health problems is much less easy to answer based on the present results. Elevated
psychopathological symptoms were found for internalizing problems only (with more
socially withdrawn behavior), while quality of life scores were comparable to those of
normal weight adolescents and even lower levels of externalizing problems were re-
ported compared to the reference sample. Indeed, whether or not underweight is as-
sociated with increased mental health concerns has been controversially discussed in the
literature [10,14,51]. As in our study, Drosopoulou et al. [15] reported increased socially
withdrawn behavior in underweight adolescents, while they found no differences in other
psychopathological symptoms compared to normal weight youth. While underweight
is a core characteristic of anorexia nervosa, we found that the eating disorder risk was
minimally but significantly lower in underweight compared to normal weight adolescents.
This may be surprising; however, a similar result was also found in another large popula-
tion study where a different instrument to assess eating disorder risk was used [49]. This
indicates that underweight per se is not a sign of increased eating disorder risk and that
underweight adolescents (provided there are no additional risk factors) would not need
specific (preventive) interventions targeting eating disorder symptoms.

The core aim of this study, which also represents the novelty of this research, was
the use of psychological network analysis to identify central factors among mental health
and well-being variables which inform about potential key targets for interventions for
overweight and underweight adolescents. As psychopathological symptoms were most
prevalent in overweight adolescents, the following discussion primarily focuses on what
can be done for this risk group. The most central variables in the network were anx-
ious/depressed mood and attention problems, while variables associated with eating
disorder risk and body dissatisfaction were rather peripheral nodes. At first glance, this
seems surprising, but this finding is consistent with another network analysis based on
adult individuals with obesity showing that variables directly related to eating disorders
were rather placed in the periphery of a network including different psychological charac-
teristics [30]. This may—to some extent—reflect that particularly anxiety problems, but
also symptoms of attention-deficit-hyperactivity disorder constitute the most prevalent
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mental health problems among children and adolescents in general [35,52]. However, it
must be emphasized that variables that turn out as most central in psychological network
analyses do not necessarily correspond to the most prevalent symptoms of mental health
disorders. The main finding from this study (depressive/anxious mood, attention prob-
lems as central symptoms in a psychological network, thus representing promising key
targets for intervention) contradicts the current practice of many psychological (preven-
tive) interventions among overweight/obese adolescents which primarily aim to reduce
disordered eating behavior and weight/shape concerns [53]. Rather, our results indicate
that broader intervention approaches, not solely focusing on eating disorder symptoms but
(also) incorporating contents to positively impact mood and reduce feelings of depression
and anxiety might be most promising. This seems all the more appropriate considering
the role emotions and emotion regulation play in individuals with overweight and obesity.
Negative affect and stress, for example triggered by weight-related teasing and negative
body image, may challenge existing emotion regulation strategies which in turn may result
in maladaptive coping such as emotional eating that is often reported in overweight indi-
viduals [54,55]. Strengthening skills towards awareness, understanding and acceptance
of emotions, self-support and self-compassion may improve resilience, self-efficacy, self-
esteem and assertiveness among overweight and obese adolescents [54]. This is in line with
a systematic review pointing to the causal link between negative emotions (depression,
anxiety, stress) and the development of obesity concluding that adolescents’ anxiety and
depression are therefore important targets for preventive interventions of obesity [56].

Apart from anxious/depressed mood, the ‘attention problems‘ subscale of the YSR
was also a central variable in the network analysis. On the one hand, this may be linked to
the association between attention-deficit-hyperactivity disorder and obesity (e.g., higher
levels of impulsivity which may reinforce disregulated eating behaviors) often reported
in the literature [57]. Apart from impulsivity and problems with concentration, this scale
also assesses inner restlessness and tension. This indicates that intervention components
tackling these problems, like the use of relaxation techniques, may be promising concerning
promoting well-being in overweight or obese adolescents. This is in line with previous
randomized-controlled trials that have shown a beneficial effect of stress management and
relaxation intervention (progressive muscle relaxation, guided imagery, diaphragmatic
breathing) to reduce general psychopathology, anxiety and depression symptoms in chil-
dren and adolescents with obesity compared to interventions solely focusing on the change
of dietary and physical activity habits [58,59].

Of note, the factors contributing to the development and maintenance of overweight
and obesity in childhood and adolescents are manifold as, for example, shown in the
‘Foresight Obesity System Map’ where different biological, medical, psychological, devel-
opmental, social and economic factors as well as factors related to diet, physical activity,
media and infrastructure have been put together and correlated [60]. The present study
provides a contribution to the question of the relative importance of psychological factors
in overweight and obesity.

Finally, we found that the network structure of the overweight, underweight and nor-
mal weight groups was quite similar. While social problems, socially withdrawn behavior
and satisfaction with the school environment tend to play a slightly more central role in
the networks of underweight and normal weight compared to overweight adolescents,
anxious/depressed mood and attention problems were by far the most important factors
within the networks across all groups. Interestingly, in a usability study and survey as-
sessing the adolescents’ and stakeholders’ perspectives on Internet-based prevention for
mental health problems in general and for eating disorders and obesity specifically, coping
with stress and negative mood were mentioned as the most important topics to address
while topics directly related to eating disorders (e.g., healthy nutrition, physical activity)
were perceived as less relevant [61,62], which supports the findings of the present study.
This has implications for the conceptualization of prevention initiatives in general. Rather
than having to focus on different psychological targets for different weight groups, focusing
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on mood, depression, anxiety and inner restlessness might be promising targets for mental
health promotion and preventive interventions across the whole weight spectrum. This is
especially important for large-scale interventions to prevent obesity and eating disorders in
school settings [63,64], where individualized interventions dependent on the individuals’
weight status are difficult to implement.

The findings from this study must be interpreted in line with the following limitations:
First, as in every network analysis, the findings strongly depend on the (variety of) variables
that are considered. In this study, we focused on general psychopathological symptoms
and well-being variables. Eating disorder symptoms were obtained with a brief screening
questionnaire only and we did not obtain detailed information on restraint eating, binge
eating or weight/shape concerns using more specific instruments. Due to time constraints,
we used the YSR questionnaire assessing different behavioral and emotion problems
rather than different instruments assessing different psychopathological symptoms (e.g.,
depression, anxiety, conduct problems, attention problems) separately (and probably more
specifically). Moreover, other (non-psychological) variables like physical activity or dietary
habits, which were not addressed in this study, might have provided additional information
regarding the interplay between mental health and lifestyle behaviors among overweight
and underweight adolescents. Second, weight and height information to calculate the
BMI and classify the individual into the overweight, underweight and normal weight
groups was obtained via adolescent self-report; thus, these data might lack accuracy to
some extent. However, a study based on a general sample of adolescents demonstrated
that the difference between self-reported and objectively measured height and weight
is marginal [65]. Hence, self-report information should be sufficiently accurate for the
purpose of the present study where adolescents were classified into broad weight categories
and these data are not used for the diagnosis of anorexia nervosa or obesity. Third, it may
be argued that the size of the subsamples of overweight and underweight adolescents may
be small given the large number of variables and associations to be estimated. However,
to tackle this potential limitation, we used the LASSO estimation which is particularly
suitable for smaller samples as it returns a sparse network model where the number of
parameters that need to be estimated is reduced [43]. Furthermore, the network stability
and edge accuracy measures indicate that the achieved centrality indices and edge weights
can be reliably interpreted with the obtained sample size. Finally, it should be noted that
we have drawn a community sample of adolescents. Thus, the network analysis primarily
informs about promising targets for indicated preventive interventions implemented in
community (e.g., school) settings. Future studies may also focus on treatment seeking
samples of adolescents with severe obesity or severe underweight which may better inform
about important targets for clinical interventions for more severely ill adolescents.

5. Conclusions

Psychopathological symptoms and reduced well-being are especially pronounced
in overweight or obese adolescents. Thus, stand-alone psychological interventions for
this risk group should be considered. At least, mental health components should be an
integral part of any intervention for overweight and obese adolescents which primarily
focus on promoting healthy dietary and physical activity habits, respectively, concerning
losing weight. Our network analysis indicates that psychological interventions focusing
on improving mood (respectively, reducing symptoms of depression and anxiety), coping
with negative emotions and tackling inner tension, restlessness and stress might be the
most promising targets. These variables might also be promising targets for preventive
interventions to promote mental health in adolescents across the whole weight spectrum
which can be implemented through large-scale school-based initiatives.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu13114096/s1, Table S1: Standardized centrality indices of the EBIC graphical LASSO
network for the overweight and underweight subsamples, Figure S1: Correlation stability plot
measuring the stability of betweenness, closeness and strength indices in the overweight subsample,

112



Nutrients 2021, 13, 4096

Figure S2: Correlation stability plot measuring the stability of betweenness, closeness and strength
indices in the underweight subsample, Figure S3: Edge accuracy plot depicting 95% confidence
obtained from 1.000 bootstrap samples drawn from the population overweight adolescents, Figure S4:
Edge accuracy plot depicting 95% confidence obtained from 1.000 bootstrap samples drawn from
the population underweight adolescents, Figure S5: Network plot and centrality indices plot for
adolescents with normal weight.
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Abstract: Anorexia nervosa (AN) is a mental disorder characterized by an intense fear of weight gain
that affects mainly young women. It courses with a negative body image leading to altered eating
behaviors that have devastating physical, metabolic, and psychological consequences for the patients.
Although its origin is postulated to be multifactorial, the etiology of AN remains unknown, and this
increases the likelihood of chronification and relapsing. Thus, expanding the available knowledge on
the pathophysiology of AN is of enormous interest. Metabolomics is proposed as a powerful tool for
the elucidation of disease mechanisms and to provide new insights into the diagnosis, treatment,
and prognosis of AN. A review of the literature related to studies of AN patients by employing
metabolomic strategies to characterize the main alterations associated with the metabolic phenotype
of AN during the last 10 years is described. The most common metabolic alterations are derived from
chronic starvation, including amino acid, lipid, and carbohydrate disturbances. Nonetheless, recent
findings have shifted the attention to gut-microbiota metabolites as possible factors contributing to
AN development, progression, and maintenance. We have identified the areas of ongoing research in
AN and propose further perspectives to improve our knowledge and understanding of this disease.

Keywords: anorexia; metabolomics; metabolic phenotype; metabolism; microbiota; mass spectrometry

1. Introduction

1.1. Metabolomics: Basic Concepts and Methodological Aspects

Over the last decades, there has been a shift towards precision and personalized
medicine that has led to the development of new ways to approach research in health
and disease. New technologies, the so-called “omics”, have emerged to increase the
understanding of disease onset and development in a holistic way [1,2].

Metabolomics is the comprehensive analysis of the metabolites included in a spe-
cific biological compartment at a specific time (metabolome). The metabolome is highly
dynamic and provides valuable information about the ongoing processes in the human
body. Since metabolites are the downstream effectors in the molecular pathways (genome—
transcriptome—proteome—metabolome), they reflect the changes that have occured at
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prior stages of these pathways and give an accurate description of the phenotype. In this
context, metabolomics has been extensively applied to the discovery of biomarkers for
diagnosis, prognosis, and progression of disease in the clinic [3,4].

Importantly, the term metabolomics has been widely applied to studies that cover
the metabolic alterations present in different conditions. The most important analytical
techniques for the study of the metabolome are nuclear magnetic resonance (NMR) and
mass spectrometry (MS). NMR spectroscopy is an analytical technique in which a strong
magnetic field is applied to excite the nuclei of the molecular atoms. After that, the atoms
return to their lower-energy state, remitting a radiofrequency that is measured by the
detector. NMR has been extensively used for the quantitative measurement of metabolites
within complex biological matrices [5,6]. MS is an analytical technique based on the
formation of ionic species and its later separation according to mass-to-charge ratios under
the application of electric or magnetic fields. Additionally, MS-based metabolomics is
usually coupled to high-resolution separation techniques: gas chromatography-MS (GC-
MS), liquid chromatography-MS (LC-MS), or capillary electrophoresis-MS (CE-MS). It can
also be directly performed without metabolite separation by direct infusion (DI) or flow
injection analysis (FIA) [7]. Although NMR provides highly accurate and reproducible
results in a short time, MS offers higher sensitivity and wider metabolomics coverage, being
a powerful platform for metabolomics analyses. Moreover, MS appears to be the optimum
technique for targeted approaches, and it has become the most employed technique in
metabolomics in recent years [1,8].

According to their scope, metabolomics studies can be generally divided into untar-
geted and targeted, although sometimes there is an overlap between these approaches [1,9].
Untargeted metabolomics focuses on the global detection and qualitative analysis of all the
metabolites present in one sample. These studies are usually performed under discovery
stages, where the objective is to gather all the possible information to unveil compounds
that could be of interest in a given alteration [1]. Untargeted studies present a complex
workflow that comprises analytical procedures but also advanced chemometric analysis to
untangle the large amount of information obtained. Due to the wide chemical variability
and heterogeneity between the compounds that can be analyzed, multiplatform strategies
are employed to broadly cover the metabolome. It is common to combine LC-MS, GC-MS,
and CE-MS strategies to analyze all the possible compounds within one single sample,
as each technique is best suited for a subset of metabolites with similar physicochemical
properties. The main challenge of this first approach is to process all the information that is
extracted from each sample, and the main limiting step is the identification and annotation
of the compounds found [4,7,10].

On the contrary, targeted metabolomics aims to cover a concrete set of chemically
defined metabolites. This is the classical metabolomics approach in which the compounds
of interest are previously selected, and then strategies for analysis are defined. The main
advantage of targeted metabolomics is that it can be quantitative (absolute concentra-
tions are determined) or semi-quantitative (comparative measurement of metabolite abun-
dances/intensities between groups) [11–13], while untargeted metabolomics is a compara-
tive approach, usually between patients and controls. The determining step in targeted
metabolomics is to optimize the analytical conditions to enhance the method sensitivity and
selectivity to measure the subset of compounds of interest. This approach is usually em-
ployed in biomarker validation after a first discovery step, which implies the combination
of both metabolomics strategies [3,4].

Metabolomics is therefore a useful methodology to identify novel therapeutic targets
and progression or severity biomarkers to develop effective strategies for the treatment or
diagnosis of many different diseases, including anorexia nervosa (AN).

1.2. Anorexia Nervosa

Anorexia nervosa is a psychiatric disorder characterized by excessive dieting, some
compensatory behaviors (excessive exercise, vomiting, and use of laxatives) and, specific

118



Nutrients 2021, 13, 4249

psychopathological symptoms (disturbances in the perception of body weight and/or
image and fear of becoming fat) that leads to severe and maintained weight loss, which
results in progressive malnutrition. The American Psychiatry Association, in the fifth
edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) [14], proposed
the existence of other restrictive eating disorders such as avoidant/restrictive food intake
disorder (ARFID) that presents no specific eating psychopathological symptoms of anorexia
(weight concerns and body image disturbance) but features eating or feeding alteration.
ARFID includes individuals who meet criteria for the Feeding Disorder of Infancy and
Early Childhood DSM-IV category, but also other individuals with clinically significant
eating problems who are not included in former DSM categories or therefore must be
assigned a diagnosis of eating disorder not otherwise specified (EDNOS), such as selective
eating and/or dysphagia [14]. DSM-5 also introduces a new category “Other Specified
Feeding or Eating Disorder” (OSFED) for individuals who do not meet criteria for anorexia
nervosa, bulimia nervosa or binge disorder and includes five disorders: atypical anorexia,
purging disorder, subthreshold bulimia, subthreshold binge eating disorder, and night
eating disorder.

AN can be further classified into two main subtypes, restricting and binge/purging
disorder. Restrictive anorexia nervosa (AN-R) courses mainly with reduced food intake and
excessive exercise, while binge/purging anorexia nervosa (AN-BP) also presents severe
energy intake restriction but is combined with recurrent episodes of binge eating or purging
behaviors [14,15]. Regardless of the subtype, AN has become one of the most predominant
eating disorders with a lifetime prevalence in the general population of 0.6%, being three
times higher among females (0.9%) than males (0.3%) [16,17].

The more inclusive DSM-5 criteria reduce the proportion of EDNOS diagnoses re-
garding DSM-IV and increase the proportion of anorexia and bulimia nervosa, with the
new cases probably tending to have a higher minimum body mass index (BMI) and a
more benign course [14]. Moreover, it is the eating disorder with the highest mortality rate,
mainly due to cardiac complications or suicide [18–20].

Although the etiology of AN remains unclear, there is evidence for disturbed appetite
and behavioral pathways that could suggest the physiological origin. Furthermore, it is
well established that neurological and genetic predispositions, as well as biological and
psychological traits and early experiences in life, might sensitize the individual to stress
and hypothalamic-pituitary-adrenal (HPA) axis dysregulation. This sensibility can be
further aggravated with environmental and socio-cultural factors that may favor the onset
of an eating disorder [21,22]. Thus, AN is postulated to have a multifactorial etiology, and
certain conditions may promote the onset in a predisposed population (Figure 1).

Once the disease starts, the maintained weight loss and the altered eating behaviors of
the patients lead to wide metabolic dysfunctions complicating the overall clinical picture
of the disorder. Among the metabolic alterations, individuals with anorexia nervosa are
commonly found to present mild plasma hyper aminoacidemia [23], increased cholesterol
levels [24,25], electrolyte imbalances leading to hyponatremia and hypokalemia [26], and
profound endocrine disturbances [27–29]. AN patients are reported to have lower tri-
iodothyronine (T3) and thyroxine (T4), showing an altered hypothalamic-pituitary-thyroid
axis [26]. In addition, increased cortisol levels in serum and urine have been found, sug-
gesting hyperstimulation of the HPA axis [30,31]. Moreover, patients also have distorted
appetite-regulating mechanisms, characterized by increased levels of peptide PYY and
ghrelin and decreased concentrations of leptin [26,31–34]. Finally, their extreme eating
behaviors lead to micronutrient deficiencies, including reduced levels of zinc, copper,
vitamin C, riboflavin, and vitamin B6 [26,35]. Nutritional deprivation can eventually lead
to severe complications, including cardiac problems, which is one of the principal causes
of death in this disease.
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Figure 1. Main factors predisposing to the development of anorexia nervosa [21,22].

Recent findings in the alteration of intestinal microbiota due to eating behavior and
diet have led to increasing interest in microbiota in eating disorders. Few studies have
analyzed the microbiota composition in AN, and modifications in microbiome compo-
sition and their by-products are scarcely described [18,36,37]. Several fecal metabolites
are involved in mood modulation, learning, and memory mechanisms. Regarding this,
short-chain fatty acids, lipopolysaccharides from gram-negative bacteria, and neurotrans-
mitters are microbiota metabolites that have autocrine or paracrine functions in the human
body [18,38,39]. Moreover, there are chiral metabolites that can have different stereoisomers
D and L, with very different biological activity. Amongst these, amino acids and hydroxy
acids are involved in neuro-immuno endocrine regulation. The sources of D-amino acids
and D-hydroxy acids are food, endogenous enzymatic processes, and the microbiome. The
D form of some amino acids, mainly D-serine and D-aspartate, is altered in psychiatric
diseases such as schizophrenia or bipolar disorder, but also depression, a common feature
in AN [40–43]. Lactate, a hydroxy acid, is also modified in schizophrenia, depression, and
stress disorders [44,45]. Some of these compounds act on receptors in intestinal endothelial
cells, and others reach the systemic circulation and can enter the central nervous system,
where they mediate different responses [18,38,39]. Thus, the analysis of these microbiota
by-products could be relevant for improving our knowledge of the psychopathology of AN.
Whether dysbiosis and altered microbiota metabolites are a consequence of malnutrition or
if they are involved in AN onset and progression requires further research [21].

To date, the treatment for AN is based on renourishment therapies, as well as psy-
chotherapy and psychopharmacological interventions, to reduce the core psychopathology
and the associated disorders (mainly anxiety, depressive and obsessive–compulsive). Un-
fortunately, specific treatments that target the origin of the disease are still lacking. Thus,
there is an increased probability of relapse and to develop a chronic state of the disease,
and around 50% of the patients do not achieve full recovery even during a long follow-up
period [46]. Treatment objectives should have a strict priority: prevent the death of the
patient, prevent the disease from becoming chronic, and attainment of physical and mental
recuperation. An integral treatment program should be carried out by a multidisciplinary
and coordinated team, including a pediatrician, endocrinologist, psychiatrist, psychologist,
and nutritionist.

As a result, the elucidation of the etiology of the disease is of enormous interest to
improve treatment and disease outcomes [21]. The pathophysiology of AN could be better
elucidated by combining different “omics” approaches to obtain an accurate characteri-
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zation of the alterations present. In this context, metabolomics appears to be an excellent
tool to characterize the metabolic profile of AN patients, leading to the identification of
potential alterations that could be useful for the clinical management of anorexia.

The present review aims to present and discuss the information contained in the
metabolomics studies that have been performed to date on AN patients with two main
objectives: (1) To clearly define the metabolic phenotype of individuals with anorexia
nervosa, which is essential for providing new insight into the etiology and pathophysiology
of the disease, and (2) To identify the areas that are still uncovered by metabolomics and
need further research in the field, with the final purpose of improving disease management
and prognosis.

2. Background

After a thorough bibliographic query including the terms “Metabolomics” or “Metabo-
nomics” and “Mass Spectrometry” or “Nuclear Magnetic Resonance” and “Anorexia Ner-
vosa”, we found 72 records. Only studies that performed metabolomics (either targeted or
untargeted, by NMR or MS) of human samples of AN patients from the last 10 years were
included. Thirteen studies were therefore selected for the narrative review and they are
summarized in Table 1.

Four studies out of thirteen employed a targeted metabolomics approach: only [47–50].
Other studies used a combined targeted and untargeted metabolomics approach in their
analyses [51–54]. Most of the studies included used MS for the instrumental analysis.
Prochazkova et al. used a combination of NMR and MS for metabolite identification and
quantification [54]. Salehi et al. performed serum profiling of AN samples by 1H NMR [55].

All the included studies were performed on young adult human females. All the
studies performed, with the exception of one, were based on case vs. control analyses,
comparing a healthy control group to AN patients. However, ten of them also included
patients after treatment, either in the short-term, the long-term, or fully recovered pa-
tients [47–49,52–58]. Bulant et al. studied the evolution of the steroid profile of hospitalized
women with anorexia nervosa with no control group [50]. One study also performed a
timeline analysis including fasting and postprandial samples [56]. Four studies specified
that the patients had the restricting type of AN [47,48,51,54]. Moreover, two studies in-
cluded AN-R and AN-BP patients and established comparisons between them and the
healthy controls [37,49]. Three more studies identified both types of AN in their patients,
but they did not perform any differential analysis between them [57,58].

Regarding the type of sample analyzed, plasma/serum samples were selected in nine
studies [47–53,55,56], and fecal samples from AN patients were analyzed in the rest of the
investigations [37,54,57,58].
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3. Metabolic Alterations in Anorexia Nervosa

Individuals with anorexia nervosa present severe metabolic disturbances as a conse-
quence of abnormal eating behaviors. Alterations in biochemical parameters have been
described in AN (cortisol, cholesterol, electrolytes, etc.). However, the metabolic phe-
notype or fingerprinting of AN has been scarcely studied. Predominantly, plasma and
serum samples are analyzed due to the ease of sample acquisition and the information
they provide about the metabolic status. Generally, studies are focused on small groups
of metabolites such as amino acids, lipids, or carbohydrates. Hence, wide untargeted
metabolomics analyses are still lacking in AN. The main metabolomics alterations found in
plasma from AN patients are summarized in Figure 2 and detailed below. Additionally, in
Supplementary Table S1 there is a compilation of all the described alterations in human
samples of AN found by metabolomics.

 
Figure 2. Summary of the main metabolomic alterations found in plasma or serum samples from AN patients in the included
studies. Altered pathways: (A) glycolysis and gluconeogenesis, (B) methionine and cysteine metabolism, (C) serine and
glycine metabolism, (D) lipid metabolism, (E) urea cycle, (F) tricarboxylate cycle, (G) phenylalanine and tyrosine metabolism,
(H) glutamate, glutamine, proline and histidine metabolism, (I) branched-chain amino acids metabolism, (J) serotonin
pathway, (K) kynurenine pathway, (L) indole pathway, (M) tryptophan metabolism. Metabolites: (1) glucose, (2) pyruvate,
(3) alanine, (4) taurine, (5) serine, (6) glycine, (7) methionine, (8) citrate, (9) cis-aconitate, (10) isocitrate, (11) succinate,
(12) malate, (13) asparagine, (14) ornithine, (15) arginine, (16) guanidinosuccinate, (17) p-cresyl sulfate, (18) tyrosine,
(19) phenylalanine, (20) phenylacetylglutamine, (21) phenylacetate, (22) hippurate, (23) tryptophan, (24) indole-3-acetate,
(25) indoxyl sulfate, (26) glutamate, (27) glutamine, (28) histidine, (29) proline, (30) fatty acids, (31) phosphatidylcholines,
(32) lysophosphatidylcholines, (33) sphingomyelins, (34) acylcarnitines, (35) oxylipins, (36) leucine, (37) isoleucine.
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3.1. Amino Acids

Amino acid dysregulation is usually found in patients with AN, probably related to
chronic starvation and altered dietary habits. Some studies have analyzed the amino acid
profile in AN patients and the results are inconsistent. However, only a few studies have
used metabolomics to assess the amino acidic profile.

3.1.1. Plasma and Serum

M. Föcker et al. performed a targeted metabolomics assay to determine 163 metabo-
lites in serum of acute patients, weight-restored patients, and controls. The analysis
was done by FIA-MS/MS (Flow injection analysis with tandem mass spectrometry) us-
ing the AbsoluteIDQkit® p150 from Biocrates (Innsbruck, Austria). They found mild
hyper aminoacidemia in patients, with significantly increased concentrations of glu-
tamine, glycine, histidine, leucine, methionine, ornithine, phenylalanine, serine, and tryp-
tophan [48]. However, in a second study a few years later with the AbsoluteIDQkit®

p180, they only reported a significant increase in glutamine, glycine, histidine, serine, and
tryptophan [47]. Surprisingly, they described more important metabolic alterations in the
weight-restored patients than in the acute phase compared to controls, meaning either that
the acute patients adapt to chronic starvation or that the rapid weight gain has a huge
impact on metabolism.

Conversely, Miyata et al. studied serum amino acids of individuals with anorexia
nervosa through an untargeted approach combining UPLC-MS and CE-MS. They found sig-
nificantly lower values of alanine, asparagine, betaine, histidine, allo-isoleucine, isoleucine,
leucine, methionine, proline, taurine, and tyrosine. They also described decreasing ten-
dencies in some other amino acids such as arginine, aspartate, phenylalanine, serine,
tryptophan, valine, and threonine. The authors mentioned increasing tendencies in the
levels of glutamate, glutamine, glycine, and lysine, although they were not statistically
significant. Cysteine levels were not assessed [51].

Burdo et al., in their study on plasma levels of carbon metabolism in AN, reported
increased levels of betaine and no variation in methionine in acute patients compared with
controls and recovered women [49], contrary to what Miyata et al. and M. Föcker et al.
have described [48,51].

Salehi et al. performed a metabolomics study based on 1H NMR on serum samples.
They compared the profile of acute AN patients (AN) with recovered patients (RecAN) and
healthy controls. Five out of twenty-one metabolites were significantly different between
the groups. Glutamine was higher in AN when compared to the other groups, but it did
not show significant differences between healthy controls and RecAN. Threonine was
significantly increased only in RecAN when compared with the AN group. Proline, alanine,
serine, and glycine did not show significant variations between the groups [55].

3.1.2. Feces

Monteleone et al. performed an untargeted metabolomics assay by GC-MS of fecal
samples in acute AN patients, weight restored patients, and healthy controls. They stud-
ied 224 identified metabolites, and phenylalanine was significantly decreased in weight-
restored patients but acute patients had normal levels compared to healthy controls [57].
However, one year later, Monteleone et al. described decreased levels of phenylalanine,
aspartate, serine, and methionine in acute and weight restored AN patients. Leucine was
decreased but only in acute patients compared to healthy controls [58]. In 2021, this group
performed a new study by using an untargeted metabolomics approach with GC-MS in
fecal samples comparing both types of AN [37]. They found that isoleucine, leucine, valine,
and pyroglutamate are decreased in both types of AN, but the AN-BP subtype presents
lower levels than the restricting type compared to controls. Nonetheless, tyrosine and
threonine were decreased in AN-R but increased in AN-BP patients.

Although the described amino acid disturbances are not consistent between studies,
there is a clear disorder in the amino acidic profile of AN patients. Despite the direction
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of those variations, we can presume that the mechanisms for homeostasis of amino acids
are altered in AN, which in turn leads to modified concentrations of these metabolites
in patients. Free amino acid concentrations are the result of the relationship between the
incoming sources of amino acid, which include dietary uptake, endogenous synthesis, and
gut-bacteria metabolism, and amino acid depletion by protein synthesis and catabolism to
increase energy uptake. The altered amino acid pattern is therefore associated with these
processes, and whether it is a consequence of chronic starvation or a marked trait of AN
that could play a role in the biological origin needs to be clarified.

3.2. Lipids

Alterations in the lipid profiles in the plasma, serum, and feces of AN patients have
also been described. Distorted eating behaviors, related to fasting and reduction of car-
bohydrates and fats, produce massive disturbances in metabolism, increasing lipolysis,
gluconeogenesis, fatty acid oxidation, and proteolysis [59]. These variations are reflected
in the lipidome of individuals with anorexia nervosa. Different strategies have been used
to assess the lipid profile in AN.

3.2.1. Plasma and Serum

Föcker et al. studied the serum lipidome by targeted metabolomics. In a first approach,
they reported increased lipid concentrations in AN patients during acute starvation and
after weight recovery compared to healthy controls. Glycerophospholipids, including phos-
phatidylcholines (PC), lysophosphatidylcholines (LPC) and sphingomyelins (SM) were
significantly increased in patients (e.g., LPC(14:0), LPC(17:0), PC(32:2), PC(32:3), SM(16:0),
SM(18:1). In addition, they also observed increased concentrations of some carnitines
in serum of AN patients at both time points (e.g., carnitine, acetyl-carnitine) [48]. These
results are consistent with previous studies that described the lipid profile of plasma in AN
by non-metabolomics approaches [60]. However, Miyata et al. reported that by untargeted
metabolomics lower concentrations of some acylcarnitines (AC), such as palmitoylcarnitine,
butyrylcarnitine, O-acetylcarnitine, and octanoylcarnitine are observed [51]. Additionally,
the changes found by Föcker et al. after renourishment therapy were higher than in the
acute state, similar to that found with amino acids, meaning that metabolism is highly
susceptible to maintained starvation but even more to the subsequent weight recovery [48].
Nonetheless, in a subsequent study, Föcker et al. found fewer differences between controls
and the acute starvation state. The most significant changes were between the starva-
tion state and short-term weight recovery. After complete renourishment therapy, the
metabolome was restored, reaching values close to those of the healthy controls. Hence,
metabolism seems to adapt to long starvation and renourishment processes, reaching stable
metabolic states. The discordances between these studies were justified by the methodolog-
ical differences and the small sample size in both cases. The most relevant findings in this
second study are some compounds that are proposed as potential biomarkers of different
states in disease and treatment of AN. These compounds showed significant associations
with their respective states and homogeneous time-course behavior in the tested samples.
For the starvation state, PC(34:4) and PC(38:3) are significantly decreased and are restored
after therapy. In short-term weight recovery, LPC(16:1) and LPC(20:3) are increased, while
PC(38:6) and pimelylcarnitine are decreased, suggesting that they could serve as possible
markers of the metabolic state during renourishment therapies in AN [47].

Shih et al. used an untargeted metabolomics approach by using GC-MS for the de-
termination of polyunsaturated fatty acids (PUFAs) and a targeted metabolomics analysis
(HPLC-MS/MS) for oxylipins measurement in plasma. Oxylipins are derived from PUFAs
by enzymatic (cyclooxygenases, lipoxygenases, and cytochrome P450) or non-enzymatic
oxidations, and they are the most relevant mediators of PUFAs functions in the human body.
The concentrations of the free fatty acids n-3 (alpha-linolenate-ALA, stearidonate-SDA,
eicosapentaenoate-EPA, and docosahexaenoate-DHA) and n-6 (gamma-linolenate-GLA,
dihomo-gamma-linolenate-DGLA, arachidonate-ARA, and osbond acid-OBA) were re-
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ported to be increased in the plasma of individuals with AN compared to controls. They
analyzed the two major ratios between n-3 and n-6 PUFAs (LA (linolenate): ALA and ARA:
EPA), which are significantly decreased in AN compared to controls. Moreover, those ratios
were inversely correlated with anxiety in individuals with anorexia nervosa, and ARA: EPA
was significantly correlated with BMI in patients as well. They also reported significant dif-
ferences in individual oxylipins and oxylipins ratios. The eicosanoids significantly altered
in AN included DHA and ARA metabolites, which belong to the CYP450 pathway. They
also studied sEH (soluble epoxide hydrolase) activity which is an enzyme involved in the
inactivation of epoxy-fatty acids from CYP catabolism of PUFAs. They finally suggested a
greater in vivo activity, concentration, or efficiency of sEH in AN patients when compared
to controls. The higher activity of this enzyme, involved in the CYP oxylipin pathway, has
been related to increased inflammation and psychiatric disorders such as depression or
anxiety, which are comorbidities of AN [61]. As a general overview, individuals with AN
showed altered lipidome profiles that were correlated with increased neuroinflammation,
anxiety disorders, and lower BMI [52,53].

Nguyen et al. also studied the plasma lipidic profile in acute and recovered individuals
with anorexia nervosa compared to healthy controls at two different time points: fasting
and postprandial. They examined 26 compounds, including saturated and unsaturated
FA by GC-MS. Out of these 26 FA, AN patients presented significant increases in four
species under fasting conditions and in only one of them after food intake. Similar to what
Shih et al. described, laurate, EPA, and DPA (docosapentaenoate) were increased under
fasting while ALA was increased at both timepoints in AN patients [52,56].

Bulant et al. analyzed the steroid profile of serum samples from 33 hospitalized women
with AN. The aim was to determine the steroid variations after renourishment therapy. By
GC-MS in selected ion monitoring (SIM) mode, they found significantly decreased concen-
trations of 7β-hydroxy-metabolites of C19Δ5steroids (7β-hydroxydehydroepiandrosterone
and 5-androstene-3β,7β,17β-triol) which have been related to immunostimulation and
anti-inflammatory properties. They also observed increased concentrations of the steroids
at the beginning of the steroidogenic pathway, pregnenolone sulfate, and 20α-dihydro-
pregnenolone sulfate after treatment [50].

3.2.2. Feces

Monteleone et al. determined the concentration of some FA in feces by GC-MS.
They described lower levels of palmitate in AN-R and AN-BP when compared to healthy
controls. Glycerol was also found to decrease in AN-R but not in AN-BP patients. Glycerol
depletion can occur as a consequence of starvation due to shifts in the energy sources in
carbohydrate deficiency [37]. Monteleone et al. also described increased concentrations of
laurate as well as stearic and hydroxystearates in acute patients, but levels were restored
after treatment [57].

Overall, the plasma/serum lipidome of individuals with AN is characterized by al-
tered concentrations of n-3 and n-6 FA, glycerophospholipids (PC and LPC), sphingophos-
pholipids (SM), carnitines (AC), steroids; and oxylipins [47,48,50–53,56]. Additionally,
hypercholesterolemia and hyperlipoproteinemia have been widely described in AN pa-
tients [24,25,62]. Therefore, LPC, PC, and SM as components of lipoproteins are expected
to increase, which is supported by some of the studies mentioned above [47,48]. Moreover,
during starvation the lipolysis rate is increased to provide energy substrates for the organ-
ism. Hence, triglycerides are hydrolyzed, and FA are mobilized by AC to produce energy
through β-oxidation. Therefore, it is plausible that there is an increase of FA and AC in
starvation states [48,59,62]. Lipid metabolism is complex and highly variable and can be
associated with the state of the disease, sex, age, and more importantly, diet. However,
follow-up studies have shown that lipidic profiles are completely restored after treatment,
supporting the existence of underlying alterations that need further research [62,63].
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3.3. Sugars
3.3.1. Plasma and Serum

Carbohydrate profiles also differ in patients and controls. By using 1H NMR, Salehi et al.
reported lower glucose levels in AN patients compared to controls, but it did not follow
the same trend in the recovered patients [55]. In addition, the sum of hexoses determined
by Föcker et al. was significantly decreased in acute patients compared to long-term
treated patients and controls. In the short-term treated group, hexoses were diminished
compared only to healthy controls [47]. In contrast, their previous study showed a higher
concentration of hexose in acute and weight-restored patients than in healthy women.
However, there were no differences between the patients, either in the acute phase or after
treatment [48].

3.3.2. Feces

Monteleone et al. compared the fecal profile of AN-R and AN-BP patients to con-
trols and found that allose, arabinose, lactose, rhamnose, scylloinositol, and xylose were
decreased in both groups, but AN-BP presented lower levels when compared to controls.
On the contrary, sorbose and tagatose levels were lower in the AN-R group, although
both types of patients had significantly decreased concentrations. In summary, a general
decrease of carbohydrates was found in the plasma of AN patients independently of their
type [37]. Accordingly, in a previous study, they determined that fucose, rhamnose, and
xylose were diminished in patients, but normal levels were recovered after renourishment
therapy [57,58]. These authors also found that arabinose and tagatose were lower in acute
patients, reaching the highest concentration after weight restoration [58].

Altered carbohydrate metabolism is expected in AN. The dietary habits in AN are
usually characterized by a low intake of fat and carbohydrate, which makes the organism
rely on other sources of energy. Carbohydrate depletion is generally described in under-
nutrition and starvation. Under fasting conditions, the physiological response involves
glycogen breakdown to resort to glucose fuels, which are the main energy source for the
cells. Thus, during the early stages of AN, we might find a temporary increase of the carbo-
hydrates in blood that are rapidly consumed. Nevertheless, in chronic starvation, glycogen
deposits are exhausted, and there is a shift towards lipolysis and muscle breakdown as
energy sources [59].

3.4. Tricarboxylate Cycle

Profound metabolic alterations that affect energy metabolism will also impact the
tricarboxylate (TCA) cycle. Therefore, disturbances in metabolites within this pathway
have been found in AN.

3.4.1. Plasma and Serum

Miyata et al. reported lower levels of intermediates of the TCA cycle in the serum
of individuals with AN compared to healthy controls, including malate, succinate, and
cis-aconitate [51].

3.4.2. Feces

Likewise, Monteleone et al., in their study of fecal samples from AN patients, reported
lower levels of malate in AN-BP and AN-R, while succinate was decreased in AN-R and
increased in the AN-BP group [37].

3.5. Uremic Toxins

Miyata et al. performed a targeted metabolomics analysis of six uremic toxins in
serum samples by LC-MS/MS. They found that all, p-cresyl sulfate, hippurate, indoxyl
sulfate, indole-3-acetate, phenylacetate, and phenyl sulfate, were significantly higher
in AN patients versus the control group. Moreover, by an untargeted approach, they
were able to identify increased concentrations of another two toxins in the AN-R group:
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guanidinosuccinate and N2-phenylacetylglutamine. Although there was no signal of renal
damage in the patients, uremic toxins were increased. As some gut microbiota species can
produce uremic toxins, it has been suggested that this increase could be potentially linked
to gut dysbiosis in AN patients [51].

3.6. Microbial Metabolites

Recent research has focused the attention on the gut-microbiota-brain axis. The impact
of gut microbiota on health and disease has recently been described and appears to be an
important biological factor in the development and maintenance of EDs. Gut microbiota
is defined as the heterogeneous, unique, and dynamic ecosystem of the intestine that
depends on complex interactions between genetic and environmental factors [21,64]. Its
role in normal physiology and homeostasis is unquestionable. The microbiota is mainly
constituted of bacteria, although there are other organisms such as archaea or protozoa.
The composition is highly variable among individuals depending on endogenous and
exogenous factors such as sex, age, physical activity, genetic features of the host, and
infections, among others. However, it has been demonstrated that the predominant factor
determining microbiota composition is the diet [36].

The numerous implications of gut microbiota on host health and wellness range
from nutrient/energy metabolism to brain function and mood regulation pathways [65].
Moreover, complex direct and indirect interactions between the microbiota, gut, and brain,
have been described constituting the termed “microbiota-gut-brain axis”; and microbiota
appears to be involved in the regulation of behaviors and emotions, such as learning, stress,
depression, and anxiety, that are common traits in AN [39,66].

Once established that the host diet is critical in the gut microbial composition [21]
and that patients with EDs have altered nutritional patterns, it can be assumed that these
patients will present a modified microbiota [39] and indeed, this has been described in
AN. This dysbiosis results from starvation and malnutrition, but the impact on the onset
and progression of the disease needs to be further elucidated [18,67–72]. Gut microbiota
produces a set of bioactive molecules that can induce different responses in the host. Exper-
imental data suggest that an important part of the circulating metabolites in the human
body are derived from gut microbiota [73]. Some of these metabolites can interact with
receptors in enteroendocrine cells (EECs), and some others can enter systemic circulation
performing paracrine functions [74]. Among those metabolites, short-chain fatty acids (SC-
FAs), neurotransmitters, and lipopolysaccharides are widely studied due to their autocrine
and paracrine effects.

To assess the putative effect of dysbiosis on the physiopathology of AN, a combined
analytical strategy that determines the composition of the microbiota and its subproducts
should be performed. Metabolomics tools can be applied to analyze the products of
bacterial metabolism that develop important functions in the human body. To do so, the
patient’s fecal sample constitutes a high-value specimen and should be analyzed. However,
alterations in feces have been poorly studied for AN.

SCFAs, such as butyrate, propionate, and acetate, are one of the main products of
bacterial metabolism. They come from the fermentation of non-digestible carbohydrates,
fiber, and resistant starch. SCFAs can target the ENS stimulating the sympathetic nervous
system, which is implicated in energy consumption [73,75].

P. Monteleone et al. and A.M. Monteleone et al. performed untargeted metabolomics
of fecal samples by GC-MS. In their comparative analysis between both anorexia types,
they found that acetate was decreased in AN-R patients but not in the AN-BP group [37].
Moreover, they described increased propionate in AN patients that is restored after treat-
ment, contrary to butyrate that is unchanged in patients and decreases after weight recov-
ery [57,58].

Prochazkova et al. performed a multi-omics study with fecal samples from individuals
with AN before and after renourishment compared to healthy controls. They determined
the composition of gut microbiota and performed targeted metabolomics assays for the
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analysis of fecal SCFAs and neurotransmitters. Butyrate, acetate, and propionate were
analyzed by NMR while the neurotransmitters were determined by MS on selective re-
action monitoring (SRM). Butyrate was diminished in the ill patients but showed partial
recovery after renourishment therapies, although normal values were not achieved. On
the contrary, propionate was significantly decreased in patients after treatment, but there
were no significant differences in acute patients compared to controls. Acetate levels were
significantly lower in both groups of patients, which implies that renourishment does not
restore the normal SCFAs profile.

As suggested previously, the changes in fecal metabolites in patients with AN may
result from either their chronic malnutrition and/or changes in their gut microbiota com-
position [37,57]. Regarding this, butyrate has been related to a reduction of anxiety and
depressive-like symptoms and to lower neuroinflammation [76–79]. Thus, decreased bu-
tyrate levels might increase susceptibility to depressive-like symptoms. Moreover, the
administration of the three SCFAs to mice showed decreased stress-related behaviors [78].
Propionate has also been found to exert direct functions in the central nervous system, it
can cross the blood-brain barrier acting on different receptors related to the protection of
neuroinflammation mainly [80].

Regarding neurotransmitters, ill patients showed a significant decrease in γ-aminobutyrate
(GABA) and dopamine levels. A.M Monteleone et al. also reported significantly decreased
GABA levels in both types of AN patients (AN-R and AN-BP) [37]. However, serotonin
was only significantly lower in renourished patients. Contrary to expected, the comparison
between the patients before and after weight restoration did not yield any significant
variation. Tyramine, kynurenine, and hydroxytryptophan concentrations did not vary
between groups and they did not change during the course of hospitalization. As a result,
novel therapeutic approaches are required to be combined with renourishment to improve
the metabolic state of patients [54].

3.7. Covariates

A very important issue in clinical trials is the impact of the covariates. In the studies
about anorexia discussed in the present review, covariates such as age, BMI, leptin levels are
usually recorded and reported, as part of the diagnosis, prognosis and follow-up criteria for
the evaluation and management of the disease. Only a few studies included a detailed spe-
cific statistical analysis of the impact and association of covariates. Burdo et al. [49] further
tested for several associations between nutrient levels and BMI, as well as eating-disorder
symptoms, and they reported that vitamin B12 was negatively associated with BMI in AN.
Traits of highly specific markers such as the epoxy-fatty acids and other oxylipins were
considered together for ANOVA with other covariates such as age, BMI or anxiety [52,53].
Covariates such as BMI and psychiatric comorbidities were also considered [56], but only
to evaluate their correlation with the metabolomics findings (individual fatty acids).

4. Conclusions and Further Perspectives

AN is a devastating and complex disease with a multifactorial origin. Through
targeted and untargeted metabolomics mainly based on 1H NMR or MS, the metabolic
phenotype of individuals with anorexia nervosa provided has shed light on the metabolic
alterations beyond the classical tests. Alterations in pathways such as glycolysis and
gluconeogenesis, methionine and cysteine metabolism, serine and glycine metabolism,
lipid metabolism, urea cycle, tricarboxylate cycle, phenylalanine and tyrosine metabolism,
glutamate, glutamine, proline and histidine metabolism, branched-chain amino acids
metabolism, serotonin pathway, kynurenine pathway, indole pathway, and tryptophan
metabolism have been revealed. In particular, gut-microbiota metabolites emerge as
possible factors contributing to AN development, progression, and maintenance, and
deserve further research.

However, validation is a critical point in untargeted metabolomics studies to avoid
chance findings. Discrepancies among different studies can be due to the small sample
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size and the selection of the control group. For this reason, studies with larger sample
sizes considering all possible covariates, and validation of results with targeted analytical
methods are compulsory to obtain reliable results. Large cohort studies will diminish
chance findings, enforcing the statistical significance of the obtained results. Nonetheless,
the recruitment of patients with eating disorders is complicated and hinders the capability
of obtaining consistent metabolomic findings.

Moreover, given the intestinal dysbiosis in patients with AN and the two-way com-
munication between the gut microbiota and the brain, known as the “gut-brain axis”, this
relationship could be an interesting aim for new studies on the mechanism and develop-
ment of AN. In this line, putting together information about different samples such as
plasma and feces and integrating different omics as well as psychiatric data will give an
understanding of this disease and help to design personalized treatments.

In the articles reviewed, sometimes D- or L- amino acids are referred to in the list of
metabolites. After careful reading of the full text, no chiral analysis is described, which
makes such chiral assignation doubtful and therefore, D- or L- chiral assignation has
not been included in this review. Furthermore, up to now, as a global evaluation, chiral
assessment in biological samples from patients is scarcely available, and absent in the case
of feces samples; thus, it requires further research and development to unveil the role of
chirality in anorexia.

Additionally, longitudinal studies have demonstrated that long term starvation has
important metabolic consequences in AN patients. Thus, as discussed throughout this
review, whether the described metabolic phenotype is a trait marker of the disease or is
a consequence of the food deprivation needs to be further elucidated. Importantly, the
application of metabolomics approaches could provide more and better information in
longitudinal studies about the development of nutritional disorders, such as the Avon
Longitudinal Study [81]. Nevertheless, metabolomics in anorexia nervosa has been almost
exclusively employed to study single time points, when the disease is already diagnosed,
and comparing versus healthy controls.

Notwithstanding the foregoing, although technological advances in the field of omics
sciences are making important progress in the application of precision medicine in most
medical diseases, further research in the comprehension of the etiology, pathogenesis, and
pathophysiology of eating disorders in general and, in the area of AN in particular, are
still required. These studies are necessary to facilitate the future successful application of
specific targeted therapies for individuals and thus allowing the groundwork for a new era
of precision medicine.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10.339
0/nu13124249/s1, Table S1: Metabolites altered in human samples of individuals with AN.

Author Contributions: Funding acquisition, A.G. and J.A.; Project administration, F.J.R. and A.G.;
Resources Provision, C.B., J.A. and A.G.; Supervision, F.J.R., A.G., J.A. and C.B.; Visualization,
L.M.-M.; Writing—original draft, L.M.-M.; Writing—review & editing, L.M.-M., G.Á.M.-M., M.G.,
F.J.R., J.A., C.B. and A.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Ministry of Science, Innovation and Universities of Spain
(MICINN) and the European Regional Development Fund FEDER, grant number RTI2018-095166-B-
I00. supported through, as well as Comunidad de Madrid (B-2017/BMD-3751 “NOVELREN-CM”
and Ref. S2017/BMD3684 MOIR-2) and Instituto de Salud Carlos III, European FEDER (grant number
FIS-PI19/00166) and CIBEROBN. LMM is recipient of MCINN FPU grant (FPU19/05505).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

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

132



Nutrients 2021, 13, 4249

Abbreviations

1H NMR proton nuclear magnetic resonance
7β-OH-DHEA 7β-hydroxy dehydroepiandrosterone
AC acylcarnitines
Ala alanine
ALA alpha-linolenic acid
AN anorexia nervosa
AN-BP anorexia nervosa-binge/purging
AN-R anorexia nervosa-restricting
Arg arginine
Asp aspartate
BMI body-mass index
CE-MS capillary electrophoresis-mass spectrometry
DPA docosapentaenoic acid
EPHX2 epoxide hydrolase 2
EPA eicosapentaenoic acid
FDR false discovery rate
FIA-MS/MS flow injection analysis-tandem mass spectrometry
GABA γ-amino butyrate
GC-MS gas chromatography-mass spectrometry
Gln glutamine
Glu glutamate
Gly glycine
HPLC-MS/MS high performance liquid chromatography-tandem mass spectrometry
Ile isoleucine
LC-MS liquid chromatography-mass spectrometry
LC-MS/MS liquid chromatography-tandem mass spectrometry
Leu leucine
LPC lysophosphatidylcholines
Met methionine
MS mass spectrometry
NMR nuclear magnetic resonance
Orn ornithine
PC phosphatidylcholines
Phe phenylalanine
Pro proline
PUFAs polyunsaturated fatty acids
sEH soluble epoxide hydrolase
Ser serine
SIM selected ion monitoring
SM sphingomyelins
Thr threonine
Trp tryptophan
Tyr tyrosine
UPLC-MS ultra-performance liquid chromatography-mass spectrometry
Val valine
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Abstract: Obesity, eating disorders and unhealthy dieting practices among children and adolescents
are alarming health concerns due to their high prevalence and adverse effects on physical and
psychosocial health. We present the evidence that eating disorders and obesity can be managed or
prevented using the same interventions in the pediatric age. In the presence of obesity in the pediatric
age, disordered eating behaviors are highly prevalent, increasing the risk of developing eating
disorders. The most frequently observed in subjects with obesity are bulimia nervosa and binge-
eating disorders, both of which are characterized by abnormal eating or weight-control behaviors.
Various are the mechanisms overlying the interaction including environmental and individual
ones, and different are the approaches to reduce the consequences. Evidence-based treatments
for obesity and eating disorders in childhood include as first line approaches weight loss with
nutritional management and lifestyle modification via behavioral psychotherapy, as well as treatment
of psychiatric comorbidities if those are not a consequence of the eating disorder. Drugs and bariatric
surgery need to be used in extreme cases. Future research is necessary for early detection of risk
factors for prevention, more precise elucidation of the mechanisms that underpin these problems
and, finally, in the cases requiring therapeutic intervention, to provide tailored and timely treatment.
Collective efforts between the fields are crucial for reducing the factors of health disparity and
improving public health.

Keywords: obesity; eating disorders; children; adolescents

1. Introduction

Obesity, eating disorders (EDs) and unhealthy dieting practices among children and
adolescents are alarming health concerns due to their high prevalence, more than 1 hun-
dred million [1], and adverse effects on physical and psychosocial health. Even when,
traditionally, obesity and EDs have been looked at as separate conditions, there is emerging
evidence highlighting important overlaps, among others, etiology, comorbidity, risk factors
and prevention approaches [2]. Environmental and social factors, weight-related teasing
by family or peers, thin beauty ideal perceptions by social environment or media may
enable transition from obesity to EDs and vice versa [3]. In the presence of obesity and
its cardiometabolic adverse health consequences, possible additional EDs could further
trigger the burden of current health status and future outcomes [4]. In the present review,
we outline the rationale for the awareness and recognition of risk factors that increase vul-
nerability of obese children and adolescents to EDs and cover several aspects starting with
definitions, common pathogenesis, as well as possible implications on treatment outcomes.
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Finally, we present the evidence that EDs and obesity can be managed or prevented using
the same interventions in the pediatric age.

2. Obesity

Obesity, characterized by the deposition of excessive fat in the body, has been well
documented in both sexes, all age groups, and for every geographical and ethnic group. A
straightforward method to assess body fat indirectly is body mass index (BMI). According
to BMI, weight status is classified in children and adolescents as overweight >85th per-
centile to <95th percentile and obesity 95th percentile or greater [5]. The WHO recommends
the use of BMI z-score defining overweight as having a BMI z-score >1 but less than 2 and
obesity z-score as having a BMI z-score equal to or >2 [6].

The prevalence of overweight and obesity among children has increased substantially
worldwide since the 1990s. According to the WHO, in 2016, one hundred and twenty-four
million children and youth between 5 and 19 years of age were obese and 41 million under
the age of 5 were overweight or obese [1]. Childhood obesity is more prevalent in developed
countries, although an upwards trend is also seen in developing countries [1]. This issue
deserves more attention due to the long-term health effects it may bring on, including
obesity persisting into adulthood and increased risk of chronic diseases. Immediate and
long-term psychosocial health consequences can also be present, including the potential
for reduced self-esteem and depression.

Linked to the development of obesity is the interaction among environmental, behav-
ioral, genetic and metabolic factors [7]. This complex interaction leads to a multifactorial
chronic disease with a variety of phenotypes and clinical presentations. All of these
combined explain the difficulties in management and treatment responses [8]. Factors
contributing to the rise in obesity prevalence world-wide mostly focus on environmental
and behavioral elements. Changes in the child’s environment in terms of easy affordability
of high-calorie fast food, increased portion size, intake of sugar-sweetened beverages (SSBs)
and a sedentary lifestyle are associated with increased incidence of obesity [9].

One of the extensively studied causes for obesity is dietary patterns. Even in early life,
feeding patterns have been linked to an increased incidence of obesity. In an observational
study by Gillman et al. [10], it was reported that in pre-school age children of mothers
who did not smoke or gain excessive weight during pregnancy, breast fed for 12 months,
and slept 12 h/day, presented an obesity prevalence of 6% at age 3 years compared
to a prevalence of 29% among children with the opposite of these four mother/child
behaviors. Diet pattern and quality are important issues in the development of obesity.
Considering diet, it is important to name discretionary food, a relevant element contributing
to childhood obesity. One of the typical examples of this kind of food is SSBs containing a
high amount of sugar [11]. In a birth cohort followed from age 2 to 17, investigators reported
a significant association between SSBs consumption and increasing BMI z-scores [12].

Together with diet, the other pivotal element is physical activity. Advancements
in technology have contributed to more sedentary behavior in children and adolescents.
Screen time includes time spent viewing television, computer use, playing electronic
games, and using mobile phones. Currently, screen time is the most common sedentary
behavior, starting even in infancy [13]. Time spent on screen-based activities can replace
time for physical activity and may affect physical and mental health in youth [14]. Adverse
effects of excessive screen time on physical strength, obesity, and sleep disturbances have
been documented in many studies [15]. Sleep disturbance is a commonly overlooked
risk factor associated with high BP in children and adolescents. Lower levels of parental
education, regular enforcement of rules about caffeine, and presence of electronics in the
child’s bedroom overnight are among the factors related to poor sleep [16]. Along with the
above well-recognized factors, the presence of socioeconomic adversity, family dysfunction,
offspring distress and junk food should be considered [17].

The role of genetics and its contribution to obesity has been filled with a large amount
of research. The susceptibility of weight gain varies among individuals, suggesting that
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there is a heritable component of obesity that interacts with environmental factors [18].
Considering genetic factors, most cases of obesity are polygenic in nature, with multiple
genes making small contributions to the overall phenotype. Therefore, genetic susceptibility
may affect weight when coupled with other contributing environmental and behavioral
factors. In contrast, monogenic obesity is uncommon, accounting for 3 to 5% of obese
children, presenting early weight gain often between the first and second year of life [18].
A mutation in the melanocortin 4 receptor gene (MC4 R) is the most common gene defect,
which is associated with a severe, early form of obesity in children [19].

Adverse childhood experience (ACE) and its link with obesity has received more
attention in the last years. In a recent study, children who had high intrafamilial adversity
scores were more prone to be obese than children with low scores [20]. These results are
in agreement with the findings of a meta-analysis of 41 studies in which the association
of child maltreatment and obesity was assessed [21]. Nowadays, ACE is known to be a
potentially modifiable risk factor for obesity.

3. Eating Disorders

Disordered eating behaviors and EDs both cover a broad group of dimensional mal-
adaptive cognitions and behaviors relating to eating and weight, but differ in their diagno-
sis [22]. Eating disorders refer to psychiatric disorders characterized by abnormal eating
or weight control behaviors [23]. According to the Diagnostic and Statistical Manual of
Mental Disorders Fifth Edition, specific EDs include anorexia nervosa, bulimia nervosa
(BN) and binge eating (BE) [24]. Although the prevalence of EDs varies according to study
populations and the criteria used to define them [25], they are of great concern given their
serious health consequences that may lead to significant impairments in health, psychoso-
cial functioning, and quality of life [26]. The onset of EDs is usually during adolescence,
with the highest prevalence in girls, but EDs may be present in children as young as 5
to 12 years [27]. Recognition of EDs may help to prevent obesity or help weight loss in
cases of sustained obesity [28]. Eating disorders may accompany childhood and adolescent
obesity or may evolve after intensive interventions to treat obesity.

Putative risk factors for EDs have been investigated, testing a wide range of envi-
ronmental [29–31] and genetic factors [32,33]. A recent umbrella review of published
meta-analyses, including 50 associations from nine meta-analyses, found evidence for
childhood sexual abuse as a risk factor for BN and appearance-related teasing victimization
for any ED [34]. There were no ED risk factors supported by convincing evidence possibly
due to the small number of large-scale collaborative longitudinal studies assessing the
relationship between conditions preceding the onset of the disorder and the development
of EDs [34].

A new element has come into play, which is food insecurity, characterized by limited
or uncertain means of accessing nutritious food in a safe and socially acceptable manner.
Emerging evidence consistently indicates that food insecurity is cross-sectionally associated
with the bulimic-spectrum among adults. This has been shown in a national represen-
tative sample of US adults. During a 12-month period, diagnoses of bulimic-spectrum
disorders, mood disorders, and anxiety disorders were more common among individuals
who have experienced food insecurity than among those who were food secure. The study
highlighted that the greatest difference was observed for bulimic-spectrum eating disor-
ders [35]. Considering these findings, it may be necessary to take the pediatric population
into consideration. This emerging evidence needs much more research to better understand
this issue.

Whether ACEs are true risk factors for the development of eating disorders remains
unclear due to the scarcity of not only prospective studies but also the potential selection
bias in clinical samples. In currently available studies, inconsistent results have been
reported. In a population-based study, the authors stated that experiences of life events
are associated with specific eating behaviors in children aged 10 years [36]. These find-
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ings sustain the fact that a link between adverse life events and emotional overeating
exists [37,38].

4. Links between Obesity and EDs

In the presence of obesity in the pediatric age, disordered eating behaviors are highly
prevalent, increasing the risk of developing EDs. The EDs that have been most frequently
observed in subjects with obesity are BN and BE, both of which are characterized by
abnormal eating or weight-control behaviors [39,40]. The typical characteristics of BN and
binge-eating disorder (BED) are recurrent BE episodes, defined as losing control over eating
amounts of food that are objectively large. While attempts to prevent weight gain through
inappropriate compensatory behaviors such as self-induced vomiting is characteristic of
BN, BED does not share this characteristic [40,41].

Both obesity and EDs are generally studied and treated as independent disorders;
however, obesity and EDs can have a bidirectional impact. Among the different EDs, BE is
the one with the highest prevalence of comorbid obesity, followed by BN, and almost 30%
of female patients with EDs had lifetime obesity [42].

Several mechanisms linking obesity with EDs and vice versa have been proposed,
among other environmental and individual risk factors.

4.1. Environmental Risk Factors

Some specific socioenvironmental conditions may act as common risk factors for EDs
and obesity. The most common are family and peer teasing, perceived social pressure,
frequent criticism or bullying [43]. Also, images on television or social media focus on the
ideals of slimness and beauty contribute to body dissatisfaction [44,45], which can act as a
risk factor. Beside the most common factors, many others can be related with family BE
behaviours, parental mood, anxiety or substance use disorder, family dissonance, high
parental demands or perfectionism, and parental separation, identified as possibilities that
play a role in the onset of obesity and EDs. Finally, traumatic life events and negative
childhood experiences (sexual and physical abuse) also increase the risks [46].

4.2. Individual Risk Factors
4.2.1. Biological-Genetic Risk Factors

The strongest known susceptibility locus for obesity is the fat mass and obesity-
associated (FTO) gene [47–49]. Even though it is not fully clear how FTO variants influence
obesity, FTO associations with several EDs, including BED, are apparent [50]. Indeed, vari-
ants of the FTO gene are associated with poor behavioural regulation and BED, suggesting
a genetic role in the pathogenesis of this disorder [50]. Genetic factors notably influence
the regulation of neural circuits by controlling the appetite and satiety pathways, as well as
the regulation of brain reward systems. Single-Nucleotide Polymorphisms in genes linked
to hypothalamic appetite and satiety mechanisms may be involved in the development of
EDs related to obesity such as BED and BN [51].

4.2.2. Psychological and Personality Risk Factors

Some specific psychological characteristics such as low self-esteem, negative self-
evaluation, and high body dissatisfaction may contribute to the development of EDs and
obesity [52]. Research suggests a link between emotional regulation and BE, as well as
food addiction [53,54]. When negative affect and emotional dysregulation precede the
occurrence of BE episodes, it exacerbates guilt and shame, creating a vicious cycle of losing
control over eating [55].

4.2.3. Neuropsychological and Brain Activity Risk Factors

The brain is central to basic research, prevention and treatment in the context of
obesity and EDs [56]. Until very recently, little was known about the neuropsychological
mechanisms of EDs and obesity. Mesocorticolimbic mechanisms that increase “liking”
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include brain hedonic hotspots, specific subregions that can causally increase the hedonic
effect of palatable tastes. In contrast, a much larger mesocorticolimbic circuit generates the
motivation to “want” or induce to obtain and consume food rewards [57].

Theorists focused on the reward circuit because eating palatable food increases ac-
tivation in reward-related regions, including the ventral and dorsal striatum, midbrain,
amygdala, and orbitofrontal cortex, and causes dopamine release in the dorsal striatum
in both humans and other animals [58]. Functional, molecular and genetic neuroimaging
has highlighted the existence of brain abnormalities and neural fragility factors associated
with obesity and EDs, such as overeating or anorexia nervosa [58]. A better understanding
of wanting and linking mechanisms tailored to individual types of EDs and obesity could
lead to better therapeutic strategies, and perhaps help people who wish to more effectively
create stop signals to their own needs [57].

4.2.4. Behavioural Risk Factors

Body dissatisfaction is a well-documented psychological aspect of obesity, especially
for women, and research with female college students found that lifetime experiences of
weight stigma significantly mediated the relationship between BMI and body dissatisfac-
tion [55].

Diet is the most significant behavioural risk factor for the onset of BED. It is well
documented that dieting increases the risk of overeating to counter calorie deprivation and
executive function, weight gain over time [42].

Social isolation can be inherently stressful, depressing, and anxiety-provoking. To
heal these distressing feelings, an individual can engage in emotional eating, where the
food serves as a source of comfort. This has gained special attention during the COVID
pandemic [59,60].

4.2.5. Biochemical

Eating behaviour is a complex process controlled by the neuroendocrine system, of
which the hypothalamic–pituitary–adrenal axis (HPA axis) is the main component and
dysregulation of the HPA axis has been associated with EDs [61,62].

Serotonin also has an inhibitory executive function on eating behaviour [63]. Several
studies have assessed the relationship between the noradrenergic system and EDs. A
recent systematic review identified a series of key data on the relationship between the
noradrenergic system and EDs. Besides its relevant direct, hypothalamus-based actions
on feeding regulation, the noradrenergic system is indirectly implied in various endocrine
networks controlling human nutrition [64]. Dopamine is a neurotransmitter that regulates
the rewarding nature of food [65]. Neuropeptide Y is a hormone that promotes eating and
reduces metabolic rate [66]. Leptin has an inhibitory executive function that affects appetite
by inducing a feeling of satiety [67]. Ghrelin is an appetizing hormone produced in the
stomach and upper part of the small intestine [68]. Circulating leptin and ghrelin levels
are an important factor in weight control. Although often associated with obesity, both
hormones and related executive functions have been implicated in the pathophysiology of
anorexia nervosa and BN [67,68].

4.2.6. Gut Bacteria and Immune System

There is increasing interest in the association of gut bacteria with diseases such as dia-
betes, obesity, inflammatory bowel disease, and psychiatric disorders. The gut microbiota
influences nutrient fermentation, body weight regulation, gut permeability, hormones,
inflammation, immunology, and behaviour (gut–brain axis) [69].

The gut microbiome plays a vital role, not only in regulating mood and behaviour,
but also in regulating metabolic function, appetite control and weight [70]. Studies have
shown that most patients with anorexia and BN have elevated levels of autoantibodies that
affect hormones and neuropeptides that regulate appetite control and stress response. A
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link between the gut microbiome and EDs affecting up to 10 percent of the population has
been shown [71].

5. Management

Evidence-based treatments for obesity and EDs in childhood include as first-line
approaches weight loss with nutritional management and lifestyle modification via behav-
ioral psychotherapy, as well as treatment of psychiatric comorbidities if those are not a
consequence of the ED [27]. The majority of children and adolescents under supervised
obesity treatment may have improvements or no change to ED risk profiles [72]. Higher
baseline dietary restraint scores in obese children have been associated with increased rates
of premature drop out from the intervention program compared to children who com-
pleted the program, independent of gender, age, and BMI z-score at baseline and mother’s
education level [73]. On the other hand, in a secondary analysis of an RCT focusing on
changes in energy intake and diet quality during obesity treatment with post-treatment
eating pathology in adolescents, there was no association between intensity of diet and
EDs [74]. In a systematic review, current measures of dietary restraint and dieting are not
associated with ED risk in the short term; however, long-term data are limited [75].

5.1. Weight Loss, Diet, Behavioral Therapy, Lifestyle Modification

Most organizations support weight maintenance or weight loss as a treatment goal
for the management of pediatric obesity. Lifestyle intervention programs for youth with
some degree of overweight recommend considering a wide multidimensional approach
covering eating and dietary habits. Suffering from weight-related teasing during childhood
and adolescence might lead to emotional eating which, in turn, could impair long-term
weight loss maintenance [76]. Even when programs aiming to treat shared risk factors did
not result in significant differences in terms of weight status, it had an impact on body
dissatisfaction, dieting and weight-control behaviors [22].

Cognitive behavioral therapy (CBT) emphasizes on restructuring of the harmful
patterns that infiltrate daily functioning and changing habits and attitudes that maintain
psychological disorders. CBT has been suggested as a promising treatment approach
for EDs and obesity [77]. However, CBT would be considered as a second-line option
when family-based multicomponent behavioral weight loss treatment (FBT) has not been
effective or could not be applied [77,78].

Multicomponent interventions are regarded to have higher rates of weight loss. FBT is
considered effective at treating childhood obesity and a treatment option for disordered eat-
ing and obesity in children [79]. Compared to an adolescent-focus intervention, a healthy
family-based lifestyle modification could result in increased sustainably of changes [27].
The results of a clinical trial including adolescents on 4-month FBT and subsequent 8-month
weight maintenance interventions showed that weight change following FBT and main-
tenance were reported to be independent of concurrent physiopathology and EDs in the
short or long term [80].

5.2. Motivational Interviewing

Frequent counseling may be required in order to help patients maintain motivation
to achieve a healthy weight [81]. Motivational interviewing (MI) focus on engagement by
establishing a working relationship with the patient in order to explore and plan the need
for changes, while at the same time avoiding stigmatizing language regarding weight that
may negatively impact a teen and result in BE, decreased physical activity, social isolation,
avoidance of health care services, and increased weight gain [27]. Effective health provider–
patient communication using MI techniques have been proved useful to encourage positive
behavior changes [5].

Even when there is a constant interest for a better approach to prevent and treat obesity
among the youth, the actual population-oriented interventions and traditional medical
care have not had the expected impact. This shows us that new alternatives are needed
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in order to fight obesity effectively. As an example, a personalized approach and more
intense family-based multi-professional weight management called “Personalized approach
in obesity management” was initiated in Estonia, being a successful long-term project for
dealing with overweight children. Using the motivational interview method, the self-
motivation of parents and the child for lifestyle changes was examined using the LINE
chair Visual Analogue Scale (VAS—1–10 points), real goals for the child’s lifestyle change
were selected [82]. According to self-assessment, only 14% of children had similar aspects
of health compared to healthy children and, as for the parents, the corresponding figure
was 9%. Quality of life estimated that the indicator of children’s physical and emotional
health is the most frequently disturbed (in 90–92% of respondents). The relevance of the
project’s results can be seen by its nomination as an example of best practice in Estonia in
the EU Joint Action on Nutrition and Physical activity (JANPA) [83].

5.3. APPs and MHealth

Feasibility of medicine-based mHealth intervention targeted for adolescents have
been assessed in order to increase high retention and adherence rates in weight loss
interventions [84]. The intervention using new technologies, mHealth, may contribute to
reduce the degree of overweight in a more cost-effective manner compared to the classical
intervention at the clinic [84].

5.4. Public Health Approaches

One of the main risk factors for disordered eating is body dissatisfaction. However,
most countries’ public health approaches to confront overweight and obesity frequently
use messages that may increase body dissatisfaction in children and adolescents [85]. Thus,
it remains a challenge for policy makers to balance between sociocultural pressure for
thinness and obesogenic environment. The role of the schools at the time to promote health
and educational attainment has been highlighted by the World Health Organization’s
(WHO) Health Promoting Schools (HPS) framework. In a Cochrane review, the WHO HPS
framework was found to be effective at improving aspects of student health including BMI
z-score at the population level [86].

5.5. Drugs

In combination with lifestyle interventions, the only medication for the treatment of
obesity in youth 12 years and older approved by FDA is Orlistat. However, it should be
used with caution in the presence of ED psychopathology to avoid misuse as a purging
agent [87,88]. Orlistat is the only available anti-obesity drug that does not involve the
mechanisms of appetite. It induces weight reduction via the inhibition of lipases in the
mucous membranes of the stomach, small intestine, and pancreas, thereby preventing the
breakdown of triglycerides into fatty acids and their absorption in the intestines [88].

5.6. Bariatric Surgery

Few studies have assessed the effect of bariatric surgery on disordered eating symp-
toms. In a study that included 19 adolescents with severe obesity who underwent a
reversible bariatric procedure, improvements of emotional and behavioral factors were
documented [89]. In a sub-study of the Teen-LABS Consortium, the application of bariatric
surgery in adolescents demonstrated better outcomes 1 year after, not only in weight reduc-
tion but also in disordered eating symptoms, as compared to those who were under the
lifestyle modification program [90]. Participants in the Adolescent Morbid Obesity Surgery
(AMOS) study, 5 years of follow-up after Roux-en-Y gastric bypass surgery showed that BE
and uncontrolled eating were moderately improved at the end of the period [91]. A small
decrease in emotional eating and a small increase in cognitive restraint were also noted
between baseline and 5 years after surgery. Higher scores for BE and emotional eating
at Lang 2 years and 5 years, and for uncontrolled eating at 2 years after surgery, were
also significantly associated with smaller percentage changes in BMI at 5 years relative to
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baseline. These data suggest that bariatric surgery alone does not improve adolescents’
eating behavior and the need for a multidisciplinary team for long-term health support
after adolescent bariatric surgery [91].

5.7. Screening for Adverse Childhood Experiences

There are limited data on the effect of structured intervention models to treat obesity
and EDs in children who have experienced ACEs. Since there is an association of ACEs
with obesity and EDs, the healthcare team should consider the possibility of having an ACE.
Screening for ACEs would be regularly performed using validated tools [92,93]. In the case
of an affected child, multicomponent intervention strategies should include appropriate
psychosocial support and counseling to manage anxiety due to trauma that would impede
the effectiveness of obesity and ED treatment. Of note, prevention policies for ACEs that
may chance self-confidence, social and emotional skills could accompany healthy eating
education on an individual and family level.

6. Conclusions

The rising tide of obesity and EDs and the link between them outlines the rationale
for awareness and recognition of amenable risk factors that increase vulnerability. The
importance of early detection is unquestionable and pediatricians are in a unique position
to identify early and disrupt their progression. Despite well-researched links between the
physical and mental health of youth in the presence of obesity, the resulting mental health
toll is largely ignored. The importance of identifying risk factors shared by both obesity
and EDs may serve as an important focal point for an intervention aimed at simultaneously
addressing both of them. Obesity and EDs are important health challenges in children
and adolescents; therefore, future research is necessary for early detection of risk factors
for prevention, more precise elucidation of the mechanisms that underpin these problems
and, finally, in the cases requiring therapeutic intervention, to provide tailored and timely
treatment. Collective efforts between the fields are crucial for reducing the factors of health
disparity and improving public health.
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Abstract: Obesity has become a major epidemic in the 21st century. It increases the risk of dys-
lipidemia, hypertension, and type 2 diabetes, which are known cardiometabolic risk factors and
components of the metabolic syndrome. Although overt cardiovascular (CV) diseases such as stroke
or myocardial infarction are the domain of adulthood, it is evident that the CV continuum begins very
early in life. Recognition of risk factors and early stages of CV damage, at a time when these processes
are still reversible, and the development of prevention strategies are major pillars in reducing CV mor-
bidity and mortality in the general population. In this review, we will discuss the role of well-known
but also novel risk factors linking obesity and increased CV risk from prenatal age to adulthood,
including the role of perinatal factors, diet, nutrigenomics, and nutri-epigenetics, hyperuricemia,
dyslipidemia, hypertension, and cardiorespiratory fitness. The importance of ‘tracking’ of these risk
factors on adult CV health is highlighted and the economic impact of childhood obesity as well as
preventive strategies are discussed.

Keywords: obesity; cardiometabolic risk factors; hypertension; dyslipidemia; tracking phenomenon;
nutrigenomics
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1. Introduction

The increasing prevalence of overweight and obesity, key components of the metabolic
syndrome (MetS), in the pediatric and adult population poses a high risk of health compli-
cations and is associated with social and economic consequences.

According to the World Health Organization (WHO), the worldwide overall preva-
lence of obesity has nearly tripled since 1975. In 2016, 39% of adults aged 18 years and
over were overweight and 13% were obese. However, among children and adolescents
aged 5 to 19, the prevalence of overweight and obesity has risen even more dramatically:
overweight increased from just 4% in 1975 to over 18% in 2016, while obesity increased from
under 1% in 1975, to 6% in girls and 8% in boys. This is equivalent to more than 340 million
overweight and 124 million obese children and adolescents worldwide in 2016 [1].

Obesity is associated with a high incidence of well-known cardiovascular (CV) risk
factors such as dyslipidemia, hypertension (HTN) and diabetes. Numerous studies have
shown the existence of a CV continuum, in which pathological processes begin as a result
of various risk factors and lead to permanent changes and CV complications through
endothelial damage, vascular and myocardial remodeling, and atherosclerotic processes.
These changes may begin in early childhood and over time significantly increase the CV risk
in young adults. This is of even greater concern in patients with already otherwise increased
CV risk, e.g., in patients with chronic kidney disease (CKD), in whom the influence of
classical and uremic risk factors is cumulative. The question arises, whether in the pediatric
population early intervention in obesity will reduce the future CV risk in adulthood.

In this review we will discuss the importance of an early diagnosis and effective treat-
ment of childhood obesity and the linked early and potentially reversible cardiovascular
damage in children and adolescents to prevent CV complications, which remain the main
cause of morbidity and mortality in the general population.

2. Cardiometabolic Risk Factors

2.1. Perinatal and Early Life Risk Factors

The concept that perinatal conditions, both intrauterine and early life increase the
risk of many diseases later in life has gained traction over the last decades. The impact of
early life on the development of obesity is a relevant issue due to its high prevalence and
association with cardiometabolic risk factors. The greater propensity for obesity in later life
seen in children heavier at birth, and an increase in central fat distribution in those with
low birth weight (BW), suggest that fetal life is a critical window for programming later
body adiposity. Scientific interest has grown regarding the associations of preconception,
maternal and paternal health with childhood obesity. Furthermore, early child growth
patterns have been emphasized as indicators of future child risks. The precise mechanisms
of early programming of such disease states have only partially been elucidated; however,
there is evidence to suggest that a window of opportunity may exist in the infant before
and during pregnancy, and up to two years of age.

2.1.1. Maternal Risk Factors

Epidemiologic and prospective cohort studies have identified maternal and gestational
conditions that confer increased risk for subsequent cardiometabolic disorders [2].

Global rates of childhood obesity have increased dramatically. Evidence suggests
that exposure in utero to maternal obesity or gestational diabetes mellitus (GDM) may
contribute to these alarming trends [3,4]. Children born to mothers with GDM or obesity
during pregnancy have an increased likelihood of developing obesity and metabolic
disorders compared with unexposed children [3,4]. It is challenging to distinguish the
effects of maternal obesity and diabetes in the preconception period compared to the
gestational period, as these characteristics generally track over time. Effects and associated
mechanisms could differ for preconception vs. gestational exposure, resulting in a complex
interaction between the effects of both periods [5]. The epidemiological evidence supports

150



Nutrients 2021, 13, 4176

the need for preconception and early-life interventions to reduce the obesity and diabetes
burden in later life [6].

The potential role of the paternal metabolic contribution to a child’s later risk of
disease has progressively gained more attention. Parental obesity is also a strong predictor
of childhood obesity, and even more so when both parents are obese, this risk appears to
be even greater [7]. Children of parents with obesity likely share not only genetic risks
but also extra-uterine, environmental and lifestyle-related exposures that could explain
some of the associations observed with parental preconception obesity and the offspring’s
obesity risk.

There is some evidence that environmental exposures during pregnancy influence
fetal growth and later risk of obesity on offspring. Maternal smoking during pregnancy
is associated with restricted fetal growth [2]. Additionally, in later childhood, children
of these mothers have a 1.5-fold greater risk for overweight and obesity as compared to
those born to mothers who did not smoke [8]. Air pollution and exposure to synthetic
chemicals occurring in utero and early childhood have been linked to effects on life-long
risk of obesity and metabolic abnormalities [9].

The matter of artificial reproductive techniques (ART) and their impact on childhood
obesity has received increased attention [10]. An increase in body fat in children born
by “in vitro” fertilization was reported by Ceelen et al., as compared to the controls [11].
Although there is little data, the findings are sufficiently compelling to add ART to the list
of prenatal risk factors related to long-term outcomes.

2.1.2. Early Childhood Risk Factors

Birth weight (BW) is a sentinel marker of fetal health reflecting both, the intrauterine
growth and the length of gestation. Not only does low BW merits consideration but also
high BW which is a consequence of intrauterine overnutrition. Based on recent findings,
the associations of abnormal fetal growth with heightened risk for cardiovascular and
metabolic disease extend across a range of birth weights and postnatal growth patterns [9].

Early childhood growth trajectories and rapid catch-up growth have been shown to
influence the development of risk factors. The impact of BW and postnatal growth on the
presence of overweight or obesity, blood pressure (BP) values, metabolic parameters, HTN
and type 2 diabetes (T2D), was assessed in a systematic review [12]. Some studies had a
significant association with BW and/or postnatal growth while others did not. The most
frequent association was seen with BP values and fasting insulin, with the greatest adverse
levels present in those who were born with low BW but then became relatively heavy [12].
In one meta-analysis, the odds ratio for overweight and obesity was 3.66 [95% CI 2.59–5.17]
in the presence of rapid weight gain before 2 years of age, even higher odds were observed
when rapid weight gain occurred before 1 year of age [13].

The above findings underscore the importance of regular growth monitoring. The use
of obesity criteria to identify children at risk will miss many at-risk persons. An upward
crossing of BMI percentiles during childhood, that does not necessarily connote childhood
obesity, also increases the risk.

Early-life feeding practices such as being breastfeed or not, timing of introduction and
type of complementary feeding along with the association with obesity has been analyzed
in observational studies. Some suggest a lower prevalence of overweight and obesity
in children who were fed breast milk compared with infant formula, however, optimal
duration of breastfeeding to provide substantial benefits remains unknown [14].

2.1.3. Molecular Techniques and Their Contribution to Understanding Programming

Even when the precise mechanisms of early programming of such diseases later in
life has not yet been fully understood, molecular studies can offer the opportunity to
dive in depth. The molecular era allowed for the capacity to perform rapid nucleic acid
sequencing and microarray studies, as well as other molecular techniques and has provided
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the potential for far more understanding of developmental origins of health and disease
(DOHaD) [9].

There is now a growing literature concerning the role of epigenetics in DOHaD, the
majority of which has been carried out in experimental models, particularly in rodents. The
degree of adiposity in adult life has been correlated with changes in methylation of DNA at
birth or early in life, suggesting that epigenetic markers might be sought as a predictor [15].

The microbiome and its contribution to health and disease have recently been of
interest to the scientific community. It has been suggested that the microbiome influences
postnatal programming and obesity. Increasingly, the concept that it may play a role in
DOHaD seems appealing [16].

2.2. Diet as a Risk Factor for Obesity and Cardiovascular Complications

There is no doubt that a high intake of sugar causes weight gain, and therefore is
associated with the development of obesity, insulin resistance, and dyslipidemia. All of
them are the most important risk factors for the development of HTN and CV disorders.
The analysis of the data from the National Health and Nutrition Examination Surveys
(NHANES) 1988–1994, 1999–2004, and 2005–2010 (n = 31,147) revealed a significant direct
relationship between added sugar consumption and increased risk for CV morbidity and
mortality in adults [17]. Most of the added sugar are glucose, fructose, and sucrose (in the
intestine sucrose is broken down into glucose and fructose, which are absorbed as such).
Glucose excess is directly associated with hyperinsulinemia, while fructose excess increases
uric acid levels and very-low-density lipoprotein (VLDL) levels leading to hyperuricemia
and liver steatosis [18]. Moreover, it has been shown, that simultaneous consumption of
sugar and salt by obese patients is a greater risk factor for developing high blood pressure
than consuming each of them separately [19].

‘Salt’, properly sodium chloride (NaCl) is the main form of sodium intake. It is
added to most of the processed food. Additionally, the source of sodium may be different
food additives, such as sodium bicarbonate or sodium nitrate added to bread and meat
products respectively [20]. The relationship between salt consumption and arterial HTN
has been known since the beginning of the 20th century [21]. According to the traditional
model, the relationship between sodium excess and the development of HTN in obese
individuals is based on the increase of extracellular fluid volume and higher blood flow
in the kidney [22]. High glomerular filtration rate and renal blood flow increase renal
sodium reabsorption. Glomerular hyperfiltration and neurohumoral activation, within
activation of the sympathetic nervous system, lead to the development of severe HTN,
subsequent glomerular injury, and impaired renal sodium excretion capacity, resulting in
the gradual loss of nephron function [22]. According to that classical theory of ‘salt sensitive’
arterial HTN development, massive salt restriction should be of universal benefit. On this
basis, recommendations were made for general salt reduction [23]. More recent studies,
however, show that dietary salt restriction only has a beneficial effect in certain groups,
including patients with obesity and/or with HTN [24,25]. Moreover, not only sodium
dose, but its ratio to potassium intake might be important. High Na+/K+ ratio intake is
considered to be a stronger risk factor of HTN and cardiovascular disease than each of
these nutrients alone [26]. Contrary, the Na+/K+ ratio positively affects the physiological
rise of BP in childhood, resulting in smaller BP slopes [26]. Potassium increases urinary
sodium excretion which diminishes total sodium content. In addition, potassium is thought
to induce vascular smooth muscle relaxation and thus decrease peripheral resistance [27].
Therefore, the so-called DASH (Dietary Approaches to Stop Hypertension) diet, rich in
fruits and vegetables, low-fat dairy products, and low saturated and total fat, is an effective
tool in the treatment of HTN. It helps not only to reduce sodium load, but also to increase
potassium intake.

Uric acid is the final product of purine metabolism in humans, and its production is
largely dependent on the activity of xanthine-oxidoreductase (XOR) that is responsible
for the final steps of the conversion of xantine to uric acid [28]. The serum levels of uric
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acid are also influenced by the renal excretion rate of urate that is controlled by renal
tubular transport systems (mainly URAT-1 and GLUT-9) that are more directly involved
in the global handling of uric acid metabolism [29]. The activation of XOR is leading to
an increase in the production of pro-oxidative compounds that have been reported to be
involved in the development of HTN, insulin resistance, MetS, diabetes as well as CV and
renal disease [30,31]. In children, the increase in serum urate levels has been proven to be
responsible for a significant increase in body weight and BP values that can contribute to
cardiometabolic abnormalities early in life [32]. In particular, a close correlation has been
reported between the fructose intake (a well-known precursor of uric acid) and the increase
in body mass index (BMI) in US children and adolescents with a negative impact on the
natural history of HTN and MetS [33]. According to the evidence provided by the Bogalusa
Heart study [34] the increase in uric acid can antedate and predict the increase in body
weight and BP values in childhood suggesting a primary pathogenetic role for elevated
uric acid and/or for the mechanisms involved in its production (e.g., XOR activity). This
has been recently confirmed by some interesting studies based on the analysis of temporal
trajectories of serum urate and showing and increase in cardiac and metabolic disorders in
those subjects bearing serum urate levels persistently elevated or progressively increase
while the opposite was observed in subjects with serum urate levels persistently normal
or undergoing a progressive reduction [35]. Thus, an increase in serum urate levels in
children and adolescents may contribute to promote overweight and CV risk factors with a
negative prognostic implication on the risk of cardiometabolic disease later in life.

2.3. Nutrigenomics and Nutri-Epigenetics

The nutrigenomics-impact of dietary components starts early in life and can influence
health and disease across life. Dietary components are used to produce metabolites that
can impact gene expression directly or through epigenetic mechanisms. Functional groups
(i.e., methyl-, acetyl-, phosphate-group, etc.) able to modulate gene expression without any
changes in DNA sequence, can be synthesized by dietary components [36]. Folate, vitamins
(B12, B2, B6) betaine and choline are necessary to synthesize S-adenosine methionine
(SAM), the universal methyl group donor, by one carbon cycle. The availability of methyl
groups depends on a folate-rich diet (i.e., green leaves, peas, beans, lentils, liver, etc.) and
on folic acid supplementation during pregnancy. B12 is present only in animal food (i.e.,
eggs, meat, fish), so vegans need oral sublingual treatment (to avoid its hydrolysis by the
liver). Reduced level of substrates required for one carbon cycle during pregnancy, has
been associated to impaired DNA methylation at promoter level of genes that regulate
growth and metabolic diseases (i.e., IL10, LEP, ABCA1, GNASAS and MEG3) in siblings [37].
Differences in DNA promoter methylation (i.e., INSIGF, LEP and GNASAS) were measured
also according to sibling gender and gestational timing of the malnutrition, and were
associated with increased risk in developing obesity in men and glucose intolerance in
women later in life. DNA methylation has a key role in the cell differentiation and the
methylation of carbon 5 at the cytosine of CpG island of promoter region is associated
to gene silencing [38]. Furthermore, an epigenetic memory of multiple environmental
conditions (i.e., diet, air pollution, noise pollution, life style, work, family, education,
physical activities, etc.) acquired during early life, remains longer and it can influence adult
phenotype as well as be epigenetically inherited from generation to generation [39].

High fat diet, low or high protein intake can address epigenetic responses associated
to metabolic diseases (i.e., cardiovascular diseases (CVD), T2DM, obesity, HTN, etc.) in
adulthood [40]. The nutrigenomic impact of dietary lipids has been extensively studied [41].
Longitudinal analysis shows that chronic uses of high dietary saturated fatty acids (SFAs)
or/and sugars increase the risk to develop CVD [42]. Exposure to palmitic acid, a SFA
contained in several types of food (i.e., meat, eggs, butter, palm and coconut oils etc.,) is
able to activate inflammatory responses by inflammasome activation (i.e., NLRP3, IL-1β,
IL-18), while this effect was not observed after monounsaturated fatty acid exposure with
oleic acid [43]. Overall, the consumption of ultra-processed food, rich in fats and sugars,
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low in fiber and antioxidant/anti-inflammatory bioactive compounds, was associated with
a rise of caloric intake (about 500 Kcal/day) [44] and with an increase of risk of CVD
and all-causes mortality [45]. These findings should serve as an incentive for limiting
consumption of ultra-processed food, and encouraging natural or minimally processed
foods, as several national policies recommend.

Furthermore, nutrigenomic impact of high protein intake has been investigated; high
protein intake (more than the recommended daily intake (RDI) of 0.8 g/Kg per day)
increases the risk of prediabetes and T2DM [46]. In addition, the source of proteins is
important; Mediterranean, vegan or whole-food plant-based diets significantly increase
high-density lipoprotein cholesterol (HDL-C) and may reduce incidence and mortality of
CVD. Adherence to the Mediterranean diet has been associated with a metabolic signature
useful to predict CVD risk [47], and new epigenetic biomarkers have been identified to
predict the risk and the severity of CVD [48].

Additionally, not only strict vegetarian diets, but also a less strict plant-based diets
with limited animal products have been associated with low systolic and diastolic BP [49].
A large prospective cohort study has demonstrated that the replacement of animal protein
with plant protein (3% of the energy) decreases the CVD mortality (risk reduction 11% in
men and 12% in women) [50]. The positive effect of plant-based food is associated to the
nutrigenomic activity (i.e., antioxidant, anti-inflammatory, etc.) of polyphenols contained
in plants, the positive impact of fiber on gut microbiota richness and diversity, the folic
acid and the essential fatty acid content [51].

In summary, nutrigenomics and nutri-epigenetics outcomes have demonstrated how
and when animal and plant-based food contribute to influence molecular responses (with
beneficial or detrimental effects), supporting the positive role of high adherence to the
Mediterranean and/or plant-based diet to reduce the risk to develop CVD. Strategies
for prevention should take into account also the inheritance of epigenetic biomarkers
across generations.

2.4. Dyslipidemia, Insulin Resistance, Hypertension and Cluster of CV Risk Factors

Dyslipidemias are disorders of lipoprotein metabolism that can result in the following
abnormalities: high total cholesterol (TC), high low-density lipoprotein cholesterol (LDL-C),
high non-high-density lipoprotein cholesterol (non-HDL-C), high triglycerides (TGs), and
low HDL-C [52]. Lipid levels vary by age and sex and reference lipid and lipoprotein
values have been derived from the population-based Lipid Research Clinical Prevalence
Study, which obtained between 1972 and 1976 fasting lipoprotein profiles in more than
15,000 children and adolescents (age range 0 to 19 years), and from the United States
National Health and Nutrition Examination Surveys (NHANES), which analyzed lipid
levels in 7000 children between 1988 and 1994 [53–56]. In most patients with hyperlipidemia
this condition is caused by some underlying “non-lipid” etiology rather than by a primary
disorder of lipoprotein metabolism. Among the CV risk factors, lipids and lipoproteins
are of special importance and in many studies, childhood obesity has been shown to be
associated which increased levels of TC, LDL-C and TGs and decreased level of HDL-
C [57,58]. CVD is the number one cause of death in the United States and 38% of adults
affected by CVD have risk factors such as elevated serum lipid levels, diabetes, and high
blood pressure. Many studies have confirmed an additional role of body fat distribution
and in particular of excess visceral fat even in the adolescent age group [59,60].

Atherosclerosis can start at young age, and the number of young individuals de-
veloping atherosclerosis is on the rise, especially in children with risk factors such as
familial hypercholesterolemia (FH), type 1 diabetes mellitus, chronic kidney disease and
HTN. Furthermore, many studies have identified dyslipidemia as a risk for premature
atherosclerosis, even in children and adolescents. In the Bogalusa Heart Study, autopsy
studies performed in 204 young subjects demonstrated fatty streaks in 50 percent of cases
between 2 and 15 years of age and in 85 percent of older subjects between 21 and 39 years
of age [61]. The prevalence of raised fibrous plaques in the aorta and coronary arteries also
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increased with age from approximately 20 percent in subjects between 2 and 15 years of
age to 70 percent in those between 26 and 39 years of age. The prevalence and the extent of
atherosclerosis found in the aorta and coronary arteries were greater with increasing BMI,
BP, and levels of serum TC and LDL-C. The degree of atherosclerotic changes increased
with worsening severity and greater numbers of risk factors [62].

Similarly, the Pathobiological Determinants of Atherosclerosis in Youth (PDAY) study [63]
reported raised fatty streaks in 10 percent of coronary arteries and 30 percent of aortas in
subjects aged 15 to 19. The extent of fatty streaks increased with increasing age, elevated
BP, higher serum LDL-C, and lower serum HDL-C. Female patients lagged by five years
behind male patients in the progression of the extent of raised lesions in the right coronary
arteries. In a subsequent report, individuals with early and more severe atherosclerotic
changes were more likely to have had one or more CVD risk factor (including dyslipidemia,
obesity, hyperglycemia, HTN, or smoking) [64].

Several longitudinal studies reported tracking of adverse lipid levels from childhood
to adulthood. In a cohort of 725 adults (age range 33 to 42 years) in the Muscatine Study,
childhood TC levels positively predicted adult carotid intima-media thickness (cIMT). In
women, childhood BMI was also a significant predictor of cIMT [65,66]. In the Cardiovas-
cular Risk in Young Finns study, elevated childhood levels of LDL-C and insulin, as well as
obesity, were predictive of increased cIMT (observation period 27 years). In subsequent
studies, carotid artery elasticity decreased as the number of childhood CVD risk factors
increased and flow-mediated dilation was lower in male patients who had elevated BP
during adolescence. In this cohort, exposure to CVD risk factors over time correlated
with the extent of coronary artery calcification by computed tomography [67]. Similarly,
in a cohort of patients involved in the CARDIA study, initially recruited at age 18 to 30
years and followed for 15 years, baseline CVD risk factors (smoking and higher LDL-C,
glucose, and systolic blood pressure levels) were associated with increased risk of coro-
nary artery calcium later in life [68]. The International Childhood Cardiovascular Cohort
Consortium has performed a meta-analysis that combined data from the four prospective
studies mentioned above. In this analysis, the number of childhood CVD risk factors (e.g.,
increased cholesterol, TGs, BP, and BMI), even in children as young as nine years of age,
was predictive of elevated adult cIMT with progressive strengthening of the association
through adolescence [69]. Further studies have shown that dyslipidemia in adolescence
predicts increased adult cIMT, even after accounting for sex, obesity, and HTN. Screening of
lipid levels in children may reveal both genetic lipid abnormalities (e.g., including familial
hypercholesterolemia, which affects 1 in 250 people), and dyslipidemia, which responds
favorably to lifestyle changes [70]. Even a small weight loss is associated with a significant
decrease in the concentration of TG and an increase in the concentration of HDL-C. In addi-
tion to the recommended diet, physical activity (PA) is strongly recommended. According
to the National Heart, Lung and Blood Institute (NHLBI) recommendations, in patients in
whom non-pharmacological management has no effect, the use of lipid-lowering drugs
should be considered [71].

The relationship between obesity and its complications, in particular insulin resistance,
and arterial hypertension was first noticed in the 1950s [72]. Many studies over the years
have confirmed that excess of fat tissue regardless of age and gender is associated with
an increase of blood pressure [73–75]. Among children with obesity, the prevalence of
arterial HTN is up to 30%, in contrast to less than 3 (5) % in the normal weight pediatric
population [76–79] and weight gain is accounted for up to 75% of the risk for primary
HTN [80].

The pathogenesis of HTN in obese individuals is complex and still not fully under-
stood. Currently, it is believed that the abnormally increased activity of adipose tissue in the
production of hormones and adipokines is of key importance. Pro-inflammatory substances
as tumor necrosis factor-α, interleukin-6, C-reactive protein may lead to macrophage re-
cruitment, which could increase pathological lipolysis. Subsequently excess lipid delivery
could promote ectopic lipid accumulation leading to the associated impairments in insulin
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signaling, mainly in the liver and skeletal muscles, that in turn may also contribute to devel-
opment of insulin resistance [81]. Insulin resistance and hyperinsulinemia are independent
activators of the sympathetic nervous system. Other factors with a documented indepen-
dent role in activating sympathetic nervous system in obese individuals are: leptin excess
and intermittent hypoxia caused by sleep-disordered breathing [82–84]. The enhanced ac-
tivity of sympathetic nervous system causes vasoconstriction and reduced renal blood flow,
which is a trigger for renin release, and subsequent activation of the renin–angiotensin–
aldosterone system (RAAS) results in sodium and water retention [82]. Additionally, it
causes β2-adrenergic receptors dependent activation of the NaCl-cotransporter in the distal
tubule, that is considered to be one of the most important mechanisms for the development
of salt-sensitive HTN [85]. Although the activation of the RAAS has been well documented
in adults and in experimental models, data regarding the role of this mechanism in the
development of HTN are contradictory [86]. Interestingly, not only does the classic way
of activating the RAAS play an important role in the development of obesity-related ar-
terial HTN, but also plasma aldosterone concentration seems to be positively correlated
with the amount of visceral adipose tissue, independent of plasma renin activity [87,88].
Contrary to lean hypertensive subjects, patients with obesity show a positive paradoxical
correlation between sodium intake and aldosterone levels. It has been suggested, that some
adipokines, as yet unidentified, may directly stimulate aldosterone release from adrenals in
angiotensin II-independent manner [87,88]. It has also been proven that adipose tissue can
produce angiotensinogen, angiotensin, and angiotensin II itself, stimulating aldosterone
secretion by adipocytes in a paracrine/autocrine way independently from the inhibitory
effect of high salt consumption [88,89]. Moreover, the results of genetic studies of humans
suggest the association of obesity-related HTN with the variants of several genes involved
in aldosterone secretion and metabolism, such as glucocorticoid receptor, aldosterone
synthase (CYP11B2), and serum and glucocorticoid-regulated kinase 1 [90–92]. Variants
of the latter are described to be associated with predisposition to HTN, hyperinsulinism
and high salt intake [92]. An additional element may be the excessive stimulation of
renin production in vitamin D deficiency, a condition often found in obese people [93,94].
Finally, cortisol production by adipose tissue may stimulate renin production exerting
aldosterone-like effects through its mineralocorticoid activity and, moreover, may increase
insulin resistance [95]. Undoubtedly, aldosterone is not only a hormone that regulates
electrolytes and fluid volume, but can be an important mediator of obesity development
independently of calorie intake and target-organ damage. Excess of aldosterone contributes
to insulin resistance, and leptin resistance [96]. In the kidney, aldosterone causes podocyte
injury, which leads to proteinuria and glomerulosclerosis, and proinflammatory responses,
mediating perivascular and interstitial fibrosis [97,98].

Hyperinsulinemia has a similar effect leading to direct kidney damage by impairment
in insulin metabolic signaling resulting in reduced NO production, associated impairment
of tubuloglomerular feedback, and subsequently hyperfiltration and sodium retention [99].
Hyperinsulinemia is also directly related to the reduction in uric acid excretion. In a number
of clinical trials, such as NHANES I, the Framingham Study and the Bogalusa Heart Study
(including the pediatric population), it was shown that serum uric acid concentration is
an independent prognostic factor for the development of arterial HTN [34,80,100]. Hyper-
uricemia causes renal vasculitis by the stimulation of nuclear transcription factors, release
of pro-inflammatory cytokines, and pre-glomerular arteriolopathy due to e.g., increasing
the proliferation of vascular smooth cells and causing inflammation and tubulointersti-
tial fibrosis. These changes further activate the RAAS and may additionally favor the
adverse effect of urates on the glomerular vessels [82]. Additionally, direct compression of
the renal parenchyma by perinephric fat may reduce intrarenal blood flow and increase
sodium reabsorption, leading to volume expansion, increase of cardiac output and de-
crease in blood flow reserve [82]. This phenomenon occurs even in the absence of signs
of glomerular sclerosis or chronic kidney disease [82]. While in the early stage of obesity
induced HTN, the increased glomerular filtration rate and renal blood flow induce an
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increase in renal sodium absorption, with prolonged HTN, renal vasodilation, glomerular
hyperfiltration, and neurohumoral activation led to further increase of BP, glomerular
injury, and an impaired renal capacity for sodium excretion, resulting in the gradual loss
of nephron and kidney function. In this way, obese subjects require a higher BP than lean
subjects to maintain the sodium balance, indicating impaired renal-pressure natriuresis
(‘salt-sensitive’ HTN) [86]. Also, pro-inflammatory substances formed in adipose tissue
play a direct role in endothelial damage and increased vascular stiffness. Since HTN itself
is also a factor leading to endothelial pathology a “vicious circle” phenomenon should be
taken into account. With respect to the above-mentioned mechanisms of the development
of HTN in obese children, it seems obvious that the basis of treatment and prevention
of complications should be effective reduction of adipose tissue [101,102]. Limiting salt
intake is a crucial element in the treatment of obesity-associated HTN. If pharmacotherapy
has to be introduced, first-line drugs are antagonists of the RAAS (angiotensin-converting
enzyme inhibitors, angiotensin receptor blockers [101,102], but also mineralocorticoid
receptor antagonists may be considered in selected cases [103,104]).

2.5. Obesity or Cardiorespiratory Fitness—What Does Really Matter?

Cardiorespiratory fitness (CRF), also known as cardiorespiratory endurance, cardio-
vascular fitness, aerobic capacity, or aerobic fitness, refers to the “capacity of the circulatory
and respiratory systems to supply oxygen to skeletal muscle mitochondria for energy pro-
duction during PA” [105,106]. This is only 1 of 4 distinct health-related fitness components
(CRF, muscular fitness, flexibility and body composition). Although often confused, PA and
CRF are related but distinct concepts. “PA is voluntary movement produced by skeletal
muscles that results in energy expenditure” [106], while “Exercise refers to a subset of PA
in which the goal is to improve performance, health, or both” [106]. While CRF is having
the capacity to perform or not perform a certain type of PA, PA is an action or behavior.

Over the last few years, CRF has acquired special scientific interest in the evaluation
of youth´s health because it has been shown that it is a predictor of various indicators such
as cardiometabolic health [107,108], premature CVD [109], academic achievement [110],
and mental wellness [111]. In a cohort of overweight, obese, and control participants,
Redon et al. concluded that CRF was inversely related with fasting insulin and the HOMA
index, which is considered as a fingerprint for future metabolic disease [112]. In a systematic
review and meta-analysis, low CRF in children and adolescents was notably associated
with the development of metabolic syndrome [113].

CRF is able to be measured objectively and it can be tracked over time and compared
over different populations [114]. Even though the cardiopulmonary exercise test (CPETs) is
considered the gold standard method to evaluate CRF, it is not easily implemented [105].
There are also questionnaires designed for examining CRF in youth, but they are only
recommended for epidemiological studies and not for estimating CRF in individuals [115].
As a result, outdoor or field procedures have been conveniently developed, among them,
the 20m shuttle run test and the Cooper test [116,117] which are the most common. Addi-
tionally, there are some suitable tests for use in office settings such as the 6-Minute Walk
Test and the Step Test. The Step Test could be an alternative to CPETs in order to estimate
office-CRF, because it is easy to administer in limited indoor spaces and requires minimal
equipment and training to be implemented [118].

CRF in youth is affected by non-modifiable factors as genetics, age, sex, race/ethnicity
and prematurity and by modifiable factors as habitual PA and training, sedentary time, diet,
social-economic-environmental factors and obesity. Many obese children and adolescents
meet these modifiable factors, and it is shown that youth with obesity have lower CRF
than their normal-weight peers [119]. Nevertheless, there is evidence that improvement in
CRF in obese children and adolescents increases CV health, even among those who do not
improve their body composition [120]. Moreover, overweight children and adolescents with
a high fitness level (fat-but-fit subjects) have a healthier CV profile than their overweight,

157



Nutrients 2021, 13, 4176

low fit peers and a similar profile to their normal-weight low-fit peers [121]. This suggests
that high fitness levels may compensate the negative consequences attributed to body fat.

Unfortunately, in a large epidemiological study conducted in the USA, it was found
that just 1 in 5 obese youth has healthy CRF [122]. Therefore, physical exercise programs
aimed at improving CRF in this group of patients can be of enormous health interest.
Among these programs, those that include high-intensity interval training have demon-
strated an increased impact on youth’s CRF [123,124].

Considering the high prognostic power of CRF, the American Heart Association
proposes to measure it as a vital sign, as is done with the assessment of other risk factors
such as BP, tobacco use, alcohol consumption, blood glucose or blood lipid levels [125].
Another factor to be aware of is that overweight/obese youths may have some limitations
in performing moderate and vigorous PA. In this context, personalized interventions
should be designed according to the subject’s objective and up-to-date scientific knowledge.
Therefore, the measurement of CRF in obese children and adolescents is not only of
prognostic importance, but also allows for the personalization of the treatment according
to the physical condition of each individual.

2.6. The Role of Tracking in Increased CV Risk in Adulthood

There is a strong correlation between childhood and adult obesity, and a large number
of obese children transfer their adiposity into adulthood. Obese children and adolescents
are five times more likely to become obese adults. About 55% of obese children continue
being obese in adolescence, around 80% of obese adolescents will continue being obese
in adulthood, particularly those suffering from severe obesity. About 70% of them will
continue being obese over the age of 30 [126–128]. Age of the child, severity of obesity, and
presence of parental obesity affect the tracking of obesity into adulthood. Most adolescents
with obesity will continue being obese in adulthood, as persistence of obesity transfer into
adulthood is associated with older age. In children under the age of 10, the risk of being
obese is doubled if they have obese parents [129].

On the other hand, childhood and adolescent BMI is not a good predictor of adult
obesity incidence. Only 20% of adults with obesity were obese as children or adolescents,
and over 80% of obese people over the age of 30 were not obese as adolescents. Therefore,
BMI has poor sensitivity to predict adult obesity [127]. Childhood obesity is not the only
and primary factor that contributes to adult obesity. Adult obesity carries an increased risk
of CVD. The link between obesity and CVD is explained by the CVD risk-factor profile that
is often observed in obese adults. The profile includes increased rates of dyslipidemia, HTN,
as well as T2D. Childhood obesity is a CVD risk-factor, and may lead to early atherosclerosis
and premature CVD in adulthood. Even though CVD rarely manifests itself until adulthood,
CVD risk factors have been observed in childhood [130]. HTN, dyslipidemia, impaired
glucose metabolism, as well as systemic inflammation, have all been associated with
vascular changes in childhood. If not adequately treated, they may contribute to an
increased risk of adverse CV events in adulthood [131]. Nevertheless, it is important to
determine what kind of independent effects childhood obesity has on CVD in adulthood.
Many studies and meta-analyses have been conducted, all pointing to obese children being
at higher risk for obesity as adults [132,133]. However, a large number of studies did not
considered the effect of adulthood-incurred obesity, so it is impossible to form a precise
conclusion of the relationship between childhood obesity and CV events in adulthood [134].
Studies that took into consideration the effect of obesity incurred in adulthood on CV
events pointed to the fact that the effect of childhood obesity, as an independent factor,
might not be great [135]. Those studies showing an association of obesity in childhood
with CVD in adulthood, identified weight as a significant independent determinant [65].

However, there are other factors in favor of an association of early obesity with
increased CVD risk:

Atherogenesis, a process leading to the development of atherosclerosis begins at an
early stage of life [136]. Obesity in childhood accelerates this process and causes changes
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in blood vessels, especially in adolescence. The earliest sign of atherosclerosis is the
appearance of fatty streaks, and atherosclerotic wall lesions are in direct connection to
childhood obesity [136–138].

Clustering of CVD risk factors has been highly associated with obesity in childhood,
including increased systolic blood pressure, elevated LDL-C, elevated TGs and reduced
HDL-C [138,139].

Obesity with multiple CVD risk factors during adolescence is associated with an
almost 15-fold increased risk of developing CVD before the age of 50 [140].

In an extensive study conducted on 276,000 children, Baker et al. note that an increased
BMI in childhood correlates with the appearance of CVD in adults, and at the same time
isn’t related to an increased BMI in adults [141].

BMI in late adolescence is directly related to atherosclerosis in middle age measured
by coronary angiography—this relationship persisted even when BMI was adjusted for
adults, as well as CVD risk factors [142].

Childhood obesity is a moderate risk-factor for adult obesity-related morbidity. How-
ever, the risk increase is not significant enough for childhood BMI to serve as a reliable
predictor of the incidence of adult morbidities [132].

It is important to note, that the risks of T2DM, HTN, dyslipidemia, and carotid-artery
atherosclerosis among overweight or obese children who became nonobese by adulthood
were similar to those among persons who were never obese [143].

Table S1 summarizes the given evidence for tracking of CV risk factors from childhood
to adulthood.

2.7. The Economic Impact of Childhood Obesity

A search in Pubmed found 264 articles published between 2001 and 2021 on the
economic evaluation of prevention and treatment of childhood obesity and overweight. Out
of them, 57 are cost-effectiveness studies of interventions aimed at reducing high BP among
children and adolescents, or protocols for planned interventions with no results [144].

Two of the studies evaluated interventions to reduce obesity/overweight [145] and
promote PA [146]. BP reduction was in both studies a secondary outcome. The Children’s
Health Interventional Trial was an 11-month outpatient multidisciplinary family-based
program implemented with 248 children with obesity or overweight in Germany [145]. The
main focus was reducing weight, but the secondary objectives was the improvement of
obesity-related health parameters as BP. The intervention obtained a reduction of systolic
blood pressure (SBP) by −1.76 mmHg and diastolic blood pressure (DBP) by −2.82 mmHg.
The program was cost-effective: on an aggregated level, future savings amounted to
between €1859 and €1926 per person, and the return on investment was between 3.3%
and 7.0%.

A school-based intervention study evaluated the effect of reduced salt intake among
children and their families in China [147]. The focus was on BP of adults in the house-
hold rather than children. The intervention was very effective in lowering SBP in adults
(−2.3 mmHg), but also in children, and even more in adults older than 60 years (−9.5 mmHg).
It was also cost-effective (around $1358 per QALY [Quality adjusted life years] gained). An-
other study evaluated the cost-effectiveness of an early nutrition program—supplementing
infant formula with long-chain polyunsaturated fatty acids—on health consequences in
adulthood, more specifically high BP and the risk of HTN-related diseases in later life.
The study results showed that the program is dominant (cost saving); it increases life
expectancy by 1.2 QALY, with an incremental cost-effectiveness ratio (discounted to present
value) of—€630.

Two of the most relevant studies perform an economic evaluation of screening and BP
measuring of children and adolescents. The first one [148] compares costs and effectiveness
of BP screening programs for adolescents in the US with population-wide preventive
interventions, as reductions in salt intake or increasing physical education. Finding and
treating the adolescents at highest risk (e.g., left ventricular hypertrophy) is the most cost-
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effective screening strategy with cost per QALY of $18,000 for boys and $47,000 for girls.
Universal screening of all adolescents is dominated by specific population-wide strategies
such as salt reduction (cost-saving [boys] and $650/QALY [girls]) and increasing physical
education ($11,000/QALY [boys] and $35,000/QALY [girls]).

The second study [149] is a retrospective one that evaluated the initial use of am-
bulatory BP pressure monitoring for children with clinic BP measurements suggesting
stage 1 HTN. It concludes that it is highly cost-effective (cost-savings in the long term of
$2.4 million per 1000 patients).

In summary, the evidence so far has shown that some targeted interventions to prevent
obesity and high BP in children and adolescents are potentially highly cost-effective.

2.8. Preventive Strategies for Hypertension in Children

There is limited literature regarding preventive strategies or intervention in chil-
dren and adolescents with elevated blood pressure focusing on BP as the major end
point [101,150]. In most cases, the main risk factor for HTN—increased body mass/fat
mass is being targeted [2,101]. Similarly, there is limited evidence on population based
primary prevention strategies in healthy children to reduce the future risk of HTN [2].

There are well established risk factors for developing HTN in children and adolescents.
The major risk is overweight and obesity, additionally the nutritional scheme (quality and
quantity of macronutrients), the amount of PA time (as a marker of CRF), parental-factors,
sedentary/screen time and sleep time can independently increase prevalence of abnormal
BP [151,152].

According to the Nuffield public health intervention ladder and it’s modifications,
the interventions can be made on different level of individual or population impact [153].
Prevention strategies can be divided into three main groups: individual/family-based,
local-community-based and nationally-based activities. Most of those actions are universal
for all non-communicable diseases (NCD’s) or NCD’s risk factors.

Individual, family and school-based level interventions should be mainly focus on
education on pro-health behaviors and building ability and capacity/consciousness to put
PA and health-supporting diet as one of priorities. There is limited evidence on this in HTN
yet similar activities are effective in increased body mass/fat interventions [154,155]. For
example, as presented by Farpour-Lambert et al., even 3 months of regular PA can decrease
SBP by 7–12 mmHg and DBP by 2–7 mmHg. Others reported similar or smaller effects
of SBP/DBP reduction of 2–8 mmHg during different time of intervention or observation
time [155–158].

On local/community level policy makers need to focus on the availability of healthy
nutritional options, and the availability and places to perform PA (playing fields, recre-
ational areas, biking lanes, etc.) [159]. Additionally, professional trainers support in dif-
ferent sports availability to children during/after school increases their PA hours during
the week [160–162], as well as building availability for healthy food choices at schools
by limiting vending machines, and improving quality and availability of healthy food at
cafeterias/canteens [163–166].

National preventing strategies should focus on the availability of healthy nutritional
choices, e.g., through taxation policies, products formulas modification (ex. reducing
sodium) [167–170], education campaigns build and delivered for separate age groups, and
supporting local authorities in building healthy environments [171,172].

The effectiveness of single strategies/activities is usually limited or low from the
clinical perspective, yet addition of several multi-level activities can importantly influ-
ence the burden of CVD in children/youth as well as future costs—both health and
economic [101,152,173].
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3. Conclusions

Cardiovascular disorders with their origin in childhood obesity have multiple medical,
social, and economic consequences that might be incurable at a later stage. Thus, the only
effective strategy seems to be prevention.

Preventive strategies should include entire families and start ideally before conception.
Families with obese members likely share not only genetic risks but also environmental
and lifestyle-related exposures. The increased risk of obesity starts as early as before and
during pregnancy. The results of numerous clinical trials indicate the influence of parental
health on the development of the fetus and the risk of obesity in childhood and adolescence,
while obesity and related metabolic risk factors are tracked to adulthood and increase the
cardiovascular risk in the general population. Recent studies proved the role of childhood
obesity-connected dyslipidemia, hyperinsulinism, or hypertension on increased CV risk.
Some new risk factors like maternal smoking, postnatal growth patterns, the impact of diet
components on gene expression or fructose intake on uric acid level, are also important
elements. As the role of diet is complex, restriction of consumption of highly processed
foods should be promoted and consumption of natural or minimally processed foods
should be encouraged. Personalized interventions in improving cardiorespiratory fitness
are recommended.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu13114176/s1, Table S1: Evidence for tracking of CV risk factors from infancy and child-
hood to adulthood. Exemplary studies, reviews or meta-analyses are given for strength of evidence.
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Abstract: Background: Limited therapeutic tools and an overwhelming clinical demand are the
major limiting factors in pediatric obesity management. The optimal protocol, environment, body
mass index (BMI) change targets and duration of obesity-oriented interventions remain to be eluci-
dated. Aims: We aimed to characterize the singularities of follow-up, anthropometric and metabolic
evolution of a large cohort of pediatric patients with obesity in a specialized university hospital
outpatient obesity unit. Patients and methods: Follow-up duration (up to seven years), attrition rate
and anthropometric and metabolic evolution of 1300 children and adolescents with obesity were
studied. An individualized analysis was conducted in patients attaining a high level of weight loss
(over 1.5 BMI-SDS (standard deviation score) and/or 10% of initial weight; n = 252; 19.4%) as well as
in “metabolically healthy” patients (n = 505; 38.8%). Results: Attrition rate was high during the early
stages (11.2% prior to and 32.5% right after their initial metabolic evaluation). Mean follow-up time
was 1.59 ± 1.60 years (7% of patients fulfilled 7 years). The highest BMI reduction occurred in the first
year (−1.11 ± 0.89 SDS, p < 0.001 in 72.5% of patients). At the end of the follow-up, improvements in
glucose and lipid metabolism parameters were observed (both p < 0.05), that were highest in patients
with the greatest weight reduction (all p < 0.01), independent of the time spent to achieve weight
loss. The pubertal growth spurt negatively correlated with obesity severity (r = −0.38; p < 0.01) but
patients attaining adult height exceeded their predicted adult height (n = 308, +1.6 ± 5.4 cm; p < 0.001).
“Metabolically healthy” patients, but with insulin resistance, had higher blood pressure, glucose,
uric acid and triglyceride levels than those without insulin resistance (all p < 0.05). Preservation of
the “metabolically healthy” status was associated with BMI improvement. Conclusions: Behavioral
management of children with obesity can be effective and does not impair growth but is highly
conditioned by high attrition. The best results regarding BMI reduction and metabolic improvement
are achieved in the first year of intervention and can be preserved if follow-up is retained.

Keywords: childhood obesity; attrition rate; follow-up; success rate; metabolically healthy

1. Introduction

Management and follow-up of children and adolescents affected with obesity are
crucial clinical challenges worldwide due to both high prevalence and the limited available
therapeutic resources. Additionally, obesity management is highly influenced by a number
of barriers both, from the patient’s side (stigma, gaps in medical education, misperceptions
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of the disease or weight status, etc.) and from the healthcare system (insufficient staff, time
and facilities to provide timely and patient/family-personalized assistance). These barriers
strongly impair the probability of therapeutic success [1].

Despite the recent approval (June 2021) by the European Medicine Agency of liraglu-
tide as the first drug for obesity treatment above 18 years of age, management of obesity
in childhood and adolescent largely remains based on combined nutritional and exercise
behavioral counseling, ideally involving a multidisciplinary intervention [2,3]. Although
primary care assistance is recommended for childhood obesity management, the low rate of
successful weight loss in these patients and the increasing prevalence of obesity associated
comorbidities has resulted in obesity being one of the most frequent causes for consul-
tation in specialized pediatric endocrinology or obesity clinics in our environment, thus
generating increasing delays in patient attention [4]. Nevertheless, there is no consensus
regarding the best environment to manage childhood obesity to achieve a high success
in weight loss and its maintenance with, for example, primary care assistance allows for
higher accessibility and proximity to patients [5] while tertiary care centers normally have
more available resources and the possibility to develop multidisciplinary care units [6].

In contrast, there is robust consensus and evidence that the major factor limiting
success in childhood obesity management programs is the high withdrawal rate observed
throughout follow-up at all levels of assistance [7], reaching up to 92% after 2 years in
some reports [8], with sociodemographic and anthropometric features being potential
predictors of a higher risk of attrition [9,10]. Among these factors, the perception that
obesity is not a disease state [9], initial weight loss wrongly assumed as “curation” [9,10]
and, most importantly, lack of sustained weight loss [11], have been postulated as the main
risk factors for early termination of intervention programs in children and adolescents with
obesity. Consequently, the combination of some of these factors (early weight loss + high
drop-out rate + lack of sustained weight loss), can result in selection bias in the analysis of
the results of these programs in the long term.

An additional concern of parents upon intervention for childhood obesity is the
potential effect on growth and pubertal development of their child. These patients usually
exhibit some degree of advancement in skeletal maturation and overgrowth in relation to
their target height [12,13] and this is directly correlated with the severity of their obesity
and inversely proportional to the magnitude of their pubertal growth spurt [13] but does
not impair the attainment of their predicted adult height [13–15]. Consequently, although
severe caloric restriction is not usually included in childhood and adolescent obesity
interventions [2,3] and evidence indicates that conventional strategies for weight control in
this age range do not impair growth or puberty [15], this can be a factor underlying the
reluctance of some parents to intervene.

Some points of discussion in childhood obesity management protocols include the
degree of weight loss needed to achieve clinically significant improvements, the role (if
any) of the time to attain weight loss and the amount of time this BMI reduction should be
sustained for in order to preserve the beneficial effect of the intervention. A decrease in
BMI Z-score of 0.25 or more has been suggested to be sufficient to improve cardiometabolic
risk factors [16], whereas a duration over 3 years of intervention, beginning at the earliest
age possible, has been associated with more successful outcomes [17]. However, there is
limited knowledge regarding what should be considered an excellent degree of weight
reduction under conservative treatment and what is an acceptable evolution after attaining
this degree of weight loss [18].

A subgroup of patients with obesity that has raised special interest are those classified
in some studies as “metabolically healthy” [19]. This concept of “metabolically healthy”
in children with obesity was inherited from the concept first postulated in adults where a
patient with excess fat mass, but normal blood pressure, lipid profile and glycemia was
proposed to be metabolically healthy [20]. However, the evidence that insulin resistance is
the first step of carbohydrate metabolism impairment in childhood obesity, often preceding
the rise of blood glucose levels [12,21,22] and the data supporting the role of uric acid as
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a potential marker of metabolic impairment in children [23] have lead to the question of
whether these parameters should also be considered before assuming that a child with
obesity is “metabolically healthy” [20–22].

Based on the above observations, we hypothesized that the time required to obtain a
significant reduction in BMI affects both the attrition rate and the degree of improvement
in metabolic impairment in children with obesity. Thus, the aims of this study were: (1) To
analyze the duration of follow-up, the drop-out rate and its causes and the behavioral
changes implemented, along with the patient’s BMI Z-score, growth and metabolic evo-
lution up to a maximum of 7 years in the regular outpatient care in an obesity clinic in
a tertiary hospital, with a particular emphasis on BMI changes and attrition rate. (2) To
study the features of patients achieving a large reduction in BMI (“excellent responders”),
characterizing their weight loss and metabolic changes, the evolution of their BMI in the
5 years following weight reduction and exploring how the time required to attain weight
loss affects the metabolic changes observed. (3). To compare the features of patients with
obesity, with or without metabolic comorbidities during their first evaluation, as well as
the evolution of their metabolic status according to BMI changes during follow-up, while
evaluating the role of insulin resistance in the definition of a “metabolically healthy status”.

2. Patients and Methods

2.1. Study Cohort

One thousand and three hundred children and adolescents [mainly Caucasians (75.8%)
and Latinos (19.0%)] with standardized BMI above +2 SDS for national and international
references [24,25] were enrolled during a period of 6 years after potential underlying
pathological or syndromic causes of obesity were ruled out. Patients above 12 years of
age and their parents or guardians gave informed consent as required by the local ethics
committee, which had previously approved the study in accordance with the “Ethical
Principles for Medical Research Involving Human Subjects” adopted in the Declaration of
Helsinki by the World Medical Association.

At the first visit of all patients (baseline, B) weight, height, BMI, pubertal status and
systolic and diastolic blood pressure were recorded and standardized when indicated [26].
A left wrist/hand X-ray was used to estimate bone age according to the Greulich & Pyle
method [27] and a 12-h fasting serum sample (serum stored at −80 ◦C until assayed) was
used to determine glucose, insulin, HbA1c (hemoglobin A1c), the lipid profile and uric acid
levels by standardized assays and to calculate the HOMA homeostatic model assessment)
index as previously reported (cohort characterization displayed in Table 1) [12].

Table 1. Clinical features of the entire cohort and in the two main ethnicities.

Total Cohort (n = 1300) Caucasians (n = 986/75.8%) Latinos (n = 247/19.0%)

Prepubertal Pubertal Prepubertal Pubertal Prepubertal Pubertal

n 693 (53.3%) 607 (46.7%) 525 (53.2%) 461 (46.8%) 130 (52.6%) 117 (47.4%)

Sex F 263 (38.0%)
M 430 (62.0%)

F 351 (57.8%)
M 256 (42.2%)

F 192 (36.6%)
M 333 (63.4%)

F 271 (58.8%)
M 190 (41.2%)

F 56 (43.1%)
M 74 (56.9%)

F 66 (56.4%)
M 51 (43.6%)

Age (years) 8.26 ± 2.54 12.96 ± 1.97 8.47 ± 2.38 13.10 ± 1.94 7.68 ± 2.82 12.53 ± 2.05

BMI-SDS 4.21 ± 1.52 3.77 ± 1.43 4.14 ± 1.42 3.71 ± 1.36 4.38 ± 1.84 3.81 ± 1.39

Glucose
(mg/dL) 91.65 ± 7.00 93.44 ± 6.70 91.34 ± 7.08 93.27 ± 6.70 92.83 ± 6.58 94.17 ± 6.85

HbA1c (%) 5.45 ± 0.34 5.47 ± 0.30 5.45 ± 0.34 5.45 ± 0.30 5.43 ± 0.34 5.53 ± 0.28

Insulin
(μU/mL) 11.78 ± 6.94 17.19 ± 10.74 11.47 ± 6.37 16.51 ± 10.44 13.01 ± 8.46 18.98 ± 11.39

HOMA 2.70 ± 1.65 4.01 ± 2.66 2.63 ± 1.56 3.85 ± 2.63 2.99 ± 1.86 4.43 ± 2.67
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Table 1. Cont.

Total Cohort (n = 1300) Caucasians (n = 986/75.8%) Latinos (n = 247/19.0%)

Prepubertal Pubertal Prepubertal Pubertal Prepubertal Pubertal

LDL-c (mg/dL) 99.72 ± 26.31 93.36 ± 24.27 99.87 ± 26.03 93.56 ± 24.42 101.97 ± 27.58 93.16 ± 24.30

HDL-c
(mg/dL) 47.33 ± 11.10 43.93 ± 9.84 47.83 ± 10.85 44.50 ± 9.99 45.34 ± 11.56 40.94 ± 8.51

Triglycerides
(mg/dL) 74.64 ± 44.34 85.63 ± 53.60 72.75 ± 43.51 82.69 ± 53.78 82.61 ± 45.90 97.2 ± 54.40

Uric acid
(mg/dL) 4.47 ± 0.92 5.28 ± 1.11 4.51 ± 0.89 5.30 ± 1.05 4.30 ± 0.92 5.11 ± 1.12

Abbreviations: BMI-SDS: Standardized body mass index (Z-score); F: Female; HDL-c: High density lipoprotein cholesterol; HOMA:
Homeostatic model assessment; LDL-c: Low density lipoprotein cholesterol; M: Male; n: Number of patients.

Patients were always seen in the outpatient clinic in our department by the same
physician (GAM-M). Visits were scheduled one month after baseline, every three months
during the first year and every six months thereafter up to 7 years for the maximum follow-
up. Treatment consisted of lifestyle reorganization (dietary and exercise related behavioral
counseling) mainly focused on three key elements: avoidance of snacking and sweetened
drink consumption, establishing a slow pace of food intake in meals and onset of scheduled
daily physical activity. A daily recommendation for food group distribution was provided
on a weekly basis in addition to the categorization of usual foods as recommended, non-
recommended and allowed with limited frequencies/amounts. Self-monitoring of the
fulfillment of the key elements of lifestyle reorganization was encouraged and specific
documents for fulfillment registration provided.

Time of follow-up, drop-out rate and its causes, along with the patients’ BMI Z-
score, growth and pubertal evolution throughout follow-up were studied and their last
available anthropometric and metabolic evaluation prior to the end of their follow-up
were compared with those at baseline. To study the metabolic evolution, the last available
metabolic analysis was used and only those patients that had an analysis at least 12 months
after their baseline evaluation were included (available in 451 patients).

2.2. Excellent Responder Group

Two hundred and fifty-two patients (19.4% of the entire cohort) achieved a reduction
in their BMI over 1.5 SDS and/or in their weight over 10% from baseline. Anthropometric
and biochemical features for each patient after weight loss were compared with those
at baseline, studying the eventual role of the time to attain weight loss on the observed
changes. Additionally, the evolution of BMI in the 5 years after weight loss was analyzed.

2.3. Metabolically Healthy Group

According to their baseline features, patients were classified as: (1) “Metabolically
healthy” (MH; n = 505; 38.8%) if they showed normal blood pressure, lipid profile (low
density and high density (LDL-c, HDL-c) lipoproteins and triglycerides), and serum glucose
and uric acid levels at diagnosis or (2) “Not metabolically healthy” (No-MH, n = 795, 61.2%)
if one or more of these parameters were impaired. Additionally, patients were classified
according to their fasting insulin levels as insulin resistant (IR, fasting insulin ≥ 15 μU/mL;
n = 481; 37%) or No-IR (fasting insulin < 15 μU/mL n = 819, 63%).

Standardized BMI, blood pressure, fasting lipid profile, glucose, insulin, uric acid
levels and HOMA index at baseline were compared between MH and No-MH patients, also
accounting for the presence or absence of IR. In addition, the evolution of these features
was studied by longitudinally comparing status at baseline and the end of follow-up,
considering the eventual role of the background of IR at diagnosis.
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2.4. Statistical Analysis

Data are shown as mean ± SD. For normally distributed parametric variables, compar-
ison between two independent groups was performed using Student’s t test, whereas t-test
for related measurements was used for comparing patient features between different time-
points. For those parametric variables with non-normal distributions, the Mann–Whitney
U test and the Wilcoxon test were used. To compare non-parametric variables, Chi square
tests (independent groups) and McNemar tests (paired samples) were used. The relation-
ships between quantitative normal variables were studied by linear correlation analysis
(Pearson’s r), whereas Spearman’s rho was used for non-normally distributed variables.
A value of p < 0.05 was chosen as the level of significance. The software used was Statistical
Package for Social Sciences (SPSS v. 15.0. MapInfo Corporation, Troy, NY, USA).

3. Results

3.1. Follow-Up Characterization
3.1.1. Time of Follow-Up and Drop-Out

Mean duration of follow-up in this cohort was 1.59 ± 1.60 years, with 59.9% patients
stopping it unilaterally and 33.5% requesting the end of follow-up in their last visit (mainly
due to the achievement of BMI or metabolic improvement). A progressive decrease in the
study population was observed throughout follow-up with only 21 patients (7% of initial
cohort) completing 7 years of follow-up (Figure 1). The drop-out rate before 6 months of
follow-up was higher in Latinos (52% vs. 24% in Caucasians; p < 0.001), males (36% vs. 23%
in females; p < 0.05) and prepubertal (32% vs. 26% in pubertal; p < 0.05). After 1 year,
the interethnic difference in attrition rate persisted (47% in Latinos vs. 18% in Caucasians;
p < 0.001). Among the patients dropping out, 84.1% had repeatedly not fulfilled the thera-
peutic recommendations in the visits prior to withdrawal and 5.4% argued familial/social
difficulties. A total of 8% of the patients re-consulted after follow-up had stop (most after
regaining lost weight).

It is of note that, among the patients abandoning follow-up, 11.2% did it after the
initial clinical examination (not performing the complementary tests indicated) and 32.5%
after their second visit once they received the results from the complementary examinations
(total 43.7% patients abandoned prior to their third visit).

Figure 1. Evolution of patient retainment and their standardized BMI (expressed as SDS) throughout
follow-up to a maximum of 7 years from their first evaluation. Abbreviations: BMI-SDS: Standardized
body mass index (Z-score); F-U: Follow-up; n: number of patients retaining follow-up.

3.1.2. BMI Evolution and Lifestyle Changes

In the analysis of BMI evolution at 6 months, 66.8% of patients of follow-up had
reduced their BMI (−0.89 ± 0.73 SDS), whereas 32.5% had increased it (+0.56 ± 0.53 SDS,
both p < 0.001), reducing the mean cohort BMI in 0.41 ± 0.95 SDS compared to baseline
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(p < 0.001). At 12 months, mean cohort BMI was −0.63 ± 1.16 SDS below the initial BMI
(p < 0.001), with 72.5% of the patients at follow-up showing BMI reduction from baseline

(−1.11 ± 0.89 SDS, p < 0.001). After a significant decrease in mean cohort BMI in the first
year of follow-up, a partial regain was observed at the second year, with later stabilization
(Figures 1 and 2).

Figure 2. Evolution of BMI SDS at each time-point shown as a paired comparison with patients’ BMI Z-score at baseline
(taking into account exclusively those continuing follow-up at each timepoint) differentiating between those with weight
reduction (WR) or increasing (Non WR) their BMI. Abbreviations: 95% CI: Confidence Interval 95%; Non WR: Not showing
weight (or BMI) reduction; WR: Showing weight (and BMI) reduction. The percentages of patients showing WR among
those retaining follow-up were, respectively: 66.8% at 6 months, 72.5% at 1 year, 71.6% at 2 years, 68.0% at 3 years, 73.1% at
4 years, 78.1% at 5 years, 72.2% at 6 years and 80.0% at 7 years (See Figure 1 for the number of patients in each time point).

The mean BMI at the end of follow-up (n = 980, +3.59 ± 1.87 SDS) was lower than BMI at
baseline (−0.37 ± 1.25 SDS; p < 0.001) with 62.65% patients having achieved some degree of
BMI reduction (−1.04 ± 0.88 SDS; p < 0.001) but with 36.43% of patients increasing their BMI
despite assistance (+0.79 ± 0.93 SDS; p < 0.001). At the end of follow-up, 83.1% of patients still
maintained their BMI above +2 SDS (obesity), with 10.3% shifting to the overweight category
(BMI centile 90 to 97) and 6.6% normalizing their BMI (below centile 90).

The percentage of patients acknowledging snacking (eating in-between meals) at their
baseline visit was 81.9% and this was reduced significantly (p < 0.001) at their second (55.9%)
and last visit (57.2%). A similar pattern was observed for compulsive eating behavior (50.6%
at the second visit and 47.3% at the last visit vs. 74.0% at baseline, p < 0.001). Additionally,
the number of patients who did not perform any scheduled physical activity prior to their
enrollment was 74.7%, with this improving significantly (p < 0.001) at their second (53.1%)
and last visits (49.8%) (Table 2).

Table 2. Key behavioral items at baseline and after intervention.

Baseline Second Visit (p vs. Baseline) Last Visit (p vs. Baseline)

Snacking 81.9% 55.9% (p < 0.001) 57.2% (p < 0.001)

Eating compulsivity 74.0% 50.6% (p < 0.001) 47.3% (p < 0.001)

Lack of scheduled
physical activity 74.7% 53.1% (p < 0.001) 49.8% (p < 0.001)
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3.1.3. Metabolic Evolution

Metabolic data at the end of follow-up were available for 451 patients and showed a
significant decrease in HOMA index (−0.35 ± 2.07; p < 0.001) with a positive correlation
between the parallel decrease in HOMA and BMI-SDS (r = +0.15; p < 0.01). This was also ob-
served for triglyceride (−4.99 ± 53.54 mg/dL; p < 0.01/r = +0.12; p < 0.01) and LDL choles-
terol levels (−4.89 ± 17.50 mg/dL; p < 0.001/r = +0.19; p < 0.001) whereas HDL cholesterol
levels increased at the end of follow-up (+2.81 ± 8.72 mg/dL; p < 0.001/r = −0.20 with
a change in BMI; p < 0.001). Despite no significant differences in mean uric acid levels
between baseline and the end of follow-up, a direct correlation also existed between the
change in uric acid levels and BMI SDS (r = +0.12; p < 0.05) as well as a decrease in the
percentage of patients showing hyperuricemia (12.6% at the end of follow-up vs. 17.8% at
baseline; p < 0.05).

3.1.4. Growth and Puberty throughout Follow-Up

In 81 patients (45 females and 36 males), follow-up encompassed their entire pubertal
development (from its onset, or Tanner stage II, to its completion and attainment of adult
height). Mean duration of puberty in this group was 3.23 ± 1.16 years, with no differences
according to sex or race. In girls, the time from puberty onset (Tanner stage II) to menarche
was 1.65 ± 0.91 years, again with no ethnicity-based differences. A negative correlation
between the duration of puberty and baseline BMI-SDS was observed (r = −0.25; p < 0.05).

The pubertal growth spurt in this group was 16.29 ± 5.80 cm, with no differences
between sexes and with a negative correlation between the degree of the growth spurt and
the severity of obesity at baseline estimated by BMI-SDS (r = −0.38; p < 0.01).

In addition to these 81 patients, 227 additional patients achieved their final height
during their follow-up (total 308 patients with available adult height). Their mean adult
height was above their predicted target height (mean parental height +/− 6.5 for boys and
girls, respectively) by +0.29 ± 0.94 SDS (+ 1.6 ± 5.4 cm; p < 0.001). In this group, adult
height prediction using the Bailey Pinneau method using their bone age at their first visit
was shown to overestimate the attained final height by +0.22 ± 0.78 SDS (+ 1.5 ± 4.56 cm,
p < 0.001). This overestimation was greater in males and prepubertal patients.

3.2. The Excellent Responder Cohort

The characteristics of the 252 patients who achieved a reduction in their BMI of over
1.5 SDS and/or of their weight of over 10% from baseline are shown in Table 3. There was
a higher proportion of prepubertal children among good responders (χ2: 10.57; p < 0.01),
whereas the relative percentages of the two main ethnicities was similar to those in the
cohort at baseline.

Table 3. Clinical features of the excellent responder group at baseline.

Age (Years) 10.41 ± 3.19

BMI-SDS 4.24 ± 1.46

Ethnicity:
- Caucasian 78.6
- Latino 18.1
- Others 4.3

Sex (%)
Female 38.5
Male 61.5

Pubertal status (%)
Prepubertal 57.10 (70.1% males/29.9% females)
Pubertal 42.90 (50.0% males/50.0% females)

Abbreviations: BMI-SDS: Standardized body mass index (Z-score).
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The mean weight loss was 3.85 ± 5.92 kg, resulting in a mean BMI decrease of
1.59 ± 0.77 SDS. However, the mean body weight decrease needed to achieve the threshold
set was higher in pubertal compared to prepubertal patients (−6.01 vs. −2.01 kg, respec-
tively; p < 0.001). After weight loss patients experienced a significant increase in their HDL
levels and a significant decrease in glucose, insulin, triglyceride, and LDL cholesterol, as
well as in HOMA index (all p < 0.01, Table 4).

Table 4. Changes in BMI and metabolic parameters after weight loss compared to baseline.

Baseline
(n = 252)

After Weight
Reduction
(n = 252)

BMI (SDS) 3.99 ± 1.43 2.69 ± 1.21 p < 0.001

Glucose (mg/dL) 94.39 ± 7.10 92.20 ± 6.78 p < 0.01

Insulin (mcU/mL) 15.25 ± 8.35 10.73 ± 5.28 p < 0.001

HOMA index 3.58 ± 2.07 2.47 ± 1.27 p < 0.001

Total cholesterol (mg/dL) 151.93 ± 29.99 146.35 ± 30.20 p < 0.01

LDL-c (mg/dL) 93.52 ± 27.92 87.76 ± 24.81 p < 0.001

HDL-c (mg/dL) 43.66 ± 10.06 46.13 ± 11.70 p < 0.001

Triglyceride (mg/dL) 74.03 ± 48.19 63.10 ± 37.58 p < 0.001

Uric acid (mg/dL) 5.05 ± 1.20 4.98 ± 1.14 N.S. (p = 0.07)

Ferritin (ng/mL) 39.00 ± 20.98 40.63 ± 20.76 N.S.

Total proteins (g/dL) 7.25 ± 0.42 7.24 ± 0.46 N.S.

Albumin (g/dL) 4.09 ± 0.27 4.17 ± 0.28 p < 0.01

25 [Vitamin D] (ng/mL) 22.54 ± 5.82 24.45 ± 6.90 N.S.
Abbreviations: BMI-SDS: Standardized body mass index (Z-score); F: Female; HDL-c: High density lipoprotein
cholesterol; HOMA: Homeostatic model assessment; LDL-c: Low density lipoprotein cholesterol; n: number of
patients; N.S.: Not significant.

The mean time from baseline to weight loss achievement was 0.94 ± 0.86 years, with
35.3% of patients attaining this goal at 6 months and 74.2% before 12 months of follow-up.
No differences in time to weight loss were observed according to sex or pubertal status.

The longer the time needed to attain BMI reduction, the lower the amount of raw
weight loss achieved (r = −0.65; p < 0.001). However, no correlation between the magnitude
of changes in metabolic parameters and the time spent to achieve weight loss was observed.

Prospective follow-up showed that the BMI reduction was preserved and even en-
hanced after 6 months upon weight loss attainment but increased from the first to the
third year after weight loss and later remained stable in those patients achieving 5 years of
follow-up (Figures 3 and 4).

3.3. “Metabolically Healthy” Cohort

No differences in age, sex or pubertal distribution between the MH and No-MH groups
were observed. However, the MH group showed a slightly lower mean standardized BMI
(+3.78 ± 1.30) than No-MH (+4.15 ± 1.59 SDS; p < 0.001).

The degree of metabolic impairment categories observed in the entire cohort based on
a fasting serum sample determinations and using the criteria previously described (12) are
shown in Figure 5.
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Figure 3. Evolution of patient retainment and their standardized BMI (expressed as SDS) in the five
years following weight loss in the excellent responder group. Abbreviations: BMI-SDS: Standardized
body mass index (Z-score); WL: Weight loss.

Figure 4. Evolution of BMI Z-score at every time-point throughout the 5 years following intense weight loss in the “excellent
responder” group. Shown as the mean of a paired comparison with each patient’s BMI Z-score at each timepoint compared
to baseline (taking into account exclusively those retained at each follow-up) differentiating between those further reducing
their BMI (F-WR) or regaining it (Regain) after the initial intense weight loss. Abbreviations: 95% CI: 95% Confidence
interval; F WR: Further weight (and BMI) reduction; Regain: Showing weight (and BMI) increase after initial intense loss.
The percentages of patients showing F-WR after initial weight loss among those retaining follow-up were 71.1% at 6 months,
63.9% at 1 year, 53.7% at 2 years, 61.3% at 3 years, 38.9% at 4 years, and 69.2% at 5 years.
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Figure 5. Prevalence of metabolic comorbidities in the entire study cohort at baseline based on fasting
determinations. Abbreviations: ADA: American Diabetes Association (criteria for IFG: ≥100 mg/dL);
HDL-c: High density lipoprotein cholesterol; IFG: Impaired fasting glucose; IR: Insulin resistance (fasting
insulin ≥ 15 μU/mL); LDL-c: Low density lipoprotein cholesterol; T2DM: Type 2 diabetes mellitus (ADA
criteria: ≥126 mg/dL, confirmed); WHO: World Health Organization (criteria for IFG: ≥110 mg/dL).

The prevalence of MH patients was lower in Latinos (30.4%) than in Caucasians (41.0%;
χ2 9.358; p < 0.01) and was also lower in IR (28.1%) compared to No-IR patients (48.0%;
χ2 46.003; p< 0.01). Consequently, the prevalence of IR (37.0% in the whole cohort) was
higher in the No-MH group (44.8%) than in the MH patients (25.5%). Among MH patients,
those with IR (n = 129) were older, more severely obese, and had higher systolic and
diastolic blood pressure and glucose, uric acid and triglyceride levels and lower HDL-c
levels than the MH patients without IR (Table 5).

Table 5. Clinical features of metabolically healthy (MH) patients and comparison according to the
presence or absence of fasting hyperinsulinemia (Insulin ≥ 15 μU/mL vs. Insulin < 15 μU/mL).

All MH (n = 505)
Insulin < 15 μU/mL

(n = 376)
Insulin ≥ 15 μU/mL

(n = 129)

Age (years) 10.14 ± 3.20 11.62 ± 2.58 p < 0.001

BMI-SDS 3.66 ± 1.25 4.12 ± 378 p < 0.001

SBP (mmHg) 113.46 ± 11.68 118.26 ± 12.57 p < 0.001

DBP (mmHg) 58.83 ± 6.89 61.68 ± 6.71 p < 0.001

Fasting glucose (mg/dL) 90.35 ± 5.32 91.68 ± 4.73 p < 0.05

Uric acid (mg/dL) 4.41 ± 0.79 4.63 ± 0.85 p < 0.01

HDL-cholesterol
(mg/dL) 51.01 ± 9.15 48.41 ± 7.32 p < 0.01

Triglycerides (mg/dL) 55.54 ± 22.10 68.47 ± 24.27 p < 0.001
Abbreviations: BMI: body mass index; DBP: diastolic blood pressure; SBP: diastolic blood pressure; SDS: Standard
deviation score. Data are shown as mean ± SD.

Metabolic data at the end of follow-up were available for 152 of the 505 MH patients
at the onset of the study (30%). Among these, 73.7% remained MH whereas 26.3% had
developed at least one metabolic comorbidity (independently of the presence or absence of
IR at diagnosis). Among the No-MH patients (metabolic data at the end of follow-up were
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available in 29.8% [237/795]) 8.4% became MH by the end of follow-up, whereas 91.6%
still showed at least one metabolic comorbidity.

A significant decrease in BMI from baseline to the end of the study was observed both
in those patients who remained MH (+3.50 ± 1.02 to +2.76 ± 1.36 SDS, p < 0.001) as well as
in those who resolved their initial comorbidities (+3.58 ± 1.57 to +2.69 ± 2.28 SDS, p < 0.05),
but not in those developing comorbidities throughout follow-up or remaining No-MH.

4. Discussion

In this study we observed that a high attrition rate was the most relevant and limiting
factor in our outpatient specialized assistance pediatric obesity clinic, with a very high
drop-out rate in the early stages of intervention as well as a low mean duration of follow-
up. We have seen how the fulfillment of behavioral counselling and the attainment of
BMI reduction occurs most frequently in the first year of intervention, with a significant
percentage of patients being very successful, and with metabolic improvement being
attained independently from the time required to achieve weight loss and that can be
sustained if follow-up is retained. We have also seen that controlled intervention does
not affect growth or pubertal development, nor does it impair the attainment of the adult
target height, although the timing and pace of growth are influenced by obesity and its
severity. Finally, we saw that insulin resistance is related to metabolic status in patients
with obesity, even before the onset of other metabolic alterations, and should be considered
when defining whether a person is metabolically healthy, especially when considering that
in childhood obesity the metabolic statis is a dynamic condition related to the evolution of
the patient’s BMI over time.

This study, similar to most preceding reports, highlights the evidence and rele-
vance of the high attrition rate in intervention programs for childhood and adolescent
obesity [8–11,28], with the number of patients in follow-up declining over time. Here,
we found that 43.7% dropped out before their third visit and only 7% extended their visits
up to 7 years. Around 60% of patients unilaterally decided to stop the follow-up. As might
be expected, 84.1% of them had not fulfilled the therapeutic recommendations in their
visits prior to withdrawal, whereas only 5.4% stated that they had difficulties to attend the
programmed visits.

Several factors have been analyzed to predict and avoid a patient’s dropout, including
misperception of disease status, ethnicity, socio-economic or cultural determinants or
unavailability to attend the visits [7,9–11,29]. Among these possibilities, misperception of
the parents and children of their weight status or the conception that obesity is not a real
disease is particularly important in our [30] and most western environments [31,32]. This
underestimation of the pathogenicity of childhood obesity could, at least in part, explain
why 11.2% of the patients in our cohort did not even perform the complementary test
requested and withdrew after their first interview and clinical evaluation, even though
they had been referred for specialized care by their primary care physician. This limited
parental and child concern could also be involved in the high rate of patients not fulfilling
the recommendations while in follow-up prior to attrition. Additionally, a large percentage
of the population assumes that it is the onset of metabolic comorbidities, particularly type 2
diabetes or dyslipidemia, but not weight excess itself that confers the pathogenic potential
to obesity [9]. This could influence the additional 32.5% of patients who dropped out at
their second visit after getting the results from their metabolic evaluation.

This degree of acceptance of obesity is further enhanced if a positive background of
familial obesity exists [31], with more severe obesity and higher prevalence of comorbidities
observed in the offspring of parents with obesity at the time of consultation [33], with
this being closely related to ethnic, socio-economic and cultural factors [31]. Although the
parental academic level background distribution in our cohort was similar to that of the
general population in our country [34], no family economic data were registered. These
factors could potentially underly the significantly higher attrition rate observed in Latino
patients compared to Caucasians at early stages of intervention.
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Interestingly, up to one third (33.5%) of the parents asked to discontinue the vis-
its, most after the children had improved their BMI or metabolic comorbidities. This
early withdrawal from obesity intervention programs is thought to be a result of the mis-
perception that the obesity was cured [35], which can result in weight regain and later
re-consultation as observed in 8% of our patients, most of them after having regained
previously lost weight.

Even assuming the high drop-out rate and the positive selection bias derived from a
higher attrition rate in those patients not fulfilling therapeutical recommendations, mean
follow-up duration in our cohort was similar to that reported in other long-term follow-up
series [36], with a retention rate of 54.5% after 1 year; with 72% of the patients showing
some BMI reduction (mean over −1 SDS) and with almost 20% being excellent responders
(75% of these also in the first year). Subsequently, 31.6% and 15.4% of the cohort extended
their follow-up over 2 and 3 years, respectively, resulting in a reduction in mean BMI at
the end of follow- up of over 1 SDS in 62% of patients. The degree of fulfillment of the
main behavioral recommendations, snacking avoidance, control of compulsive eating and
scheduled physical activity, followed a parallel pace to patients’ BMI evolution, significantly
improving as early as the second visit and remaining stable to the end of follow-up. This
reinforces the relevance of the changes attained in the early stages of the intervention to its
final outcomes.

Our data show a higher retention rate and success in weight loss in this cohort
compared to previous series [8,36], even though the proximity to the patient’s home and
the possibility of a greater frequency of contact, reported to positively influence behavioral
outcome [29,37], is limited at the tertiary care level. These results could be influenced by
the relevance that the parents place on being sent to specialized care by the primary care
physician, the reduced mean age (10.46 years), the severity of the patient’s obesity (mean
BMI above +4 SDS) and the high prevalence of metabolic comorbidities in our cohort, all of
which could enhance the parental perception of disease in their offspring. Consequently,
this could underly the higher rate of excellent responders among prepubertal patients
that can be more influenced by their parents’ concerns compared to pubertal patients.
Additionally, the development of the intervention in a socialized national healthcare
system, with no economic factor biasing visit schedule, and the designation of the same
physician for the successive visits of every patient could, among other factors, increase
their loyalty and the retention rate once follow-up is settled [38].

The combined analysis of these data suggests that the first year of intervention is
crucial to the final outcome and efforts should be focused on the attainment of the maximum
BMI change in the first year of follow-up, as this increases the chances of sustaining the
achieved weight loss, at least in the following 5 years, as seen in the excellent responder
group. However, early weight loss can result in a “double edged sword”; that is, it can be
the first step for sustained BMI improvement, but also can determine a misconception of
definite success resulting in follow-up withdrawal and weight regain due to the return to
unhealthy behaviors, which should be prevented [35]. Thus, rapid weight loss may not be
the best option for every patient and an individualized strategy regarding the amount and
pace of weight loss should be agreed upon in each singular case. This is supported by two
observations: (1) among the excellent responders no correlation was observed between
time to attain weight reduction and the magnitude of metabolic changes; (2) the excellent
responders that required a longer time to achieve weight loss, thus reducing the influence
of weight loss on growth, or those patients achieving a more modest weight reduction,
independently of the time spent to attain it, also showed significant metabolic improvement.

Consequently, efforts must be made for the continuation of follow-up to consolidate
the decrease in BMI, as its duration is an independent predictor of success [39]. Indeed,
a duration of at least three years of follow-up has been proposed [17] and it is consistent
with the maximum follow-up time observed for the majority of patients in our cohort.
However, at the end of the intervention, only 6.6% of the patients normalized their BMI and
10.3% shifted to overweight, with 82.1% of them remaining above the threshold of obesity
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(+2 BMI-SDS), which emphasizes the difficulties with reverting to this chronic condition
and suggests that the coordinated assistance between specialized care (possessing resources
and specialized units) and primary care (having proximity and accessibility) could enhance
and prolong the benefits of obesity-oriented interventions [40].

4.1. Influence of Intervention and BMI Changes on Metabolic Comorbidities

The effect of BMI reduction on the improvement of metabolic status observed in the
excellent responders might be expected. However, the mean decrease in HOMA index
and lipid metabolism parameters observed in the 451 patients out of the total 1300 patient
cohort reevaluated metabolically prior to the end of follow up, with a mean cohort decrease
in BMI of −0.37 DSD, independently of the duration of follow-up, had a linear relationship
with the magnitude of BMI decrease, which reinforces the idea that the change in BMI is the
primary factor in metabolic health in children and adolescents with obesity. Furthermore,
BMI reduction was observed in patients that became metabolically healthy during follow-
up or that were already metabolically healthy at the onset of the study and/or at the last
clinical visit; however, BMI was not reduced in patients that had persistent metabolic
alterations or developed these alterations during the study.

Regardless of the criteria used for defining metabolically healthy in children with obe-
sity [19–22], the results of this study reinforce the role of insulin resistance as the initial step
for metabolic derangement in childhood obesity, even before any analytical abnormality
in glucose, uric acid or lipid metabolism is detected [12,19], with metabolically healthy
patients with IR showing significant differences in these metabolic parameters compared
to those that are metabolically healthy without IR, even though this is not considered in
the proposed consensus definition for this entity during childhood [20]. However, the con-
sideration of insulin resistance, next to other elements such as inflammatory markers,
adipokine levels or measurements of ectopic fat deposition, has been proposed in more
recent revisions of this term [21,22] indicating that more precise analyses of body fat con-
tent and distribution (using DXA scan or abdominal MRI) should be considered to better
describe the “metabolically healthy” phenotype in obesity. More importantly, our data
indicate that during childhood, being classified as metabolically healthily obese is dynamic
and mainly dependent on the evolution of the patient’s BMI throughout childhood and
adolescence. Additionally, the lower prevalence of metabolically healthy individuals in
the Latino patients in our cohort, previously already shown to present higher insulin
resistance, triglyceride levels and prevalence of liver steatosis when using our populational
standards [12,41], should lead us to consider whether homogeneous standards are valid for
every patient, or whether ethnic specific standards for these parameters should be advised.

4.2. Influence of BMI on Puberty and Growth

We have confirmed previous observations pointing to accelerated skeletal maturation
in children with obesity, resulting in a standardized height over their target height and
directly correlated with the severity of obesity [12,13]. Interestingly, the follow up of
a significant number of our patients over an extended period of time, some of them
encompassing their entire pubertal development and growth spurt, confirms the lack of
impairment of obesity-oriented intervention on growth and the attainment of adult height,
which was equal to or slightly above that expected according to parental heights [13,14].
Additionally, we observed that the mean pubertal growth spurt in obesity is lower and
inversely correlated with the severity of obesity. At the same time the presence of obesity
seems to abolish the differences between sexes in the degree of the growth spurt observed in
physiological conditions. This could be related to the acceleration in skeletal maturation and
the relative childhood overgrowth observed in these patients [12,13]. In contrast, the mean
pubertal duration (3.23 years) and time from Tanner stage II to menarche in girls (1.65 years)
were similar to that of the general population, despite the inverse correlation observed
between obesity severity and duration of puberty. It is clear that several factors such as
sex, severity of obesity or the degree of advancement in skeletal maturation determine
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the features of growth during childhood, and particularly during puberty. This should
be taken into account when evaluating height, bone age and growth pace in children and
adolescents with obesity as previously reported [12,23].

4.3. Study Limitations

The major limitation of this study derives from the fact that patient follow-up was
performed during the regular outpatient clinic activity and not in an ideally controlled
research design that would result in increased homogeneity in study time-points and
data collection for all patients, particularly regarding the final follow-up time-point. Con-
sequently, the high attrition rate observed and the modifications and delays in patient
appointments, frequent in daily clinical practice, has resulted in a degree of heterogeneity
in data collection. Additionally, the analysis of several obesity-related topics based on
the regular activity in the clinical setting with a large number of patients throughout a
long timeframe does not allow for the performance of specific examinations (i.e., body
composition study) in all patients that would allow for a more thorough analysis of each
aspect of auxological or metabolic affectation. However, at the same time this is one of the
valuable singularities of this study, which represents the “real world” characteristics and
difficulties of daily clinical practice and follow-up in childhood obesity in our environment.
The simultaneity of the analysis of BMI evolution, attrition rate, metabolic changes, growth
or puberty, though not exhaustive for each topic, will surely be useful for professionals
involved in the care of these patients.

5. Conclusions

We can conclude that: (1) Behavioral management in an outpatient specialized clinic
for childhood and adolescent obesity can be effective in a significant number of patients
and it does not impair lineal growth (privative of this age range and absent in adult
patients) that contributes to the effective achievement of BMI reduction. (2) The outcome
of the intervention is conditioned by a high attrition rate whose predictive factors should
be considered when individually designing the intervention schedule for each patient.
(3) BMI reduction is the main determinant of metabolic improvement in children and
adolescents with obesity, with the latter being achieved even after a sustained modest BMI
reduction and not related to the time spent to achieve weight loss. (4) The best results in
BMI reduction are attained during the first year of intervention, particularly in a subset of
patients, and can be maintained if follow-up is retained. However, weight can be regained
if intervention is stopped prematurely. Consequently, a sufficient follow-up duration must
be ensured for these patients.

In summary, our observations support the concept that in a chronic disease such as
obesity, long-term, if not life-long, treatment is often required and that the intervention to
improve weight and metabolic status must be started at early ages in an attempt to achieve
a healthy adulthood.
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Abstract: The association between lifetime weight fluctuations and clinical characteristics has been
widely studied in populations with eating disorders (ED). However, there is a lack of literature
examining the potential role of weight course as a transdiagnostic factor in ED so far. Therefore, the
aim of this study is to compare ED severity and treatment outcomes among four specific BMI profiles
based on BMI-trajectories across the lifespan: (a) persistent obesity (OB-OB; (n = 74)), (b) obesity in
the past but currently in a normal weight range (OB-NW; n = 156), (c) normal weight throughout
the lifespan (NW-NW; n = 756), and (d) current obesity but previously at normal weight (NW-OB;
n = 314). Lifetime obesity is associated with greater general psychopathology and personality traits
such as low persistence and self-directedness, and high reward dependence. Additionally, greater
extreme weight changes (NW-OB and OB-NW) were associated with higher psychopathology but
not with greater ED severity. Higher dropout rates were found in the OB-OB group. These results
shed new light on the BMI trajectory as a transdiagnostic feature playing a pivotal role in the severity
and treatment outcome in patients with ED.

Keywords: body mass index (BMI) profiles; eating disorders; obesity; treatment outcome

1. Introduction

Eating disorders (ED) and obesity have frequently been considered as part of the same
continuum of so-called extreme weight conditions [1–3]. This continuum is reinforced
because both pathologies share risk and maintenance factors that have been widely de-
scribed in the literature [4–6]. Furthermore, genetic factors underlying body mass index
(BMI) have been associated with disordered eating behaviors and related cognitions, and
these associations have also been mediated by BMI [7]. Among the different ED listed
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in the DSM-5 [8], binge eating disorder (BED) is the one with the highest prevalence of
comorbid obesity [9,10] followed by bulimia nervosa (BN) [11]. Villarejo et al. [11] found
that almost 30% of female patients with ED had lifetime obesity, and those patients were
characterized by later age of onset, longer duration of the disorder, higher minimum and
maximum-ever BMI, and higher eating-related and general psychopathological severity.
Similarly, a continuum of severity has been described in which patients with obesity and
BN show the highest symptomatology and psychopathology, followed by BED with obesity,
with obesity without ED being the least severe [12].

The personality profiles of individuals with overweight or obesity have been widely
reported in the literature, both in patients with [13,14] and without ED [15]. Patients with
ED and lifetime obesity often present personality profiles characterized by a higher harm
avoidance and lower scores in persistence, self-directedness, and cooperativeness than ED
patients without obesity [11,12]. In addition, a systematic review on personality traits in
obesity identified that high scores on reward sensitivity, impulsivity, and neuroticism may
act as risk factors, whereas high self-directedness, persistence, and self-control would act
as protective factors [15].

Weight trajectories [16] and fluctuations [17,18] have also been associated with disor-
dered eating behaviors and may be of relevance as risk and maintaining factors [17,18].
Frequent weight fluctuations suggest some degree of dysregulation of weight homeosta-
sis [19]. The difference between the premorbid weight before the onset of ED and current
weight has been described as a risk factor for bulimic psychopathology [18,20]. It also
appears as a predictor of weight gain during therapy [20,21] and poorer treatment out-
comes [22]. Striegel-Moore et al. [23] found a rapid increase in weight trajectory two years
prior to the onset of BED. Ivezaj et al. [24] also found that patients with BED and obesity
reported a significant weight gain during the year before seeking treatment and this was
associated with higher relapse rates, greater ED and affective psychopathology [24–26].
Furthermore, a large body of research has revealed that some ED-related characteristics
such as emotional eating, binge eating behaviors, poor body image, and high body dis-
satisfaction are associated with weight fluctuations in patients with ED [27,28]. Indeed,
some authors have described above-average weights and more fluctuation in adolescents
prior to the onset of the ED (i.e.,) [29]. Likewise, severe weight cycling was more prevalent
among adult women with obesity and was associated with higher reward sensitivity, and
depressive-related symptomatology, and a higher prevalence of BED [30].

The relationship between weight suppression (WS) (defined as the difference between
the highest adult weight and the current weight) and ED has also been the subject of
interest in the literature. However, it is difficult to draw firm conclusions as the evidence
is mixed. Some studies found no associations between WS and clinical variables [31,32],
whereas others found that WS was related to more severe ED symptomatology, greater
depression, poorer prognosis, and greater weight gain at post treatment [17,33–35].

To our knowledge, no study has examined groups of patients with ED based on
lifetime weight trajectories. Therefore, the main goal of the present study was to examine
whether obesity across the lifespan might be a transdiagnostic marker of ED severity and
treatment outcome. A clinical sample of people with ED was post hoc distributed into
four BMI profiles according to the period of obesity over adulthood: (a) with lifespan
obesity (OB-OB), (b) with past obesity but currently normal weight (OB-NW), (c) with
normal weight throughout their lifespan (NW-NW), and (d) with previous normal weight
but current obesity (NW-OB). Therefore, two substudies were conducted. The first cross-
sectional substudy aimed (1) to examine whether the different diagnostic categories of EDs
are differentially distributed across the BMI profiles and (2) to compare the BMI profiles in
terms of motivational stage, ED severity, general psychopathology, personality traits, and
impulsive behaviors. The aim of the second prospective substudy was to examine whether
the BMI profile predicted treatment outcome.

We hypothesized that the prevalence of patients with BED would be greater in BMI
profiles with obesity. A second hypothesis was that patients with increased lifetime weight
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changes (i.e., OB-NW and NW-OB) would exhibit greater ED symptomatological and
psychopathological severity, as a worse treatment outcome.

2. Materials and Methods

2.1. Participants

The clinical sample consisted of 1300 adult patients with ED. All the patients were
consecutive referrals for assessment and treatment to the EDs Unit, Department of Psychi-
atry at the Bellvitge University Hospital (Barcelona, Spain). The sample was composed
of 82 males and 1218 females meeting the criteria for BN (n = 719), BED (n = 211), and
OSFED (n = 370). Patients admitted before 2013 were originally diagnosed according to
DSM-IV-TR criteria [36]. All diagnoses were recoded post hoc using DSM-5 criteria [8].

The longitudinal substudy was conducted with 500 of the patients from the first
substudy (91.6% females; 8.4% males) with available post-treatment data. Although
differences were observed between the participants included and those not included in the
longitudinal substudy in terms of diagnosis, sex, educational level, and employment status,
it should be noted that they did not show significant differences in terms of the main clinical
variables such as group distribution, age, age of onset of the ED, and symptomatological
ED severity (see Supplementary Table S1).

The following exclusion criteria were applied to both substudies: (a) age below
18 years old; (b) having a diagnosis of AN or presenting with a BMI below 18.5 kg/m2;
(c) currently overweight (BMI: 25–29.9 kg/m2). The last two exclusion criteria were made
according to a clinical consensus to suit the standardized definitions of normal weight
and obesity and to cluster the empirical groups accordingly. Figure S1 (Supplementary
Materials) includes the flowchart with the sampling procedure. Additional analyses
confirmed that there was no methodological bias since there were no significant differences
between included and nonincluded participants in the distribution of the main variables
such as sociodemographic variables (sex: p = 0.065, education level: p = 0.127, marital status:
p = 0.288, and age: p = 0.074), age of onset of the disorder (p = 0.986), and psychopathological
severity (SCL-90R PST: p = 0.074, SCL-90R GSI: p = 0.075, and SCL-90R PSDI: p = 0.074).

2.2. Assessment

Sociodemographic and clinical data were obtained by means of a face-to-face semistruc-
tured interview based on the SCID-5 [37] administered by clinical psychologists and psy-
chiatrists specialized in ED. During this clinical interview, data on the presence of certain
impulsive behaviors, such as nonsuicidal self-injury (NSSI) behaviors, suicidal ideation
and/or attempts, alcohol abuse, and drug abuse were also retrieved from specific questions
that have been previously used in previous research [38,39]. The evolution of weight
was recorded by asking about the minimum and maximum weight attained throughout
adulthood and at what age they reached this weight, as well as the current weight at the
time of assessment. Additionally, the following commonly applied questionnaires in the
field of ED were administered:

The Eating Disorder Inventory-2 (EDI-2) [40] is a 91-item self-reported questionnaire
that assesses 11 ED-related cognitive and behavioral domains. A total score is also pro-
vided to report overall ED severity. This instrument has been validated in a Spanish
population [41]. In the current sample, the internal consistency was excellent (α = 0.948).

The Symptom Checklist-90-Revised (SCL-90-R) [42] contains 90 items that measure
9 primary psychopathological dimensions: somatization, obsession–compulsion, inter-
personal sensitivity, depression, anxiety, hostility, phobic anxiety, paranoid ideation, and
psychoticism; and includes three global indices: global severity index (overall psychologi-
cal distress), positive symptom distress index (the intensity of symptoms), and a positive
symptom total (self-reported symptoms). This scale has been validated in a Spanish
population [43]. In the present study, internal consistency was excellent (α = 0.976).

The Temperament and Character Inventory-Revised (TCI-R) [44] is a 240-item self-
reported questionnaire that measures seven dimensions of personality: four temperament

187



Nutrients 2021, 13, 2034

dimensions (harm avoidance, novelty seeking, reward dependence, and persistence) and
three character dimensions (self-directedness, cooperativeness, and self-transcendence).
The Spanish validation was carried out by Gutierrez-Zotes et al. [45]. Our internal consis-
tency ranged from α = 0.797 to α = 0.893.

The motivation stage of change was evaluated by means of a visual analog scale,
ranging from 0 to 8, which assessed the following five aspects: (1) subjective desire to
receive treatment, (2) need for treatment, (3) perceived impairment, (4) self-concern, and
(5) parental concern. Higher scores indicated greater worry and motivation to change. This
scale has been previously described and applied in other studies [46].

2.3. Treatment

Treatment consisted of 16 weekly group outpatient sessions of cognitive behavioral
therapy (CBT). There was a total of 8–10 patients per group. Although patients with BN,
BED, and OSFED were placed in separate groups of therapy, all the treatment groups
were based on the same CBT program. This program and its complementary material
have already been manualized and published in Spanish [47] with demonstrated effective-
ness [48–51].

Patients were reevaluated at discharge and categorized into the following DSM-5
categories [8]: full remission (total absence of symptoms meeting diagnostic criteria for at
least 4 consecutive weeks), partial remission (substantial symptomatic improvement but
with residual symptoms), and nonremission (poor outcome or exacerbation of symptoms).
These categories were used to assess treatment outcomes in previously published stud-
ies [48,50,52–54]. Voluntary treatment discontinuation was categorized as dropout (i.e., not
attending treatment for at least three consecutive sessions).

In accordance with the Declaration of Helsinki, the present study was approved by
the Ethics Committee of our institution (The Clinical Research Ethics Committee (CEIC) of
the Bellvitge University Hospital). All participants provided signed informed consent.

2.4. Statistical Analyses

Statistical analysis was carried out with Stata16 (StataCorp, College Station, TX, USA)
LLC for windows [55]. The comparison between the four groups of the study (OB-OB,
OB-NW, NW-NW, and NW-OB) was based on chi-square tests (χ2) for categorical variables
and analysis of variance (ANOVA) for quantitative variables.

The effect size for the difference between means was estimated through the stan-
dardized Cohen’s d coefficient, considering null effect size for |d| < 0.20, low-poor for
|d| > 0.20, moderate-medium for |d| > 0.50, and large-high effect for |d| > 0.80) [56]. The
effect size for the difference between proportions was estimated through the standardized
Cohen’s h coefficient, which is interpreted similarly to Cohen’s d measure and calculated
through the arcsine transformation of the rates registered in each group (null effect size is
considered for |h| < 0.20, low-poor for |h| > 0.20, moderate-medium for |h| > 0.50, and
large-high for |h| > 0.80) [57].

An increase in Type-I error due to multiple significance tests was controlled with the
Finner method [58], a family-wise error rate (FWER) stepwise procedure, which has proved
more powerful than the classical Bonferroni correction. When controlling the k-FWER, a
fixed number of k-1 of erroneous rejections is tolerated, and under the assumption that
all the null hypotheses are equal, controlling the FWER at level α is equivalent to the
problem of combining the original-unadjusted p-values to obtain single testing for the null
hypothesis (H0), which is at level α. For example, from a procedure R that controls the
FWER at level α is equivalent to derive a single testing procedure of level α by rejecting the
H0 whenever R(p) is not empty (that is, whenever R(p) rejects at least one hypothesis). In
practice, the Finner method is employed by adjusting the rejection criteria for each of the
individual hypotheses fixing the FWER no higher than a certain prespecified significance
level. The procedure starts sorting the p(unadjusted)-values (p1, . . . , pk), achieved in
k-independent null-hypothesis tests, into the order of lowest to highest. Then, the next
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algorithm is used: p(adjusted) = (1 − (1-p(unadjusted))ˆ(total tests/position within the
ordered tests).

3. Results

3.1. Comparison between the Groups for Sociodemographics, BMI, and Motivational Measures

Figure 1 displays the diagnostic profile within each grouping. The first block of
Table 1 includes cluster, sociodemographic and diagnostic information type. The OB-OB
BMI profile included mainly patients with BED, whereas patients with BN and OSFED
diagnoses were within the OB-NW and NW-NW groups. The fourth BMI profile (i.e.,
NW-OB) consisted mainly of the BN and BED diagnostic types.

Figure 1. Distribution of the diagnostic subtype within the lifetime BMI profiles. Note: OB: obesity;
NW: normal weight; BN: bulimia nervosa; BED: binge eating disorder; OSFED: other specified
feeding or eating disorder.

The group with the highest prevalence of men was OB-NW, followed by OB-OB and
NW-OB, only a small percentage of NW-NW patients were men.

Higher levels of educational achievement were attained in the NW-NW and NW-OB
groups. A higher proportion of the NW-OB patients were married. Those in the OB-OB
group were more often employed, and those in the NW-NW more often studying.

The NW-OB and OB-OB groups considered themselves to be most symptomatic
and in need of treatment. Family members of NW-NW and OB-NW groups expressed
most concern.

3.2. Comparison between the Groups for Clinical Measures

Table 2 contains the comparison between the groups for the clinical profiles. People
in the NW-NW group were younger, with an earlier age of onset and shorter duration
of the disorder. Those in the NW-OB group were older, with a later age of onset and
longer duration.

The highest frequency of binges was noted within the NW-OB group, while the highest
frequency of vomiting was noted in the OB-NW group. The OB-OB group had the lowest
number of binges and vomiting episodes.

The highest eating psychopathology (EDI-2 total score) was in the OB-OB group,
followed by NW-OB, OB-NW, and NW-NW groups. The most severe general psychopatho-
logical state (SCL-90R scores) was related to NW-OB, followed by OB-NW.

The OB-OB group had higher levels of harm avoidance, reward dependence, coop-
erativeness, and self-transcendence. The NW-NW group had higher levels of novelty
seeking, persistence, and cooperativeness. The OB-NW group had lower levels of novelty
seeking, reward dependence, and cooperativeness. The NW-OB group had higher levels of
harm avoidance.
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3.3. Comparison between the Groups for Impulsive Behaviors

NSSI behavior, suicidal ideation and attempts, and substance use/abuse are shown
in Table 3. The highest proportions of patients who reported NSSI behavior were in the
OB-NW group, followed by NW-NW, NW-OB, and OB-OB groups. The highest prevalence
of suicidal behavior (ideation and attempts) was registered among NW-OB and OB-NW
groups. The lowest prevalence of alcohol and drug consumption was registered among the
OB-OB group, while OB-NW and NW-NW groups reported the highest prevalence.

3.4. Association between Age of Onset of ED and Age of Maximum BMI

The age of the maximum BMI and age of onset of the ED are shown in Table 4, and
a scatterplot of these data is shown in Figure 2. Most patients in the BMI profile of NW-
OB and OB-OB registered the maximum BMI after the onset of the ED. Among OB-NW
patients, 35.2% registered maximum-ever BMI prior to the onset of ED, 27.2% coinciding
with the onset of ED, and 37.6% after the onset of ED. Among NW-NW patients, 24.6%
registered maximum-ever BMI prior to the onset of the ED, 22.9% coinciding with the onset
of ED, and 52.5% after the onset of ED.

Figure 2. Scatterplot with the age of onset of the ED and the age of the maximum BMI.

3.5. Comparison of the CBT Outcomes between the BMI Profiles

Table 5 shows the distribution of the CBT outcomes between the groups (see also
Figure 3). The OB-OB BMI profile registered the highest prevalence of dropouts and the
lowest of non-remission. The NW-NW BMI profile presented the highest prevalence of
non-remission. OB-NW and NW-OB groups achieved the highest prevalence of partial- or
full-remission.
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Figure 3. Distribution of the CBT outcome within the lifetime BMI profiles. Note: OB: obesity; NW: normal weight.

4. Discussion

The present study sought to address an important gap in the literature by examining
whether the weight history of patients with ED could be a transdiagnostic marker of
severity and treatment outcome. We analyzed the psychopathology and dysfunctional
personality profiles of the different groups. We also examined whether these BMI profiles
had a different response to therapy.

As expected, the main finding was that most patients with BED were in the BMI
profile with current obesity. These results are in line with previous studies suggesting
that BED is strongly associated with excessive body weight gain [11,59], due to the high-
calorie overconsumption in absence of compensatory behaviors and the sedentary lifestyle
frequently reported by these patients [10,60]. While most patients with OSFED were mainly
represented in the BMI profiles with current normal weight (OB-NW and NW-NW), the
patients with BN were more heterogeneous, and they were cited in all the BMI profiles but
were mainly normal weight.

Patients with current obesity (i.e., those in OB-OB and NW-OB) reported the highest
levels of motivation for change, specifically greater concern, and subjective intensity of
their ED, and a higher desire for treatment. It may suggest that they consider their obesity
related to the ED and, therefore, they are more motivated to seek treatment. This hypothesis
would be reinforced by our results showing that most patients in the OB-OB and NW-OB
BMI profiles recorded the maximum-ever BMI after the onset of the ED. On the other
hand, it should be noted that these patients also had a longer duration or chronicity of the
disorder, which has previously been related to increased motivation and perceived need
for treatment [61].

The second main objective was to examine the clinical differences between the groups
based on BMI changes over the lifetime. Our findings are partially in agreement with
previous research on weight fluctuations. Consistent with previous studies, we found an
association between lifetime weight changes (i.e., NW-OB and OB-NW) and a more severe
general psychopathological state [24]. However, in contrast to other studies [24,25], we
found no association between weight fluctuations and greater ED-related symptomatology.
Nevertheless, according to previous research [11], our results corroborate that, overall,
patients with lifetime obesity report greater ED and general psychopathology, compared
to those without a history of obesity (namely NW-NW). This might suggest that lifetime
obesity, rather than weight fluctuations, is associated with greater psychopathology, regard-
less of whether the obesity was before or after the development of the ED. Our findings
show that patients who have never had obesity had higher novelty seeking, and were
also higher in persistence and self-directedness than those with lifetime obesity. These
findings are similar to those reported by Villarejo et al. [11] in which a more dysfunctional
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personality profile (characterized by high harm avoidance, and low scores on persistence,
self-directedness, and cooperativeness) was described in patients with ED and lifetime
obesity. Similarly, high persistence, self-directedness, and self-control have been identified
as protective factors for weight gain or obesity development [15]. In addition, this research
went a step further and identified the lowest scores on reward dependence and novelty
seeking in the group of patients with previous obesity but current normal weight (i.e., OB-
NW). Low scores on reward dependence are related to being independent, not influenced
by others, nonconformist, socially detached, and insensitive to social pressures. Therefore,
although this finding may seem striking, it is in line with a previous study suggesting that
people who do not require social support and are more self-confident are more likely to
achieve self-directed weight loss [62]. This finding supports the use of therapeutic tools
targeted at improving self-reliance, especially in patients with lifetime obesity. On the other
hand, our results reveal that patients who achieved a normal weight coming from obesity
were those with the lowest scores on novelty seeking. This is consistent with a prior study
suggesting that low novelty seeking was associated with weight loss in patients seeking
treatment for obesity [63]. Therefore, this finding suggests that using techniques to reduce
impulsivity would be useful in the treatment of patients with ED and obesity [64].

Our results also reveal that patients with more extreme weight changes across the
lifespan (i.e., OB-NW and NW-OB) endorsed a higher frequency of suicidal ideation and
attempts. These results are in line with previous studies reporting more depressive-related
symptomatology and severe psychopathology in patients with lifetime weight fluctua-
tions [22,24,30]. The OB-NW profile also engaged in more NSSI behaviors. Additionally,
this group had the highest frequency of vomiting episodes, which is in line with previous
findings suggesting that NSSI is strongly related to purging behaviors and both may serve
similar functions in terms of emotion regulation [65]. The lowest prevalence of substance
consumption (alcohol and drugs) was registered among OB-OB. As this BMI profile had
the lowest frequency of vomiting, our results are also in agreement with previous studies
that found a relationship between a higher frequency of purging behaviors and higher
substance use [66,67].

Finally, the longitudinal data indicate that patients in both OB-NW and NW-OB
groups had the best treatment outcomes, which is inconsistent with the previous literature
that had found a relationship between greater weight fluctuations and lower therapeutic
adherence and worse treatment outcome [17]. Patients in the OB-OB BMI profile had the
highest dropout rates. This novel and noteworthy result calls into question the findings
of previous studies reporting that patients with BED had rapid symptoms remission but
also high dropout rates, compared to BN [48]. This previous study suggested that patients
with BED, most of them with obesity, dropped out more frequently because their desire to
lose weight was not addressed by standard CBT. In addition, the current research expands
these findings and indicates differences within this type of patient. Although patients with
BED were represented in both NW-OB and OB-OB BMI profiles, only those in the latter
group presented a higher prevalence of dropout. One possible rationale could be that
patients who have developed obesity after the ED onset may consider their weight gain
as a consequence of the disorder and dependent on their recovery. Therefore, they may
exhibit greater therapeutic adherence.

Limitations and Strengths

The present study should be considered within the context of several limitations. First,
retrospective and self-report data collection (mainly regarding maximum and minimum
weight) may limit the validity and reliability of our results. Participants who may have
been underweight (BMI < 18.5 kg/m2) in the past were not excluded in this study because
of the difficulty of interpreting retrospective reports of age-associated BMI changes and the
unavailability of height data. Further studies should exclude participants with a lifetime
BMI less than 18.5 by controlling for weight and height at each time point. In addition,
although we asked for the age of onset of ED and age of maximum and minimum BMI,
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our results do not allow us to state that weight changes are a cause or a consequence
of the disorder. Second, the low representation of males did not allow for meaningful
sex-related comparisons. However, this was representative of the proportion we routinely
observe in clinical practice. Third, the motivational scale has not been validated, although
it has been used in previous studies [46,49,61]. In this line, further studies should include
validated instruments to measure the motivation stage of change. Finally, findings from
the longitudinal substudy were based on symptomatological remission after the therapy
but not recovery (which requires a long period of abstinence from ED symptomatology).
Hence, additional longitudinal studies collecting follow-up data are needed to determine
the long-term effect of the associations found.

Notwithstanding these limitations, the study also has several strengths that should be
noted. To the best of our knowledge, this is the first study examining the potential role of
BMI changes across the lifespan in the phenotypic characteristics and severity of patients
with ED, as well as their association with therapeutic response.

5. Conclusions

In short, our findings provide support for considering the course of BMI as a transdi-
agnostic feature that serves as a possible marker of severity and treatment outcome. Our
findings corroborate that lifetime obesity is associated with greater general psychopathol-
ogy and with some personality traits such as low persistence and self-directedness, and
high reward dependence (i.e., low self-confidence). Thus, more functional scores on these
personality traits may act as protective factors against weight gain. Finally, a relevant
finding from our research reveals that only a subgroup of patients with BED (namely, those
in the OB-OB BMI profile) have significantly less treatment adherence and higher dropout
rates, which might be because they do not link their obesity to the ED. Thus, the findings
derived from this study might improve our ability to identify clinical features related to
the symptomatic expression and prognosis of these patients (namely weight changes) and,
thereby, aid in tailoring the best treatment targets.
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Abstract: Eating disorders (EDs) are severe psychiatric illnesses that require individualized treat-
ments. Decision-making deficits have been associated with EDs. Decision-making learning deficits
denote a lack of strategies to elaborate better decisions that can have an impact on recovery and
response to treatment. This study used the Iowa Gambling Task (IGT) to investigate learning dif-
ferences related to treatment outcome in EDs, comparing between patients with a good and bad
treatment outcome and healthy controls. Likewise, the predictive role of impaired learning perfor-
mance on therapy outcome was explored. Four hundred twenty-four participants (233 ED patients
and 191 healthy controls) participated in this study. Decision making was assessed using the Iowa
Gambling Task before any psychological treatment. All patients received psychological therapy, and
treatment outcome was evaluated at discharge. Patients with bad outcome did not show progression
in the decision-making task as opposed to those with good outcome and the healthy control sample.
Additionally, learning performance in the decision-making task was predictive of their future out-
come. The severity of learning deficits in decision making may serve as a predictor of the treatment.
These results may provide a starting point of how decision-making learning deficits are operating as
dispositional and motivational factors on responsiveness to treatment in EDs.
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1. Introduction

Eating disorders (EDs) are important psychiatric illnesses that involve abnormal eating
behavior. Patients affected with EDs may present excessive concern over food, body weight,
and shape dissatisfaction. These conditions could also lead to serious physical problems
and impaired psychosocial functioning [1]. Moreover, there is an increased risk of suicide
in people with EDs compared to the non-ED population [2–5]. A recent systematic review
regarding the diagnosis prevalence of EDs established that worldwide, around 8.4% of
women and 2.2% of men will be diagnosed with this condition at some point in their
lifetime [6]. The main treatments for EDs, which are based on cognitive–behavioral therapy
(CBT), have been demonstrated to be useful in reducing symptoms [7,8]; however, these
current treatments have not always reported successful outcomes [9–12].
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A systematic review [13] reported ED remission rates between 18% and 62%. Several
individual circumstances might underlie the response to treatment in EDs, increasing the
risk of having bad treatment outcomes, resulting in low remission rates or poor adherence
to treatment [14–19]; therefore, assessing which functions act as predictors for the treatment
outcome of the ED is crucial in order to design optimized individual treatments [20–22].

Some of the most studied cognitive features in patients with EDs are their executive
function impairments in comparison to the healthy population [16,23–28]. Executive func-
tions optimize cognitive processes to solve demanding situations where instinct or intuition
is insufficient [29]. Complex cognitive processes, such as decision making, are strongly re-
lated to executive functions [30]. Decision making involves high-level processes, including
option generation, evaluation of risks and consequences, and choosing between different
possibilities in order to achieve a certain personal objective [31]. Therefore, decision-making
processes require complex high-level processing to make advantageous decisions taking
different variables into account. These processes are commonly related to prefrontal cortex
activity [32,33]. Psychiatric illnesses, such as EDs, are usually associated with significant
impairments in prefrontal, fronto-limbic, and fronto-striatal neural systems [34].

Even though each ED subtype has been related to its own specific neurocogni-
tive impairments [35], decision-making deficits have been found among all ED condi-
tions [25,27,36–40]. Patients with EDs reported poor learning during decision-making
paradigms [41,42], showing a tendency to persist in decisions/choices, despite negative
consequences. Learning deficits in the decision-making tasks of patients diagnosed with
EDs may be related to an excessive sensitivity to reward or punishment, which could
be associated with the persistence of their dysfunctional behavior [42]. Some studies
have hypothesized that in EDs, as reported in obsessive-compulsive disorders, observed
impairments in decision making may be related to biological markers [26,43]; however,
decision-making deficits in EDs do not have to be considered a completely permanent fea-
ture. Neurocognitive training on executive functions has been tested in patients with EDs,
showing improvement in cognitive flexibility, inhibitory control, and working memory [16].
Furthermore, in another study, patients with anorexia nervosa showed great improvement
in decision making after CBT treatment in patients in full remission of their ED symp-
toms but not in patients with no remission [40]. Just as patients with EDs who improve
their symptoms showed an improvement in their performance post-treatment, it could be
expected that better decision making at baseline would also predict a better treatment out-
come; however, the literature examining neurocognitive predictors of treatment outcome
in EDs is scarce [44] and there is a lack of studies focusing on neuropsychological profiles
as predictors of therapy outcome [45]. Cavedini et al. [14] observed how the function of
decision making might be linked to treatment outcomes in women with anorexia nervosa.
Still, they pointed toward the necessity of understanding which neurocognitive feature
linked to decision making can be used as a criterion for selecting the proper treatment.

Based on the facts described above, this research was designed with two aims: first,
to assess baseline learning differences related to decision-making between patients with
EDs who recovered from their symptoms and those who did not; second, to explore the
predictive capacity of impaired learning performance on therapy outcome.

According to the above-mentioned aims, we propose two hypotheses. First, if learning
decision-making skills influence treatment efficacy, EDs with bad treatment outcomes
will show impaired learning performance, even before the treatment. Second, if there
is an impaired neurocognitive functioning in ED patients with bad treatment results,
the decision-making learning skill will help discriminate between having good or bad
treatment outcomes.

2. Materials and Methods

2.1. Participants

A total of 424 participants were included in the present study: 341 women and 83 men,
with a ratio similar to recent studies [6]. The ED group contained 190 women and 43 men,

202



Nutrients 2021, 13, 2145

with a mean age of 30.52 (SD = 10.9), whereas the healthy control (HC) group (151 women
and 40 men) had a mean age of 25.65 (SD = 8.5). In terms of the highest level of education,
for the HC group, 5.8% attained a primary education, 56% attained a secondary education,
and 38.2% attained a tertiary degree. For the ED group, 35.2% attained a primary educa-
tion, 40.8% attained a secondary education, and 24% attained a tertiary degree. Table S1
(Supplementary Material) contains the sociodemographic characteristics of the groups at
baseline. To avoid potential biases in the results, all the comparisons were adjusted for the
covariates of age and education level at baseline. Patients with EDs were recruited from
the Eating Disorders Unit at Bellvitge University Hospital in Barcelona, Spain. All patients
within the ED group met the Diagnostic and Statistical Manual of Mental Disorders (DSM-5;
American Psychiatric Association, Philadelphia, PA, USA) [46] criteria for EDs, following
standardized structured interviews. The ED group was composed of 85 patients with
anorexia nervosa (AN) restrictive subtype, 41 patients with AN bulimic/purging subtype,
44 with bulimia nervosa (BN), 45 patients with binge eating disorder (BED), and 18 patients
with other specified feeding or eating disorder (OSFED). Once diagnosed, they were asked
to voluntarily participate in this study. Neuropsychological and clinical assessments were
conducted in the first week of their treatment. The exclusion criteria for the HC group were
a body mass index below 18.5 or above 25 and a lifetime history of EDs, according to a
semi-structured interview and following DSM-5 diagnostic criteria.

Data were collected between May 2008 and November 2020. All participants were
adults, received information about the procedure, and signed an informed consent form. All
procedures were approved by the Ethical Committee of the Bellvitge University Hospital
in accordance with the Helsinki Declaration of 1975 as revised in 1983.

2.2. Procedure

Participants completed a computerized version of the Iowa Gambling Task (IGT) [47].
Additionally, the patients’ psychopathology symptoms were evaluated via the Spanish
version of the Symptom Checklist-Revised (SCL-90-R) [48], and their ED symptoms were
assessed with the Spanish version of the Eating Disorders Inventory-2 (EDI-2) [49]. All
these evaluations were conducted prior to the psychological treatment.

2.2.1. Decision-Making Assessment

The computerized version of the IGT was used to assess decision-making processes [50].
This task consists of 100 trials in which the participants must draw a card from one of
the four presented decks (A, B, C, and D). Each card represents a monetary gain but can
also result in monetary loss. There are two advantageous decks and two disadvantageous
ones. The first ones produce less monetary incomes but with an overall gain, whereas
the second presents larger gain amounts and an overall monetary loss. The participant
has to gain as much as possible by the end of the task. It is subdivided into five blocks of
twenty trials performed consecutively. The first blocks allow measuring decision making
under ambiguity, whereas in the last blocks, the task switches to decision making under
risk because the rules may have been figured out [51].

The test score for each block (IGT-1, 2, 3, 4, and 5) is calculated by subtracting the num-
ber of choices from disadvantageous decks to the number of choices from advantageous
decks draws. The total task score (IGT-Total) is calculated by adding the scores of the five
blocks. The task also allows us to calculate a learning score (IGT-Learning) and a risk score
(IGT-Risk) [42]. IGT-Learning is calculated with the difference between the scores of the
two first blocks and the two last ones. This approach/procedure allows us to assess the
differences between the first and final blocks. The first blocks are assessed because the
participant has not learned which decks are advantageous and disadvantageous; the last
blocks are assessed because the experience gained through the trial can produce changes in
choice patterns. Furthermore, IGT-Risk considers only the scores from the two last blocks,
where a participant could have already detected which decks involve a risky choice.
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2.2.2. Treatment

As described elsewhere [9,52], patients diagnosed with AN attended a day hospi-
tal treatment program, including CBT group therapy sessions, lasting 90 min each, for
15 weeks. Treatment for the other ED diagnosis (BN, BED, and OSFED) consisted of
16 weekly outpatients CBT group therapy sessions, lasting 90 min each. Patients were
re-evaluated at discharge and categorized as either in full remission (i.e., total absence
of symptoms meeting criteria for at least 4 weeks), partial remission (i.e., a substantial
symptomatic improvement but with residual symptoms), and non-remission. These cate-
gories were previously used as the threshold to assess treatment outcomes in patients with
EDs [9,19,52]. The treatment outcomes categories were based on the judgments of senior
clinical staff considering normalization of nutritional dietary patterns, frequency of binge
episodes and compensatory behaviors, weight restoration, and improvement in attitudes
regarding weight and shape. Voluntary treatment discontinuation was categorized as
dropout (i.e., not attending treatment for at least three consecutive sessions). Patients were
subdivided into two groups depending on their treatment outcome. Those who showed
full or partial remission of their symptoms were included in the good outcome group
(n = 166; 71.2%), and those who did not show remission or abandoned the treatment were
included in the bad outcome group (n = 67; 28.8%). The treatment results obtained were
similar to those reported previously [53].

2.3. Data Analysis

Statistical analysis was done with Stata16 for windows (College Station, TX, USA).
The association between the baseline measures with the CBT efficiency (bad versus good
outcome) was based on the chi-square test (χ2) for categorical measures and analysis of
variance (ANOVA) for quantitative measures. An increase in the Type-I error due to the
multiple significance tests was based on the Finner method [54], which is a family-wise
procedure that has proved more powerful than the standard Bonferroni correction.

The comparison of the learning curves in the IGT was based on 3 × 5 mixed ANOVA
(adjusted by the participants’ age and education level), which is defined as the between-
subjects factor of the group (bad CBT outcome, good CBT outcome, and control condition)
and as the within-subjects factor for the score in each block. Polynomial contrasts for the
within-subject factor assessed linear, quadratic, cubic, and quartic trends in the learning
curves. Comparing the IGT-Learning score between the three groups was also based on
analysis of variance, which was adjusted by age and education (ANCOVA).

The discriminative capacity of the IGT-Learning score to discriminate between good
versus bad outcomes in the CBT was based on Receiver Operating Characteristics (ROC)
analysis. This methodology is used in clinical areas to obtain the optimal cut-off in measure-
ment tools using an external reference criterion. In this work, ROC analysis was applied
within the ED subsample to obtain the best cut-off in the IGT index to discriminate between
patients with bad versus good CBT outcomes. Since selecting the optimal cut-off depends
on the prevalence of the criteria and the costs/risks of false classifications [55], the analysis
was performed considering a distribution for the CBT outcome equal to the sample and a
cost for a false negative double compared to the cost for a false positive.

Logistic regression valued the capacity of the optimal cut-off point in the IGT-Learning
global measure to differentiate between bad and good outcomes. Goodness-of-fit was
assessed with the Hosmer and Lemeshow test.

In this study, the effect size was based on the eta-squared coefficient (η2) for quan-
titative measures (values of 0.06, 0.10, and 0.25 were interpreted as low–poor, moderate–
medium, and large–high effect size) [56], and in Cramer’s-V coefficient for categorical
(values of 0.10, 0.30, and 0.50 were interpreted as low–poor, moderate–medium, and
large–high effect size) [57].
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3. Results

3.1. Comparison of the IGT Measures between the Groups

Table 1 contains the results obtained in the mixed ANOVA (adjusted by age and
education) comparing the proficiency in the IGT between the groups (see also the first panel
in Figure 1). The interaction of the within- and between-subjects factors was statistically
significant (F = 4.09, p < 0.001, η2 = 0.019), indicating that the learning curves had a
specific shape depending on the group. No statistically significant differences between the
blocks were found among patients in the bad outcome group (F = 1.63, p = 0.166, η2 = 0.015),
suggesting the absence of a learning curve. Within patients with a good outcome, significant
linear (F = 23.3, p < 0.001, η2 = 0.124) and quadratic (F = 6.49, p = 0.012, η2 = 0.038) trends
appeared: increasing means with blocks were registered (from −2.4 in block 1 to 1.2 in
block 5), the difference being lower comparing blocks 4 versus 5 (1.23 versus 1.21). The
same pattern was obtained in the control group: significant linear (F = 79.71, p < 0.001,
η2 = 0.296) and quadratic (F = 27.99, p < 0.001, η2 = 0.128) trends.

Table 1. Performance learning curves in the Iowa Gambling Task (2 × 5 ANOVA adjusted by age and education).

IGT Raw Scores

Block 1 Block 2 Block 3 Block 4 Block 5

Group (outcome) Mean SD Mean SD Mean SD Mean SD Mean SD
Bad (n = 67) −2.45 3.85 −0.05 4.28 −0.87 5.82 −0.32 7.78 −0.41 7.64
Good (n = 166) −2.38 4.66 −0.61 5.53 0.24 5.87 1.23 7.42 1.21 8.45
Control (n = 191) −1.72 5.92 2.22 7.06 4.68 8.35 5.32 9.03 4.93 9.90

Multivariate tests F df p η2

Int. BxG 4.09 8; 419 0.001 * 0.019
Block 0.80 4; 419 0.401 0.002
Group 22.34 2; 419 0.001 * 0.096

Factor Block
Within Group F p η2

Bad 1.63 0.166 0.015
Good 6.51 0.001 * 0.059
Control 30.89 0.001 * 0.229

Polynomial
contrast for Block

Linear (order 1) Quadratic (order 2) Cubic (order 3) Quartic (order 4)
F p η2 F p η2 F p η2 F p η2

Group: bad 1.14 0.289 0.017 3.94 0.051 0.056 1.20 0.277 0.018 1.73 0.193 0.026
Group: good 23.32 0.001 * 0.124 6.49 0.012 * 0.038 0.15 0.701 0.001 1.02 0.314 0.006
Group: control 79.71 0.001 * 0.296 27.99 0.001 * 0.128 0.55 0.457 0.003 0.53 0.468 0.003

Note. SD: standard deviation; * Bold: significant comparison (0.05 level); η2: partial eta-squared.
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Figure 1. Iowa Gambling Task (IGT) performance–learning curves (left) and IGT global scores by group (right). Note.
Sample size n = 424. SE: standard error.

Table 2 contains the results of the ANCOVA (adjusted by age and education) com-
paring the IGT-Learning score between the groups (see the second panel in Figure 1).
Statistical differences between the groups appeared (F = 7.14, p < 0.001, η2 = 0.124). Pair-
wise comparisons (contrasts between the groups) also achieved differences between all the
groups.

Table 2. Comparison of the IGT learning global score: ANCOVA adjusted by age and education.

Bad Outcome Good Outcome Control

Descriptives Mean SD Mean SD Mean SD
1.77 14.04 5.42 13.15 9.75 16.67

Factor group F df p η2

7.14 2; 423 0.001 * 0.033

Pairwise comparisons F p η2

Bad vs. good 4.84 0.043 * 0.014
Bad vs. control 12.93 0.001 * 0.030
Good vs. control 6.44 0.012 * 0.015

Note. SD: standard deviation; * Bold: significant comparison (0.05 level); η2: partial eta-squared.

3.2. Discriminative Capacity of the IGT-Learning Score

Figure 2 contains the results of the ROC analysis obtained in the ED subsample. The
optimal cut-off point in the IGT-Learning index to discriminate between good and bad
CBT outcomes was 2, which achieved a sensitivity (Se), or true positive rate, of 64.2% and a
specificity (SP), or true negative rate, equal to 54.8%.

Figure 3 shows the percentage of patients with a poor performance in the IGT in
each group (based on the classification obtained for the cut-off = 2 in the global learning
measure). The logistic regression (adjusted by age and education) valuing this cut-off’s
capacity for differentiating between the two groups achieved a significant parameter for
differentiating between bad versus good groups (B = 0.754, SE = 0.301, OR = 2.12, p = 0.012).
Goodness-of-fit was achieved (Hosmer and Lemeshow test: χ2 = 5.95, df = 8, p = 0.653).
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Figure 2. Valuation of the IGT-Learning raw score to predict the treatment outcome. Note. Results obtained for the ED
subsample (n = 233).

Figure 3. Capacity of the IGT-Learning score to predict the treatment outcome. Each bar represents
the percentage of participants with poor IGT-Learning in each group with a cut-off point equal to 2.
Note. Results obtained for the ED subsample (n = 233).

3.3. Variables Associated with the CBT Outcome

Table 3 contains the comparison between patients classified according to the CBT
outcome (bad versus good) at baseline. No differences were found between groups in any
of the variables.
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Table 3. Association between baseline measures with the cognitive–behavioral therapy outcome.

Bad Outcome
(n = 67)

Good Outcome
(n = 166)

Sex
n % n % p V

Women 59 88.1% 131 78.9% 0.103 0.202
Men 8 11.9% 35 21.1%

Mean SD Mean SD p η2

Chronological age (years-old) 28.99 9.50 31.13 11.39 0.174 0.008
Duration of disorder (years) 9.57 8.36 7.79 8.65 0.152 0.009

EDI-2: Drive for thinness 11.78 7.14 11.71 6.45 0.946 0.001
EDI-2: Body dissatisfaction 15.22 8.17 14.74 8.84 0.700 0.001
EDI-2: Interoceptive awareness 10.39 6.59 9.73 6.89 0.504 0.002
EDI-2: Bulimia 6.28 5.85 5.41 5.34 0.273 0.005
EDI-2: Interpersonal distrust 5.39 4.61 5.74 5.23 0.630 0.001
EDI-2: Ineffectiveness 10.84 7.08 9.40 7.24 0.169 0.008
EDI-2: Maturity fears 8.37 6.09 7.48 5.19 0.257 0.006
EDI-2: Perfectionism 6.07 4.89 5.05 4.08 0.103 0.011
EDI-2: Impulse regulation 5.43 5.30 5.36 5.81 0.925 0.001
EDI-2: Ascetic 6.70 4.24 6.05 4.25 0.289 0.005
EDI-2: Social insecurity 7.00 4.66 6.90 5.57 0.901 0.001
EDI-2: Total score 93.48 46.79 87.56 45.95 0.377 0.003

SCL-90R: Somatization 1.78 1.02 1.60 0.90 0.198 0.007
SCL-90R: Obsessive/compulsive 1.78 0.97 1.73 0.92 0.734 0.001
SCL-90R: Interpersonal sensitivity 1.90 0.99 1.88 1.00 0.848 0.001
SCL-90R: Depressive 2.25 0.98 2.06 0.99 0.196 0.007
SCL-90R: Anxiety 1.63 0.91 1.46 0.91 0.194 0.007
SCL-90R: Hostility 1.17 0.88 1.19 0.90 0.898 0.001
SCL-90R: Phobic anxiety 0.84 0.86 0.88 0.91 0.736 0.001
SCL-90R: Paranoid Ideation 1.43 0.89 1.28 0.84 0.253 0.006
SCL-90R: Psychotic 1.36 0.82 1.17 0.72 0.081 0.013
SCL-90R: GSI score 1.69 0.78 1.58 0.78 0.300 0.005
SCL-90R: PST score 61.43 19.63 60.36 18.86 0.697 0.001
SCL-90R: PSDI score 2.35 0.59 2.22 0.61 0.127 0.010

Note. EDI-2: V: Cramer’s-V. η2: partial eta-squared. Eating Disorders Inventory-2 [49]. SCL-90R: Symptom Checklist—Revised [48]. GSI:
Global Severity Index. PST: Positive Symptom Total. PSDI: Positive Symptom Distress Index.

4. Discussion

We examined baseline differences in decision making in patients with EDs, differen-
tiating between those who improved vs. those who did not after CBT, and analyzed its
therapy outcome predicting value. As the first objective, our study addressed whether
ED patients with different outcomes present learning differences related to decision mak-
ing before the treatment. This study’s main results showed how both the patients with
good outcomes and the healthy control group showed a learning curve through the IGT
task; however, the bad outcome group was the only group that did not show progres-
sion across the blocks. Based on these results, the first hypothesis is verified, as different
outcomes present differences in learning, even before the intervention. The second main
finding was that the IGT-Learning score predicted treatment outcome. These findings
support our second hypothesis, as the capacity of learning through a decision-making task
seems to discriminate between having a successful or a bad treatment outcome. There
would be a chance that these learning deficits were related to higher depressive symptoms;
nevertheless, there were no observed differences in depression between ED groups.

These results fit not only with previous studies that point toward decision-making
deficits in patients with EDs [25,27,36,38–40] but also with the ones that report how individ-
ual differences correlate with distinct treatment outcomes [9,15–19]. Regarding a previous
study that presented decision making as a predictor of treatment outcome in EDs [14], our
study reported its predictive value using a bigger sample, with patients of both sexes and

208



Nutrients 2021, 13, 2145

with different EDs subtypes. In addition, among the neuropsychological variables that dis-
criminate between the treatment results, the learning skills showed differences depending
on therapy outcomes and are good predictors of the treatment result. It is noteworthy to
mention that patients with EDs who had a poor treatment outcome did not show changes
in their answers across the IGT blocks; this could mean that perhaps they neither changed
their behavior due to immediate rewards (as in disadvantageous decks) nor to delayed
recompenses (as in advantageous decks) [36]. According to Hiroto and Seligman [58],
this lack of change is probably related to learned helplessness, and therefore, they may
not feel capable of changing the result of the task through their decisions. This behavior
could explain why they do not believe in the possibility of improving their symptoms with
psychological intervention, leading to poor treatment efficacy and less treatment adherence.
Steward et al. [40] reported how patients with EDs who recover from their symptoms
also improve their performance in decision-making tasks; therefore, they enhance their
learning skills. If that is true, a potential treatment effect would be a patient believing in
their ability to change negative situations via their actions and decisions. There were no
observed differences in ED symptoms nor in general psychopathology, so, in this sample,
the different treatment outcomes do not seem to be directly related to these parameters.

Previous research showed how patients with EDs tend to report high levels of sen-
sitivity to punishment [42,59,60]; however, in our study, some of them still did not seem
to learn from the negative feedback; this may be due to the fact that despite stimuli pro-
ducing a great emotional impact, those patients do not change their behavior because they
do not believe they can change situations via their decisions. The main characteristic of
learned helplessness is that it highly correlates with depressive states [61,62]. Nevertheless,
regarding our results, these learning impairments would be related to a worse treatment
outcome independently from the depressive symptoms. The patients with EDs who show
impaired learning behaviors and tend to have negative treatment outcomes would need to
change their belief in the possibility of improving their symptoms; therefore, individualized
treatments for those patients will require focusing on improving their locus of control.

Our study has certain limitations, and the results and conclusions of our study must
take these into account. First, using a neuropsychological task such as the IGT may not be
practical for the clinical assessment; it would be necessary to design more accessible tools
to assess these impairments. Second, our sample size was limited to test the predictive
role of IGT performance across ED subtypes. Therefore, inferences emerging from these
results must be interpreted with caution considering no discrimination by ED diagnosis.
Future studies with larger samples could elucidate the predictive role of decision-making
learning in each ED subtype. Third, as seen in other psychological disorders, impaired
motivation may influence the performance in cognitive tasks [63]. Future research should
include some motivational measure to assess this effect. Fourth, it will still be necessary to
evaluate whether there are differences between those patients who do not recover from
their symptoms and those that show poor treatment adherence. This study presents an
understanding of how neurocognitive deficits may underlie possible treatment outcomes
in ED. Future studies should consider our results to develop individualized treatments so
that patients with different features and symptoms can benefit from the treatment.

5. Conclusions

In sum, our results show how ED treatment outcomes could be related to cognitive
functioning even before the treatment, as patients with different outcomes seem to present
different learning skills related to decision making. This learning skill also demonstrated a
predictive value for the treatment outcome, possibly indicating that patients who do not
change their behavior despite its consequences tend to present greater difficulties with
the treatment. It may indicate that these patients show a lack of belief in changing their
situation through their behavior. These results point toward the importance of taking into
account neuropsychological variables to develop and apply individualized treatments that
successfully deal with EDs.
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Abstract: Anorexia nervosa (AN) is characterised by disrupted and restrictive eating patterns. Recent
investigations and meta-analyses have found altered concentrations of inflammatory markers in
people with current AN. We aimed to assess nutrient intake in participants with current or recovered
AN, as compared to healthy individuals, and explore group differences in dietary inflammatory
potential as a possible explanation for the observed alterations in inflammatory markers. We recruited
participants with current AN (n = 51), those recovered from AN (n = 23), and healthy controls
(n = 49). We used the Food Frequency Questionnaire (FFQ), to calculate a Dietary Inflammatory
Index (DII®) score and collected blood samples to measure serum concentrations of inflammatory
markers. In current AN participants, we found lower intake of cholesterol, compared to HCs,
and lower consumption of zinc and protein, compared to HC and recovered AN participants. A
one-way ANOVA revealed no significant group differences in DII score. Multivariable regression
analyses showed that DII scores were significantly associated with tumour necrosis factor (TNF)-α
concentrations in our current AN sample. Our findings on nutrient intake are partially consistent
with previous research. The lack of group differences in DII score, perhaps suggests that diet is not a
key contributor to altered inflammatory marker concentrations in current and recovered AN. Future
research would benefit from including larger samples and using multiple 24-h dietary recalls to
assess dietary intake.

Keywords: anorexia nervosa; dietary inflammatory index; food frequency questionnaire; inflamma-
tion; nutrient intake

1. Introduction

Anorexia Nervosa (AN) is a severe psychiatric disorder characterised by low body
weight, restrictive eating patterns, and body image disturbances. It has one of the high-
est standardised mortality [1,2] and relapse rates [3] of all psychiatric disorders and is
frequently chronic in nature [4]. The underlying pathophysiology of AN is still poorly
understood and research regarding its aetiology is ongoing. Meta-analyses have reported
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alterations in the immunological profile of AN patients, specifically increased concentra-
tions of pro-inflammatory cytokines, which have been suggested as a potential contributing
factor to the development and maintenance of the disorder [5,6].

Patients with AN lose weight through limiting their caloric intake and, for some, exces-
sive physical exercise. Importantly, aside from the significantly reduced calorie intake, the
macronutrient composition of their diets differs significantly from that of lean and healthy,
or normal-weight people [7]. Research has shown that people with AN consume less fat,
protein, and carbohydrates, but more fibre than their healthy peers [8,9]. Furthermore, it
has been reported that even after treatment and weight restoration, recovered AN patients
continue to exhibit suboptimal dietary intake of micronutrients and vitamins [10], as well
as limited food variety [11].

Diet plays an important role in the regulation of inflammation [12] and associa-
tions between dietary patterns and inflammatory status have been reported [13]. For
example, intake of dietary fibre has been associated with lower C-reactive protein (CRP),
whereas consumption of saturated fatty acids has been associated with higher CRP
concentrations [14,15]. It is widely accepted that the Mediterranean diet, which is generally
plant-based and high in fibre and low in saturated fats, has anti-inflammatory effects and
confers overall lower health risks as compared to a Western-style diet [16,17]. It also is recog-
nised that poor nutrition significantly impacts immune function with many micronutrient
deficiencies conveying profound alterations in the regulation of the immune system [18,19].

Given their highly disordered eating patterns and nutrition intake, AN patients often
present with nutrient deficiencies [20]. For example, zinc deficiency has been consistently
observed in AN patients and this deficiency has been associated with severe immune
dysfunction, mainly affecting T-helper cells and delaying wound healing [21–23]. Another
important nutrient is cholesterol: hypercholesterolaemia, which has been extensively
studied in the context of cardiovascular disease, is frequently exhibited in people with
AN and has wide ranging effects, including promoting inflammatory processes and the
production of monocytes and neutrophils [24]. Crucially, sterols bind directly to several
immune receptors, regulating cytokine expression [25]. It is possible, therefore, that the
immunological alterations seen in AN patients could result in part from their disordered
eating and patterns of nutrient intake.

In the last decade, there has been significant interest in the role of the immune system,
particularly the role of cytokines in psychiatric disorders, including depression [26–31],
anxiety [32–34], and post-traumatic disorder [35–37], all of which frequently co-occur with
AN. Cytokines are small messenger molecules of the immune system involved in autocrine,
paracrine, and endocrine signalling as well as brain functioning [38]. They are produced by
a variety of cells including macrophages, as well as astrocytes and microglia [26] and have
been shown to access the brain via humoral, neural, and cellular pathways [38]. In addition,
they have been shown to play a role in appetite and feeding regulation via their influence
on metabolic pathways and neurotransmitter signal transduction, as well as through
modulating the hypothalamus-pituitary-adrenal (HPA) axis (see Himmerich et al. [29] for
a review). Recent research has reported altered cytokine concentrations in AN patients
compared to healthy comparison groups [39,40]. Additionally, when comparing people
with current AN to those recovered from AN, significant differences in concentrations of
several inflammatory markers have been reported, suggesting that some inflammatory
markers could be state markers of the disorder and others trait markers of AN [41,42].

Given the evidence of cytokine alterations in AN, the reported effects of diet on
inflammatory status and vice versa, and the disordered eating patterns of people with
AN, we hypothesized that the documented altered inflammatory profile could result, at
least partly, from their diet. Hence, primarily, we sought to compare the nutrient intakes
of AN participants to people recovered from AN (recAN) and healthy controls (HC), and
determine whether these groups differed in the inflammatory potential of their diet, using
the Dietary Inflammatory Index (DII®) [43]. In addition, we explored the associations
between DII scores and cytokine concentrations in participants with AN, recAN, and HC.
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2. Materials and Methods

2.1. Participants

All participants were females over the age of 18 years. AN participants were required
to have a current primary diagnosis of AN, according to the Diagnostic and Statistical
Manual of Mental Disorders (DSM)-5 [44], and a body mass index (BMI) < 18.5 kg/m2.
For the recAN group, participants had to (i) have previously met AN diagnostic criteria
based on the DSM-IV, (ii) have maintained a BMI > 18.5 kg/m2 for at least 6 months
prior to the study, (iii) menstruate, and (iv) have not binged, purged, or engaged in
significant restrictive eating patterns for the last 3 months. Having previous alternative
eating disorders diagnoses was not an exclusion criterion. AN and recAN participants
were recruited via Specialist Eating Disorder Services in South London and Maudsley NHS
Foundation Trust, online and poster advertisements at King’s College London (KCL), the
Beat eating disorder charity’s research recruitment webpages, and through participation
in other research projects. HCs were required to be of a healthy BMI (18.5–24.5 kg/m2)
without a history of or current mental health condition, including eating disorders (EDs),
and were recruited via an e-mail circular to students and staff at KCL and through online
and poster advertisements. Exclusion criteria for all participants were current pregnancy
and the presence of acute or chronic inflammatory conditions e.g., asthma, psoriasis,
Crohn’s Disease, inflammatory bowel disease, arthritis.

Group classification (current AN, recAN or HC) was established using self-report
and further assessed via a telephone screening. Screening questionnaires included the
Eating Disorder Diagnostic Scale (EDDS) [45] to assess the presence of ED symptoms, and
a brief inclusion/exclusion screen specific to this study, which included an assessment of
physical health conditions. HC participants additionally completed the research version of
the Structured Clinical Interview for DSM-IV Axis I Disorders [46] to assess the presence of
current or past psychiatric disorders.

2.2. Measures
2.2.1. Food Frequency Questionnaire

We used the European Prospective Investigation of Cancer Study (EPIC)-Norfolk Food
Frequency Questionnaire (EPIC-Norfolk FFQ) [47] to collect information on the average
intake (e.g., frequency, portion size) of foods and beverages during the previous year. The
EPIC-Norfolk FFQ [47,48] is a semi-quantitative self-report questionnaire and requests in-
formation on 290 foods. The food list in the EPIC-Norfolk FFQ is based on items from an
FFQ widely used in the US [47,49], but it was modified to reflect differences in American
versus UK food items and brand names. The questionnaire consists of two parts. Part 1
is a food list of 130 lines and the lines are either individual foods, combinations of indi-
vidual foods or food types. Each line also has a portion size attached to it, which is a
medium serving, standard unit or household measure. Respondents select an appropriate
frequency of consumption for their average intake over the last year for each line. They can
select from nine frequency categories ranging from “Never or less than once a month” to
“6+ per day”. Part 2 consists of several questions that ask for more detailed information about
certain food lines in Part 1 (e.g., breakfast cereals). The EPIC-Norfolk FFQ has been widely
used to assess dietary intake in large populations [48] and extensively validated [48,50].

We used the FFQ EPIC Tool for Analysis (FETA), an open source, cross-platform soft-
ware tool, to convert EPIC-Norfolk FFQ data into nutrient and food group values [51]. Data
were entered into a purposively designed comma-separated data input file following cod-
ing instructions (http://www.srl.cam.ac.uk/epic/epicffq/websitedocumentation.shtml)
(accessed on 10 February 2020), which we then uploaded to FETA. The output from FETA
provides an average daily nutrient and food group intake for an individual from all FFQ
foods consumed; specifically, intake data for 46 nutrients and 14 basic food groups. This
software produces similar nutrient and food group values to a previously validated, but
less accessible tool (Compositional Analyses from Frequency Estimates (CAFÉ)) designed
for converting EPIC-Norfolk FFQ data [52].
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2.2.2. Dietary Inflammatory Index

We used the data from the EPIC-Norfolk FFQ, as calculated by FETA, to calculate the
Dietary Inflammatory Index (DII) [43]. The DII is literature-derived, using a large-scale
meta-analytic strategy to compute averaged inflammatory/anti-inflammatory effects for
individual nutrient parameters that have sufficient evidence to capture their effect on
inflammatory markers. The DII has been validated against several peripheral markers of
inflammation, including interleukin (IL)-6 [53,54] and tumour necrosis factor (TNF)-α [55].

In the current study, the following 25 food and nutrient parameters were used: alcohol,
β-carotene, total carbohydrate, cholesterol, fibre, iron, folate, energy, magnesium, niacin
(vitamin B3), total protein, retinol (vitamin A), riboflavin (vitamin B2), selenium, thiamine
(vitamin B1), vitamin B12, vitamin B6, vitamin C, vitamin D, vitamin E, total fat, MUFA,
PUFA, and SFA. For full details, on the steps to calculate the DII® [43], see Shivappa
et al. [43]. Briefly, values of the nutrients listed above are standardised into a z score by
subtracting the mean from the global database and dividing this by the standard deviation
from the global database (global daily mean intakes and standard deviations listed in
Shivappa et al. [43] for each nutrient). To minimise the effect of ‘right skewing’ this value is
converted into a percentile score. To achieve a symmetrical distribution with values centred
on 0 (null) and bounded between −1 (maximally anti-inflammatory) and +1 (maximally
pro-inflammatory), each percentile score is then doubled and ‘1’ is subtracted. The centred
percentile value for each food parameter is then multiplied by its respective ‘overall food
parameter-specific inflammatory effect score’, listed in Shivappa et al. [43], to obtain the
‘food parameter-specific DII score’. Finally, all of the ‘food parameter-specific DII scores’
for the available nutrients are summed to create the ‘overall DII score’ for an individual.
A higher DII score indicates greater inflammatory potential of an individual’s diet. The
DII score could range from +7.98 (maximally pro-inflammatory) to −8.87 (maximally anti-
inflammatory) when calculated from all 45 food parameters for which the creators of the
DII calculated an inflammatory score [56].

2.2.3. Blood Sampling and Inflammatory Marker Quantification

To quantify inflammatory marker concentrations, blood samples were collected by
trained phlebotomists. Serum was separated by centrifugation and stored at −80 ◦C prior
to use. All samples were anonymised and stored under secure conditions. Serum was
thawed at room temperature for use. The concentrations of 36 cytokines were quantified
simultaneously using multiplex ELISA-based technology provided by the Meso Scale
Discovery V-PLEX Plus Human Biomarker 36-Plex Kit, following the manufacturer’s
instructions (Meso Scale Discovery, Rockville, MD, USA). Seven-point standard curves
were run in duplicate on each plate to calculate absolute pg/mL values of cytokines for
the samples assayed. Cases and controls were randomised across the plate. Plates were
scanned on the Meso Scale Discovery MESO Quickplex SQ 120 reader at the Social, Genetic
& Developmental Psychiatry Centre, Institute of Psychiatry, Psychology & Neuroscience,
King’s College London. For the purpose of the current study, only data on IL-6, IL-10, and
TNF-α were used as the DII has been previously validated against these inflammatory
markers and they were available on the assay. For the results on group differences for the
36 inflammatory markers measured, see Keeler et al. [42].

2.3. Procedure

Eligible participants attended a single research session at the Institute of Psychiatry,
Psychology & Neuroscience at King’s College London, lasting no longer than 1 and a half
hours. After having their blood collected, participants had their height and body weight
measured, from which BMI (kg/m2) was calculated, and body composition was assessed
using a portable and non-invasive Inbody S10 machine, Biospace Co., Ltd. Participants
then completed a questionnaire pack, including questions on demographic characteristics,
clinical characteristics for AN and recAN participants, and the EPIC-Norfolk FFQ. Partici-
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pants also completed questionnaires on mental health, data for which have been presented
elsewhere [42] and will not be included in the present study.

2.4. Statistical Analysis

All statistical analyses were performed in SPSS [57]. For normally distributed data,
means and standard deviations are presented, and for non-normally distributed data, me-
dian and interquartile ranges (25th and 75th percentile) are provided. One-way ANOVAs
were used to assess group differences in demographic characteristics and nutrient values.
For significant results, post-hoc analyses were performed to determine specific group dif-
ferences. Post-hoc analyses were adjusted for multiple comparisons using the Bonferroni
correction. Multivariable regression analyses were performed to assess the association
between DII scores and inflammatory marker concentrations.

3. Results

3.1. Participants

A total of 133 participants were recruited. Data from 10 participants were excluded
from the analyses for the following reasons: four HCs and one recAN participant were
not within the required BMI range, two HCs reported regular recreational drug use, two
HCs did not provide FFQ data, and one HC had tonsillitis in the previous week. Therefore,
data on nutrient intake were available for a total of 123 participants. Table 1 summarises
participant demographic and clinical characteristics.

Table 1. Participant demographic and clinical characteristics with group comparisons.

HC
n = 49

AN
n = 51

RecAN
n = 23

Group Comparisons

Demographic characteristics

Age [years] [median (IQR a)] 22.5 (20.3, 25.8) 24 (21.0, 30.0) 24 (21.0, 30.0) H (2) = 4.003
p = 0.135

Ethnicity [Caucasian/BAME] [n] 25/24 45/6 22/1 F (2) = 5.96
p = 0.003

Current smoker [n] 7 8 3 F (2) = 0.068
p = 0.93

BMI [kg/m2] [median (IQR a)] 21.0 (19.6, 22.5) 16.1 (15.1, 17.0) 20.7 (19.6, 21.3) H (2) = 84.121
p < 0.001

Body fat [%] [mean ± SD] 23.9 ± 5.2 12.0 ± 5.2 22.3 ± 6.3 F (2) = 69.33
p < 0.001

Clinical characteristics

AN subtype [AN-R/AN-BP] [n] 45/6
Current treatment

[none/outpatient/inpatient] [n] 20/30/1

Disease Duration [years] 5.57

Current antidepressant use [n] 0 21 6 F (2) = 13.88
p < 0.001

Current antipsychotic use [n] 0 6 2 F (2) = 3.21
p = 0.04

Statistically significant group comparisons at p < 0.05 are highlighted in bold. a 25th and 75th percentile reported. Abbreviations:
HC = healthy controls; AN = anorexia nervosa; recAN = recovered anorexia nervosa; IQR = interquartile range; BAME = Black, Asian, and
minority ethnic; n = number of observations; BMI = body mass index; AN-R = anorexia nervosa restricting type; AN-BP = anorexia nervosa
binge-eating/purging type.

3.2. Nutrient Intake

Table 2 presents nutrient intake of 25 micronutrients and macronutrients (as re-
ported in the FFQ) with group comparisons. One-way ANOVAs and post-hoc pairwise
comparisons revealed group differences for cholesterol, monounsaturated fats (MUFA),
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polyunsaturated fats (PUFA), total protein, and zinc (Table 2). Both current AN and re-
cAN participants had significantly lower intake of cholesterol than HCs (p = 0.001 and
p = 0.028 respectively); AN participants reported lower protein (p = 0.033) and zinc
(p = 0.015) intake than HCs, and lower MUFA and PUFA intake than recAN (p = 0.030 and
p = 0.050, respectively).

Table 2. Between groups comparisons of individual nutrient and food component intake.

Nutrient
AN [SD]
(n = 51)

RecAN [SD]
(n = 23)

HC [SD]
(n = 49)

Group
Comparison

Post-Hoc Pairwise
Comparison

Alcohol [g] 2.22 [4.35] 4.85 [7.05] 3.13 [3.37] F (2) = 2.561
p = 0.081

HC—AN: p = 0.978
HC—RecAN: p = 0.436
AN—RecAN: p = 0.077

β-carotene [μg] 5239.39 [4561.55] 5701.02 [4846.22] 4387.41 [3068.63] F (2) = 0.973
p = 0.381

HC—AN: p = 0.900
HC—RecAN: p = 0.619
AN—RecAN: p = 1.000

Total carbohydrate [g] 204.37 [108.67] 232.42 [99.08] 218.22 [118.02] F (2) = 0.539
p = 0.585

HC—AN: p = 1.000
HC—RecAN: p = 1.000
AN—RecAN: p = 0.947

Cholesterol [mg] 168.56 [132.23] 181.90 [139.96] 294.07 [208.61] F (2) = 7.72
p = 0.001

HC—AN: p = 0.001
HC—RecAN: 0.028

AN—RecAN: p = 1.000

Energy [kcal] 1553.64 [739.79] 1928.31 [875.55] 1823.68 [950.70] F (2) = 2.0
p = 0.140

HC—AN: p = 0.350
HC—RecAN: p = 1.000
AN—RecAN: p = 0.250

Total fat [g] 57.43 [35.27] 81.07 [44.25] 72.16 [41.05] F (2) = 3.375
p = 0.038

HC—AN: p = 0.192
HC—RecAN: p = 1.000
AN—RecAN: p = 0.055

Folate [μg] 323.52 [183.11] 375.31 [209.03] 310.05 [151.86] F (2) = 1.094
p = 0.338

HC—AN: p = 1.000
HC—RecAN: p = 0.440
AN—RecAN: p = 0.736

Englyst fibre [g] 20.40 [11.41] 23.28 [13.94] 18.80 [10.47] F (2) = 1.176
p = 0.312

HC—AN: p = 1.000
HC—RecAN: p = 0.385
AN—RecAN: p = 0.973

Iron [mg] 10.86 [5.21] 13.22 [6.54] 11.93 [5.90] F (2) = 1.380
p = 0.256

HC—AN: p = 1.000
HC—RecAN: p = 1.000
AN—RecAN: p = 0.316

Magnesium [mg] 319.62 [129.58] 388.72 [202.81] 337.13 [170.24] F (2) = 1.457
p = 0.237

HC—AN: p = 1.000
HC—RecAN: p = 0.627
AN—RecAN: p = 0.274

Monounsaturated fat [g] 21.03 [12.46] 30.93 [18.35] 27.75 [15.87] F (2) = 4.279
p = 0.016

HC—AN: p = 0.083
HC—RecAN: p = 1.000
AN—RecAN: p = 0.030

Niacin (vitamin B3) [mg] 20.51 [10.60] 22.32 [11.79] 21.97 [11.63] F (2) = 0.299
p = 0.742

HC—AN: p = 1.000
HC—RecAN: p = 1.000
AN—RecAN: p = 1.000

Total protein [g] 63.91 [31.43] 73.61 [34.67] 83.85 [46.41] F (2) = 3.325
p = 0.039

HC—AN: p = 0.033
HC—RecAN: p = 0.890
AN—RecAN: p = 0.959

Polyunsaturated fat [g] 11.91 [7.34] 17.01 [10.88] 13.22 [8.01] F (2) = 2.965
p = 0.055

HC—AN: p = 1.000
HC—RecAN: p = 0.227
AN—RecAN: p = 0.050

Riboflavin (vitamin B2) [mg] 1.87 [1.12] 1.97 [1.06] 1.82 [0.91] F (2) = 0.174
p = 0.841

HC—AN: p = 1.000
HC—RecAN: p = 1.000
AN—RecAN: p = 1.000

Saturated fatty acids [g] 19.54 [14.91] 26.64 [16.07] 24.87 [15.50] F (2) = 2.302
p = 0.104

HC—AN: p = 0.256
HC—RecAN: p = 1.000
AN—RecAN: p = 0.205

Selenium [μg] 50.83 [30.96] 54.35 [27.31] 63.16 [34.12] F (2) = 1.954
p = 0.146

HC—AN: p = 0.162
HC—RecAN: p = 0.819
AN—RecAN: p = 1.000

Thiamin (Vitamin B1) [mg] 1.51 [0.81] 1.94 [1.11] 1.59 [0.82] F (2) = 1.957
p = 0.146

HC—AN: p = 1.000
HC—RecAN: p = 0.336
AN—RecAN: p = 0.163

Retinol (Vitamin A) [μg] 251.89 [368.00] 313.50 [358.19] 421.35 [398.41] F (2) = 2.532
p = 0.084

HC—AN: p = 0.081
HC—RecAN: p = 0.786
AN—RecAN: p =1.000
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Table 2. Cont.

Vitamin B6 [mg] 1.83 [0.89] 2.12 [1.01] 2.23 [1.07] F (2) = 2.168
p = 0.119

HC—AN: p = 1.000
HC—RecAN: p = 0.130
AN—RecAN: p = 0.735

Vitamin B12 [μg] 4.27 [3.69] 3.51 [2.87] 5.66 3.61] F (2) = 3.527
p = 0.032

HC—AN: p = 0.151
HC—RecAN: p = 0.051
AN—RecAN: p = 1.000

Vitamin C [mg] 146.15 [90.44] 142.01 [91.63] 123.88 [69.78] F (2) = 0.961
p = 0.385

HC—AN: p = 0.548
HC—RecAN: p = 1.000
AN—RecAN: p = 1.000

Vitamin D [μg] 2.04 [2.32] 2.11 [1.82] 2.73 1.98] F (2) = 1.508
p = 0.225

HC—AN: p = 0.309
HC—RecAN: p = 0.720
AN—RecAN: p = 1.000

Vitamin E [mg] 12.58 [5.53] 15.44 [7.89] 12.45 [7.06] F (2) = 1.813
p = 0.168

HC—AN: p = 1.000
HC—RecAN: p = 0.233
AN—RecAN: p = 0.268

Zinc 7.27 [3.23] 8.67 [4.35] 9.76 [5.26] F (2) = 4.115
p = 0.019

HC—AN: p = 0.015
HC—RecAN: p = 0.971
AN—RecAN: p = 0.606

Abbreviations: AN = anorexia nervosa, HC = healthy controls, RecAN = recovered anorexia nervosa, n = number of observations.

3.3. Dietary Inflammatory Index

While the DII score was lower in the recAN compared to the current AN and HC
groups (AN = 0.56 [SD = 1.86], recAN = 0.07 [SD = 1.73], HC = 0.60 [SD = 2.08]), a one-way
ANOVA and an ANCOVA controlling for calorie intake revealed no significant group
differences in DII score (F (2, 121) = 0.553, p = 0.577 and F (2, 121) = 1.797, p = 0.170,
respectively). The DII score for the 25 nutrients investigated in the whole sample ranged
from −3.26 to +3.63.

3.4. Association between DII Score and Inflammatory Markers

Multivariable regressions controlling for age and calorie intake showed that DII score
was significantly associated with concentrations of TNF-α in our AN sample (β = 0.404,
t = 2.396, p = 0.021). However, DII score was not significantly related to any other cytokines
in the AN group nor any cytokines in the recAN and HC groups.

4. Discussion

Individuals with AN report altered nutrient intake [7–9] and recent immunological
studies in AN have found altered levels of cytokines compared to healthy individuals [39,58].
In this study, we aimed to examine group differences in nutrient intake and explore whether
the inflammatory potential of an individual’s diet may be associated with inflammation.

4.1. Nutrient Intake

In our AN participants, we observed lower intake of cholesterol, protein, and zinc,
compared to HCs, and MUFAs, compared to recAN participants. These findings could
be explained by the food preferences of people with AN: research suggests that people
with AN tend to prefer lower calorie options (e.g., avoid meat, dairy products, fried foods,
and baked goods [59–62]) to prevent weight gain. It is important to note that we did not
replicate well established findings, such as a reduced (total and saturated) fat intake in
people with AN [8,61,63]. The lack of group differences may be accounted for by the large
proportion of the AN sample who were receiving specialist ED treatment, as this aims
to increase caloric consumption in a nutritionally balanced manner [61]. Methodological
considerations associated with the FFQ may have also contributed to the findings, as will
be discussed in Section 4.3.

We reported that both AN and recAN participants consumed significantly less choles-
terol than HCs. This is unsurprising as people with AN tend to avoid foods that are high
in cholesterol such as dairy products and meats [7,64]. Research on the lipid profile of AN
patients has shown that they often exhibit hypercholesterolaemia [65,66]. This has been
attributed to a diminished cholesterol and bile acid metabolism resulting from the reduced
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caloric intake [67,68] and suggests that, regardless of their dietary cholesterol intake, AN
patients could be at risk of cardiovascular disease. With regards to recAN patients, research
has found that they often make food choices based on their perceived health benefits [69].
Given the widely known health risks associated with high cholesterol, it is consistent with
our recAN sample exhibiting lower cholesterol intake.

AN participants consumed significantly less protein than HCs in our study. Findings
on consumption of protein in people with AN, compared to HCs, are mixed: some au-
thors have reported increased protein intake [70,71], whereas others have reported lower
intake [59,72,73]. Inadequate protein consumption can lead to decreased synthesis of vis-
ceral proteins, oedema, and muscle atrophy [74]. Indeed, oedema and muscle atrophy have
been described in AN [75]. The lack of protein intake might have clinical implications for
people with AN and a comorbid depressive or anxiety disorder. In AN, for example, recent
studies found comorbidity rates of more than 50% for social anxiety disorder, about 40%
for depression and 20–30% for generalized anxiety disorder [76,77]. Second-generation
antidepressants such as selective serotonin reuptake inhibitors (SSRI) are the first-line phar-
macological treatment for patients with depression and anxiety disorders [78,79]. However,
SSRIs have not been found to have much benefit for depressive or anxious symptoms in
the acute phase of AN [80]. The lack of proteins and amino acids has been suggested as
a potential explanation because amino acids such as tryptophan are needed to produce
neurotransmitters such as serotonin; and antidepressants, for example SSRIs, that act as
reuptake inhibitors of neurotransmitters require the presence of neurotransmitters such as
serotonin to be effective [81]. A comorbid depressive disorder may be a barrier to recovery
from AN. Therefore, medications such as ketamine and esketamine which do not rely on
the availability of amino acids have been suggested as treatment options for the treatment
of a comorbid depressive disorder in malnourished patients with AN [82].

Zinc is perhaps the most studied micronutrient in AN, with previous research reporting
deficient levels of zinc (<46 mcg/dL) in AN [59,72,83]. Our findings of lower zinc consump-
tion in AN participants compared to HCs are consistent with some previous research [9].
However, some studies have reported no difference in zinc consumption, likely due to in-
creased supplement use in AN [8]. Research has shown that people with AN are significantly
more likely to be and/or have a history of being vegetarian, as compared to HCs [60,61]. As
meat and fish are high in zinc, this may explain the present findings. The lack of zinc has
also been suggested to play a role in the pathophysiology of depression and to contribute to
therapy resistance during treatment with antidepressants; thus, zinc supplementation has
been proposed as an adjunct to improve the efficacy of antidepressant treatment [84].

Compared to recAN participants, AN participants also consumed less MUFAs and
PUFAs in this study. Indeed, people with current AN tend to restrict all types of dietary
fats, whereas weight gain in AN has been associated with obtaining a higher percentage of
total calories from fats, including unsaturated fats [85]. Overall, our results are in line with
other studies showing essential fatty acid disturbances in current AN patients [86,87], as
well as in chronically malnourished individuals [88,89]. However, it is perhaps surprising
that group differences in total fat or saturated fat were not also identified, as it is well
established that individuals with AN tend to prefer foods low in fat [8,64].

4.2. Dietary Inflammatory Index

Our analyses did not reveal any significant differences in DII score between the current
AN, recAN and HC groups, despite the recAN participants having a lower DII score than
the other groups. Given the few differences we identified in nutritional intake between
groups, and the narrow range of inflammatory scores in the whole sample, this is perhaps
to be expected.

We also explored whether DII score may be associated with cytokine concentrations in
each of our groups. Inflammatory marker analysis revealed that DII score was associated
with concentrations of TNF-α but only in the AN group (when controlling for age and
calorie intake), such that a higher DII score was associated with increased concentrations
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of TNF-α. However, no other associations between DII score and inflammatory marker
concentrations were found. Therefore, it may suggest that factors other than dietary intake
regulate cytokines in current and recovered AN and be responsible for the alterations
reported previously [5,6]. Indeed, there is likely a combination of factors that contribute
to the observed altered concentrations of inflammatory markers in currently unwell AN
patients. Alternative factors could include stress, genetics, and comorbid psychiatric disor-
ders, as well as specifically AN-related factors like current recovery and refeeding status,
recent weight gain, and current ED behaviours (e.g., self-starvation and compensatory
mechanisms). Alongside this, other behavioural factors could also contribute to heightened
concentrations of inflammatory markers observed in AN patients. Often correlated, health
behaviours such as physical activity, tobacco smoking, and sleeping patterns [90,91] can
impact on inflammatory status [92], and have previously been shown to be altered in
people with eating disorders [93–95].

4.3. Strengths and Limitations

This is the first study to assess inflammatory potential of dietary intake in people
with AN. However, the sample was relatively small, particularly in the recAN group,
within which we performed multiple comparisons. Our sample size did not allow us
to subdivide our AN participants according to their AN subtype (binge-eating/purging
type or restricting type), which would have been of interest given likely differences in
dietary patterns between the AN subtypes. Additionally, our sample was heterogeneous in
demographic and clinical characteristics, including disease duration which ranged from
3 months to 35 years. Further issues and uncertainties to consider are that eating more food
tends to be associated with lower DII scores, that findings seem to vary between studies
depending on patterns of food intake within individual populations, and that there is often
limited eating pattern variability within control groups [56]. Therefore, our results need to
be interpreted with caution.

There are further methodological considerations that may have contributed to our
findings, namely, the inherent strengths and limitations associated with the use of FFQs.
The FFQ represents a good option for capturing dietary information as it is simple to
self-administer, relatively low-cost, and may be a better representation of usual dietary
patterns than 24-h recall or a few days of observation. However, there are also several
limitations to this method of collecting data on nutritional intake. The EPIC-Norfolk FFQ
requires participants to recall the frequency and portion size consumption over the last
year. This is cognitively demanding and is often biased by their present dietary intake
and patterns. Additionally, for AN participants who have been in treatment, it may have
been difficult to record an average intake when their diet may have altered during this
time frame, as nutrition restoration is a key component of treatment for AN. Further, food
portion estimation is frequently imprecisely estimated and quantified: research has shown
that people with AN tend to overestimate energy intake perhaps due to over-reporting of
caloric intake; in contrast, HCs tend to consistently under-report caloric intake [72,96,97].
Hence, dependence on participant recall makes FFQs amenable to misrepresenting true
dietary intake [98]. Finally, the FFQ is limited to a specific list of food items, which could
be considered outdated given that it was designed approximately 20 years ago. Dietary
habits have changed considerably over the last two decades [99,100]. For example, the list
does not include non-dairy milk alternatives, consumption of which was reported by a
large proportion of our contemporary participants.

5. Conclusions

In participants with current AN, we identified significantly lower intake of cholesterol,
protein, and zinc, compared to HCs and MUFAs and PUFAs compared to participants
recovered from AN. The DII score did not significantly differ between groups. Therefore,
the findings from this study suggest that it is unlikely that a pro-inflammatory diet accounts
for the alterations in cytokines and other inflammatory markers that have been observed
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in people with current AN. As this is the first study to assess dietary inflammation in
AN, future research should further explore the use of the DII in samples with current
and recovered AN, using multiple 24-h dietary recalls (to avoid problems associated with
averaging intake over a long period of time).
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Abstract: Background: A first approach of a phenotypic characterization of food addiction (FA)
found three clusters (dysfunctional, moderate and functional). Based on this previous classification,
the aim of the present study is to explore treatment responses in the sample diagnosed with Eating
Disorder(ED) of different FA profiles. Methods: The sample was composed of 157 ED patients with
FA positive, 90 with bulimia nervosa (BN), 36 with binge eating disorder (BED), and 31 with other
specified feeding or eating disorders (OSFED). Different clinical variables and outcome indicators
were evaluated. Results: The clinical profile of the clusters present similar characteristics with the prior
study, having the dysfunctional cluster the highest ED symptom levels, the worse psychopathology
global state, and dysfunctional personality traits, while the functional one the lowest ED severity
level, best psychological state, and more functional personality traits. The dysfunctional cluster was
the one with lowest rates of full remission, the moderate one the higher rates of dropouts, and the
functional one the highest of full remission. Conclusions: The results concerning treatment outcome
were concordant with the severity of the FA clusters, being that the dysfunctional and moderate ones
had worst treatment responses than the functional one.

Keywords: food addiction; eating disorders; treatment outcome; cluster analysis approach

1. Introduction

Even though food addiction (FA) has not being included as a formal mental disorder
in the Diagnostic and Statistical Manual (DSM-5) [1], it is a concept of ongoing scien-
tific interest and debate. According to the FA model, some foods, especially palatable
ones, may be involved in producing both overeating and addictive-like behaviours, thus,
phenomenological similarities with addictive disorders could been found [2].

FA has been mentioned as a potential subtype of obesity [3–5], and has been associ-
ated with Eating Disorders (ED), mainly in binge spectrum disorders as bulimia nervosa
(BN) [6,7] and binge eating disorder (BED) [8,9]. It has been associated with higher body
mass index (BMI), binge-eating episodes, higher eating psychopathology, more impulsive

Nutrients 2022, 14, 1084. https://doi.org/10.3390/nu14051084 https://www.mdpi.com/journal/nutrients227



Nutrients 2022, 14, 1084

personality traits, and craving for highly palatable food [10–12], as well as poorer response
to therapy [13,14].

Additionally, other predictors of developing severe symptomatology of food addiction
are presenting dysfunctional personality traits, high emotional dysregulation, and high
general psychopathology [15,16], and be women [17].

In a previous study, our group has assessed the heterogeneity within a group of sub-
jects with positive FA (FA+) and have identified differential phenotypes and subgroups
among the participants [18] considering general psychopathology, ED severity and per-
sonality traits. In the prior study, a sample of ED and obesity patients was included, and
three clusters were obtained: (a) dysfunctional cluster (mainly represented by OSFED and
BN), (b) moderate cluster (mainly represented by BN and BED patients) and (c) functional
cluster (mainly represented by obesity and BED patients).

The obtained results of this study shed some light on the different clinical profiles
within patients with ED and obesity who had FA+. However, there is a lack in the literature
on how the treatment could be influenced by these severity and cluster groups. To have
a deeper understanding of the FA construct, evidence related with treatment outcome
could help to fill that gap, by knowing the relationship between treatment outcome, FA,
psychopathological dimensions, and other variables.

Thus, based onto the prior study, the aim of the present research is to explore treatment
response to Cognitive Behavioural Therapy in the ED sample of the different FA clusters
found in the previous study [18]. We hypothesize that the functional cluster, will present
better treatment outcomes and lower dropout rates than the moderate and dysfunctional
ones. As well, due to belonging to a specific cluster provides information on the patients’
profile in a broad collection of clinical measures, and that the present study only consider
ED patients from the original sample, the analysis form the previous research, regarding
psychopathological status, the personality traits, ED severity and the diagnostic subtype,
will be done as well in this study.

2. Materials and Methods

2.1. Participants and Procedure

The initial sample was comprised of 234 participants of the original study [18]. The
identification of the empirical clusters in this prior research was done through two-step-
cluster procedure, using the log-likelihood distance measure (adequate for both quantitative
and categorical indicators), and combining a multinomial probability mass function (non-
metric data) and a normal density function (metric data). The clustering process was
also based on an automatic selection of the number of cluster-classes, based on a large
set of indicator variables including the ED severity level, global psychopathological state,
personality profile and the diagnostic subtype.

The identification of the empirical clusters in this prior research was done through
two-step-cluster procedure, using the log-likelihood distance measure (adequate for both
quantitative and categorical indicators), and combining a multinomial probability mass
function (non-metric data) and a normal density function (metric data). The clustering
process was also based on an automatic selection of the number of cluster-classes, based on
a large set of indicator variables including the ED severity level, global psychopathological
state, personality profile and the diagnostic subtype, only the ED patients were selected.
Therefore, the present study comprises a total of 157 adult women diagnosed with an ED
(90 with bulimia nervosa (BN), 36 with binge eating disorder (BED), and 31 with other
specified feeding or eating disorder (OSFED)) BN subtype, who presented for treatment
to the Eating Disorder Unit within the Department of Psychiatry at Bellvitge University
Hospital (HUB) (Barcelona, Spain) from May of 2016 and November 2018. Those patients
with Anorexia Nervosa diagnosis were excluded, due to the low prevalence’s of FA in
this disorder. All participants included in the study were diagnosed according to the to
the DSM-IV-TR criteria [19] through a semi-structured interview with experience clinical
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psychologist, and diagnoses were reanalysed and recodified post hoc using the DSM-5
criteria [1].

According to the Declaration of Helsinki, the present study was approved by the
Clinical Research Ethics Committee (CEIC) of Bellvitge University Hospital, and written
informed consent was obtained from all participants. All the assessments were conducted
by experienced psychologist and psychiatrists.

2.2. Assessment

Alongside the assessment of several clinically relevant variables as age of onset,
duration of the disorder, BMI (taking weight and height measures in the first visit to
our center by trained staff, using the same device to all patients: Tanita MC 780-S MA
portable scale: With segmental multifrequency. Bio Lógica Tecnología Médica SL, Barcelona,
Spain), and sociodemographical characteristics such as age, income and marital status, the
following Spanish validated instruments were used.

Eating Disorders Inventory 2 (EDI-2) [20], is a self-report questionnaire that assesses
different cognitive and behavioural characteristics typical for ED in 11 subscales: Drive
for Thinness, Bulimia, Body Dissatisfaction, Ineffectiveness, Perfectionism, Interpersonal
Distrust, Interoceptive Awareness and Maturity Fears, Asceticism, Impulse Regulation and
Social Insecurity. The measures consists of 91 items, answered on a 6-point Likert scale.
The internal consistency of the total scale for our sample was 0.92 (coefficient alpha).

Symptom Checklist-90-Revised (SCL-90-R) [21] validated in Spanish population [22], is
a questionnaire used to evaluate a broad range of psychological problems and symptoms of
psychopathology considering nine primary symptom dimensions: Somatization, Obsession-
Compulsion, Interpersonal Sensitivity, Depression, Anxiety, Hostility, Phobic Anxiety,
Paranoid Ideation and Psychoticism; and includes three global indices: global severity
index (overall psychological distress), positive symptom distress index (the intensity of
symptoms) and a positive symptom total (self-reported symptoms). The global severity
index can be used as a summary of the test. The measure consists of 90 items answered on
a 5-point Likert scale. The internal consistency of the subscales for our sample range from
0.701 to 0.865, and the global indexes was 0.96 (coefficient alpha).

Temperament and Character Inventory-Revised (TCI-R) [23], validated in Spanish
population [24], is a questionnaire that measures four temperament dimensions (Harm
Avoidance, Novelty Seeking, Reward Dependence and Persistence) and three character
dimensions (Self-Directedness, Cooperativeness and Self-Transcendence) of personality.
The measure consists of 240-items and answered on a 5-point Likert scale. The internal
consistency of the subscales for our sample range from 0.80 to 0.89 (coefficient alpha).

Yale Food Addiction Scale 2.0 (YFAS2.0) [25], validated in Spanish population [9], is
a self-report questionnaire for measuring FA during the previous 12 months. Is based on
DSM-5 Criteria and evaluates 11 symptoms and allows the establishment of symptom sever-
ity cutoffs: mild (2–3 symptoms), moderate (4–5 symptoms), and severe (6–11 symptoms).
The score produce two measurements: (a) a continuous symptom count score that reflects
the number of fulfilled diagnostic criteria (ranging from 0 to 11), and (b) a food addiction
threshold based on the number of symptoms (at least 2) and self-reported clinically signifi-
cant impairment or distress. This final measurement allows for the binary classification
of food addiction (present versus absent). The measures consist of 35-items answered on
a 8-point Likert scale. The internal consistency of the total scale for our sample was 0.93
(coefficient alpha).

2.3. Treatment

Patients received cognitive–behavioural therapy (CBT) treatment carried out by expe-
rienced psychologists at Bellvitge University Hospital (HUB), which consisted of 16 weekly
outpatient group sessions of 90 min each and a follow-up period of 6, 12 and 24 months. A
detailed description of the treatment applied could be found in [26], with the following
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main treatment objectives: cognitive restructuring, problem-solving, emotion management
techniques, and normalisation of eating behaviour.

Treatment Outcome Assessment

The criterion for dropping out of treatment was not attending three consecutive ses-
sions. Of those patients who completed treatment, the following categorisation, according
to their symptomatology, was used: full remission (total absence of ED symptoms for
at least 4 consecutive weeks), partial-remission (substantial symptomatic improvement,
but with residual symptoms considering DSM-5 criteria. It could be an extinction of
behavioural symptoms, as purging, or restriction, but residual cognitive distortions, or
intense fear to gain weight, or, vice versa), and non-remission (still meeting full criteria
for an ED) [1]. These categories to assess treatment outcome have also been used in prior
published studies [27,28]. The assessment of treatment out for this study were performed
at the end of the 16 treatment sessions.

2.4. Statistical Analysis

Statistical analysis was carried out with Stata17 for Windows (Stata-Corp, College
Station, TX, USA) [29]. Firstly, the empirical clusters compared in this study were compared
for the measures assessed at baseline, and for the ED diagnostic subtype, to provide
information about the specific profile associated to each cluster. Next, the discriminative
capacity of the empirical clusters on the treatment response was assessed.

Comparison between the clusters was based on chi-square tests (χ2) for categorical
variables and with analysis of variance (ANOVA) for quantitative variables. Effect size
was calculated with the standardized Cohen-h for proportion differences and Cohen-d for
mean differences (poor effect size was considered for absolute estimates lower than 0.50,
mild-moderate effect size for absolute estimates higher than 0.50 and high-large for absolute
estimates higher than 0.80) [30]. Control in Type-I error due to the multiple null-hypothesis
statistical tests was done with Finner’s method [31].

3. Results

Most participants in the study were single (n = 97, 61.8%) and had achieved secondary
education levels (n = 74, 47.1%). Mean age was 33.2 years (SD = 11.9), mean age of onset of
the eating problems was 21.1 years (SD = 9.4) and mean duration of the eating problems
was 12.3 years (SD = 9.1). Table 1 includes the comparison between the groups for the
descriptive variables. Considering the groups defined by the ED-subtype, BED included
patients with the highest age and the oldest age of onset. Comparison between the clusters
identified differences for age and onset for the dysfunctional cluster (C1), which had lower
means compared to the moderate (C2) and the functional (C3) clusters.

Figure 1 displays the 100% stacked bar chart with the percentage of patients with a
specific ED subtype within each cluster. Differences between the groups were found: The
dysfunctional cluster (C1) included a high and similar distribution for BN and OSFED
patients; the moderate (C2) cluster included mostly BN patients, following by a high
percentage as well of BED; the functional (C3) cluster included a high proportion of BN
patients, and similar percentage of BED and OSFED.
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Figure 1. Composition of the clusters. Note. C1: cluster 1, dysfunctional cluster. C2: cluster 2,
moderate cluster. C3: cluster 3, functional cluster. BED: binge eating disorder. BN: bulimia nervosa.
OSFED: other specified feeding eating disorder. df = degrees of freedom. Sample size: n = 157.

The upper part of Table 2 shows the comparison between the clusters at baseline, and
the lower part of the table shows the comparison for the CBT treatment outcomes. FA levels
was higher in the moderate cluster (C2), followed by the dysfunctional one (C1), while
the C3 (functional) presented the lower levels of FA. According to clinical characteristics,
the dysfunctional cluster (C1) was characterized by the lowest mean for the BMI, the
highest ED symptom levels (except for the EDI-2 bulimia scale), the worst psychopathology
global state, and the highest levels in the personality domains of harm avoidance and self-
transcendence. This cluster was also the one with the lowest percentage of participant with
full remission (see also Figure 2). The functional cluster (C3) was the cluster with the lowest
ED severity level, best psychological state, the lowest score in harm avoidance, and the
highest scores in the personality traits of reward-dependence, persistence, self-directedness
and cooperativeness. As well, this cluster also had the highest percentage of patients with
full remission (Figure 2). C2, the moderate one, present intermediate levels of these clinical
characteristics; however, it had the highest levels of dropouts.

Figure 2. Distribution of the CBT outcomes within the clusters. Note. C1: cluster 1, dysfunctional
cluster. C2: cluster 2, moderate cluster. C3: cluster 3, functional cluster. df = degrees of freedom.
Sample size: n = 157.
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4. Discussion

The aim of the present study was to explore treatment responses in the different FA
profiles identified by [18], considering only the ED sample. Clinical characteristics of these
ED-focused clusters are similar to those previously found and were relevant for treatment
outcome as well. As we hypothesized, the functional cluster (C3), do present better
treatment response and lower dropout rates than the moderate (C2) and dysfunctional (C1)
clusters. Several aspects of these results must be highlighted.

First, as in the prior study [18], FA levels were higher in the moderate cluster, followed
by the dysfunctional one, and lower in the functional. The composition of each cluster
regarding the diagnosis of the patients was maintained for the dysfunctional and moderate
clusters, however, the composition of the functional one changed. In the prior study, this
subgroup was highly represented by patients with obesity but no ED, while in this study
non-ED participants were excluded. However, the clinical characteristics of the present and
previous clusters were similar. This is, dysfunctional cluster (C1) had higher presence of BN
and OSFED patients, higher severity of the disorder and worst psychopathological state, as
well as low self-directedness and high harm avoidance. The functional cluster (C3) had
more equilibrated proportion of diagnosis subtypes, with BN being more prevalent, and
higher self-directedness and persistence, with lower levels of harm-avoidance. Finally, the
moderate cluster (C2) had a heightened presence of BN (72.5%) followed by BED (24.6%),
therefore, this cluster was particularly represented by binge ED subtypes; as well, this
cluster had the highest levels of FA as in the first study.

Thus, what differentiates the dysfunctional cluster (C1) from the other clusters is the
severity of it clinical characteristics (except FA), while the moderate (C2) group differs
from the functional (C3) and dysfunctional cluster (C1) by a higher severity of FA, and the
functional cluster (C3) differ from the dysfunctional (C1) and moderate (C2) one by the low
severity of its clinical profile.

Treatment outcome was explored as well, not only to relate it with the presence of FA,
being that other studies have already approach the subject [14,32], but to add to a better
characterization of FA construct in well-defined phenotypes that consider FA presence and
other clinical variables.

Low levels of full remission and higher rates of dropouts in the dysfunctional cluster
(C1) were found. This subgroup was highly represented for OSFED patients, which have
been reported to present low harm avoidance and self-directedness, as well as higher
severity of ED symptomatology, aspects identified as predictors of high drop-outs and low
full remission rates [28]. Additionally, similar personality traits that imply difficulties in
following goals and higher levels of anxiety levels have been found in BN patients (also
present in this cluster) [33]. This has also been associated with low levels of full remission
after cognitive behavioural treatment (CBT) [26]. Therefore, patients within this cluster
may benefit from treatments that target the reduction of the ED symptomatology and
general distress, as well as favour the improvement in the establishment and following of
objectives. It is also important to mention that younger patients with an earlier onset of the
disorder were particularly present in this cluster; therefore, these aspects could be added as
indicators of a more dysfunctional profile. Of note, early onset of the disorder has already
been mentioned as a predictor of a longer maintenance of the ED [34].

In the moderate cluster (C2), the highest dropout rates were found, as well medium
rates of full remission in comparison with the dysfunctional (C1) and functional clusters
(C3). This cluster was characterized by the presence of binge spectrum ED patients and by
the higher levels of FA, both aspects that could be involved in the response to treatment of
the participants in this cluster. It is possible that the higher presence of FA symptomology
in binge spectrum ED (relative to non-binge ED) may reflect the more frequent binge
eating episodes and food craving associated with FA [35,36]. In the same line, it could be
hypostatized that the high levels of FA could be related to the higher drop out percentage
found here. This is consistent with prior studies that have found that FA predicts worse
intervention response in BN patients [32], and that FA can act as a mediator between
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severity of ED in BN and BED patients and treatment outcome [14]. However, being that
this cluster did not present levels of psychopathology and severity of the ED as high as the
dysfunctional cluster (C1), this moderate cluster (C2) was more likely to reach full remission
than the patients in C1. Therefore, it may be important to screen for severe FA (particularly
for patients with diagnoses more represented in this cluster), to implement approaches
that could reduce FA symptomatology. In this regard, several authors have suggested
additional therapy aims of craving managements and increasing inhibitory control [37],
and psychoeducation about the dietary patterns implicated in addictive eating [35,38]. As
well, BED patients and FA patients present high levels of impulsivity, therapies aimed to
reduce food related impulsivity could be implemented as well [39].

Finally, the functional cluster (C3) presents the higher levels of full remission and
the lowest of drop out, as well as had the lowest levels of severity of FA. Further, this
cluster is clinically speaking the most functional, presenting low ED severity and general
psychopathology. It also had the highest levels of self-directedness and persistence, which
may be associated with good compliance with the treatment. Patients within this subgroup
may respond best to traditional CBT treatment and not need additive therapies to help
them succeed. This groups overall FA severity level is low and other studies have found
that FA symptoms can remit after traditional CBT [32]. Thus, specific targets for addictive
mechanisms may not be needed for this cluster.

5. Strength and Limits

The present study has several strengths. Not only the relation of FA with ED treat-
ment outcome was explored, a characterization of different phenotypes in ED patients that
presents FA was confirmed. In this sense, it is important to consider that the clustering
process was performed in the original study for a large set of indicators measured in the
baseline (previously to the intervention), which included the ED severity level along with
other variables (the comorbid psychopathological status, the personality traits and the
diagnostic subtype). In this sense, belonging to a specific cluster provides wide information
on the patients’ profile in a broad collection of clinical measures. Since this work provides
results for the comparison between these empirical profiles, this study can be conceptual-
ized within a person-centred approach, characterized by the analysis of individuals who
share multiple particular attributes (contrarily to the classical variable-centred approach,
focused on assessing the specific contribution of isolated variables). Additionally, these
clusters have specific clinical characteristics, which may inform precision therapies.

Even so, some limitations may be taken into account. The study was only performed in
women patients, and the size of the sample was considerably reduced due to the exclusion
of patients with obesity only (as the aim of this paper was on ED treatment response). These
aspects affect the generalization of the results, and future studies should consider them.

6. Conclusions

The phenotypic characterization of FA proposed by the original study [18] (considering
ED and obesity patients), and the present one (only considering ED patients), present similar
clinical characteristics that again defined three clusters from a dysfunctional to functional
one. The dysfunctional cluster had the lower rates in full remission, while the functional
cluster had the higher proportions of full remission and the lowest of dropouts. Even
though the moderate cluster presented the highest rate of dropouts, a higher percentage
of participants in this cluster could reach full remission of their symptoms. Even though
all participants presented FA symptoms, the differential characteristics of each cluster
may be important to defining proper treatment approaches for ED patients with FA. For
example, the dysfunctional cluster may benefit from treatments that target aspects of high
severity ED symptoms and psychological distress; the moderate cluster may be specifically
benefited by a focused treatment for the reduction of FA symptoms; finally, the functional
cluster could continue with traditional approaches.
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Abstract: Anorexia nervosa (AN) is a highly complex disorder to treat, especially in severe and
enduring cases. Whilst the precise aetiology of the disorder is uncertain, malnutrition and weight loss
can contribute to reductions in grey and white matter of the brain, impairments in neuroplasticity
and neurogenesis and difficulties with cognitive flexibility, memory and learning. Depression is
highly comorbid in AN and may be a barrier to recovery. However, traditional antidepressants are
often ineffective in alleviating depressive symptoms in underweight patients with AN. There is an
urgent need for new treatment approaches for AN. This review gives a conceptual overview for the
treatment of AN with ketamine. Ketamine has rapid antidepressant effects, which are hypothesised
to occur via increases in glutamate, with sequelae including increased neuroplasticity, neurogenesis
and synaptogenesis. This article provides an overview of the use of ketamine for common psychiatric
comorbidities of AN and discusses particular safety concerns and side effects. Potential avenues for
future research and specific methodological considerations are explored. Overall, there appears to
be ample theoretical background, via several potential mechanisms, that warrant the exploration of
ketamine as a treatment for adults with AN.

Keywords: anorexia nervosa; atypical psychedelics; eating disorders; esketamine; ketamine; narra-
tive review; severe-enduring; treatment

1. Introduction: An Overview of Ketamine

Ketamine is an n-methyl-D-aspartate (NMDA) receptor antagonist that has tradition-
ally been used for anaesthesia in larger doses [1]. It remains one of the two injectable
anaesthetics under the World Health Organisation Model List of Essential Medicines, the
other of which is propofol [2]. It is available in two enantiomers: the S(-) and racemic (R-)
forms, referred to as esketamine and arketamine. However, when referred to as ketamine,
this describes (R,S)-ketamine, which is a 1:1 racemic mixture of S- and R-ketamine enan-
tiomers (see Figure 1 for the molecular structure). S-(Es)ketamine has an approximately
four-fold higher affinity for the NMDA receptor site than R-ketamine and is three to four
times as potent [3,4]. Moreover, esketamine generally produces fewer psychomimetic
effects than R-ketamine. Ketamine can be administered via several routes that have vary-
ing bioavailability: intravenous (100%), intramuscular (90–95%), subcutaneous (90–95%),
intranasal (30–50%), sublingual (20–30%), transdermal (10–50%) and oral (10–20%) [5].
Estimates of bioavailabilities increase when accounting for the contribution of norketamine;
for example, in one study, the bioavailabilities of sublingual and oral ketamine increased
from 32% to 54% and 23% to 59%, respectively [6]. Moreover, the area under the curve,
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peak plasma concentration and time to peak plasma concentration differ depending on the
administration route and dosage (see Table 1).

Figure 1. The molecular structure of ketamine, S-ketamine and R-ketamine.

Table 1. Single administration of ketamine: selected pharmacokinetic parameters.

Parameter
Administration Route

Intravenous Sublingual Oral

Dosage (mg) 10 25 25

Cmax (μg/L) M ± SD 156 ± 161 28.6 ± 6.6 22.8 ± 12.8

Tmax (h) M ± SD 0.24 ± 0.29 0.76 ± 0.51 0.96 ± 0.8

AUC/dose (μg.h/L.mg) M ± SD 13.4 ± 2.4 4.0 ± 1.9 3.1 ± 0.7
Notes: AUC = area under the curve, Cmax = peak plasma concentration, M = mean, SD = standard deviation and
tmax = time to peak plasma concentration (adapted from [6]).

Ketamine is rapidly metabolised (the half-life is 2–4 h for racemic ketamine and 5 h
for esketamine [5]), mainly by the liver, and is excreted renally through urine and faeces.
Its by-products include hydroxyketamine, norketamine, dehydronorketamine and six
hydroxynorketamine metabolites [7]. The main metabolic pathway is N-demethylation to
an active metabolite norketamine by CYP3A4. There is increasing interest in the metabolites
of ketamine. For example, research has demonstrated the importance of the (2S,6S;2R,6R)-
hydroxynorketamine metabolite for the antidepressant effects of (R,S)-ketamine [7], which
is independent of NMDA receptor activity.

The first human dosage of ketamine was in 1964 at the University of Michigan, where
it was titrated from a subanaesthetic dose to full anaesthesia [8]. Patient reports of the
experiences included feeling “strange” and having “no feeling in their arms or legs” [8].
These experiences contributed to its classification as a “dissociative anaesthetic” by Domino
and Corssen [4]. In 1970, ketamine was approved by the Food and Drug Administration
(FDA) for use as an anaesthetic in children, adults and the elderly. Four years later,
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in 1974, ketamine was used for the first time within a psychiatric setting as an adjunct
to psychotherapy for depression in Argentina [9]. Since then, advances in the field of
ketamine have led to randomised controlled trials investigating its use for the treatment
of various psychiatric disorders, including depression [10], anxiety disorders [11], alcohol
and substance use disorder [12–14] and post-traumatic stress disorder [15]. Unfortunately,
this research was somewhat obscured by ketamine’s classification as a class III substance in
the US Controlled Substances Act due to it being popular as a recreational drug. However,
in 2019, esketamine in intranasal form was licensed to treat treatment-resistant depression
in the US and Europe by the FDA and European Medicines Agency (EMA), due to its rapid
antidepressant effects.

Factors that contribute to the phenomenology of ketamine treatment include set
(person factors) and setting (situational factors), terms introduced by Harvard psychologist
Timothy Leary [16]. Set refers to the individual’s internal state, such as the psychological
preparation and intentions for the experience, as well as intrinsic factors such as mood,
psychopathology, personality, fears and wishes [17]. Setting refers to any environmental
factors, including the physical, social and cultural environments [18]. Importantly, the
nature of the set and setting determine the ketamine experience; optimising both factors
is important to minimise the chances of an adverse psychological experience (i.e., a “bad
trip”). Set can be optimised by providing patients with “sitters”, who help the patient
prepare for the ketamine experience, set intentions, support them through the session
and aid them in integrating its meaning afterwards. On the other hand, researchers and
clinicians often optimise the setting by providing a calm and relaxing environment with
minimal stimuli and bright light; an overly clinical or antiseptic environment may increase
anxiety (for comprehensive guidelines, see [19]). Additionally, patients may be provided
with eye shields and a carefully prepared music playlist and are guided to direct their
attention inwards [20].

As aforementioned, the bioavailability of ketamine differs depending on the adminis-
tration route, although it is unclear how or whether bioavailability is related to therapeutic
effects [21]. Regardless, one study found dose-related antidepressant effects across all
administration routes tested, including intravenous (IV), intramuscular (IM) and subcuta-
neous (SC) [22]. In this study, SC administration resulted in the fewest adverse events [22].
By comparison, IM and IV can be painful to administer, and intranasal ketamine can be
uncomfortable if administered in the same nostril over 40 min [21]. Oral ketamine produces
a bitter taste. However, oral, SC, IM and intranasal ketamine are more convenient than IV
ketamine and can be used in everyday clinical care, as the latter requires an anaesthetist
to be present for administration [21]. Overall, it is unclear which administration route is
optimal within psychiatry, although within the context of treatment-resistant depression,
intranasal esketamine alongside an antidepressant seems the most feasible and effective [5].

2. Materials and Methods

The purpose of this narrative review is to synthesise a theoretical rationale for the
use of ketamine in the treatment of anorexia nervosa, integrating research across multiple
disciplines (e.g., investigational research of ketamine for other psychiatric disorders). A
literature search in the electronic databases MEDLINE and PubMed was performed until
15 September 2021, focusing on neurobiological models of anorexia nervosa and ketamine
use within a psychiatric setting. An analysis of eligible publications using MeSH keywords
such as “ketamine”, “neuroplasticity”, “anorexia nervosa” and “neurobiol” was conducted.
Articles published in English were considered, and there were no restrictions on the type of
article for inclusion; population-based studies, reviews, systematic reviews, meta-analyses,
clinical trials and theoretical papers were included in this narrative review. Reference lists
of publications were searched in order to identify additional eligible articles.
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3. The Neurobiological and Psychological Effects of Ketamine

When administered at subanaesthetic doses, dissociative and mild psychological
effects emerge within 15 min [23]. Psychological effects can include dissociation, alterations
in perception, depersonalisation and derealisation, amongst others. These effects are
transient and usually resolve within 90 min [24]. The antidepressant effects are rapid after
the psychological effects dissipate, with effects on depressive symptoms persisting for
a week in some patients [24]. This temporal sequence may indicate neuroadaptation to
the effects of ketamine in the brain [25]. This aligns with studies revealing the positive
influence of ketamine on neuroplasticity and, specifically, synaptogenesis.

Whilst ketamine is an NMDA receptor antagonist, its molecular action is more complex
than a simple blockade of NMDA receptors. In fact, at low doses, ketamine paradoxically
stimulates glutamate transmission [26]. This is achieved by both increased glutamate
release and also increases in AMPA receptors at synapses, which are ionotropic transmem-
brane glutamate receptors [26]. This, in turn, causes increases in brain-derived neurotrophic
factor (BDNF) release, which stimulates the mammalian target of rapamycin (mTOR) via
Atk (protein kinase B) and ERK signalling. mTOR is a protein kinase that is important
for the control of protein translation and contributes to long-lasting synaptic plasticity by
increasing the number and density of synapses. Thus, the positive effect of ketamine on
synaptogenesis is thought to reverse the reduced synaptic density that results from chronic
stress and depression [27,28] and is implicated in its antidepressant effects.

As well as increasing synaptogenesis, rodent studies have indicated that ketamine
increases neurogenesis and downregulates stress-induced inflammation. Adult neurogene-
sis refers to the birth of new neurons from stem cells, which occurs at a high rate in the
hippocampus and is mediated by growth factors such as BDNF and vascular endothelial
growth factor (VEGF). Studies in rodents have demonstrated increases in neurogenesis
after ketamine administration both in vitro [29] and in vivo [30,31], which is thought to
contribute to its sustained antidepressant effects [31]. Similarly, increases in BDNF and
VEGF in the medial prefrontal cortex (mPFC) and hippocampus following ketamine ad-
ministration are thought to contribute to this increase in neurogenesis [32].

Ketamine has also been shown to attenuate stress-induced inflammatory responses in
rats. In one study, rodents exposed to chronic unpredictable mild stress exhibited greater
hippocampal levels of proinflammatory cytokines (interleukin (IL)-1β, IL-6 and tumour
necrosis factor (TNF)-α), which were reduced following a low dose of ketamine [33]. No-
tably, another study found decreases in proinflammatory cytokines in rodents exposed to
stressors following ketamine administration but did not observe a reduction in corticos-
terone [34]. Thus, these effects may be independent of stress hormones. Whilst studies in
humans are scarce, these findings have been replicated in patients with depression, with
several studies finding decreases in various proinflammatory cytokines after ketamine
treatment [35–37]. Whether the anti-inflammatory and antidepressant properties of sub-
anaesthetic ketamine administration are related is debated, with some studies finding
an association [36,37] and others finding no association [35,38]. Whilst more research is
needed, it is possible that reductions in inflammation partially contribute to the therapeutic
effects of ketamine.

4. Anorexia Nervosa

Anorexia nervosa (AN) has the highest mortality of any psychiatric disorder, with a
standardised mortality rate of between 3.2 and 10.5 [39,40]. It is characterised by dietary
restriction and weight loss behaviours (e.g., exercise), leading to significantly low weight.
Prognosis is often poor, with estimates of relapse including 59% at nine years of illness [41]
and 30% at 15 years of illness [42]. There are several biopsychosocial models that seek to
explain the aetiology of AN, such as the Cognitive Interpersonal Maintenance Model [43].
Nevertheless, the neurobiological underpinnings of the disorder remain ambiguous. There
are no approved psychopharmacological medications for AN, and the treatment options
are otherwise limited [44]. Moreover, a large proportion of patients are treatment-resistant
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and therefore fail to gain weight. Treatment options are limited for this patient group [45],
which has been described as a “crisis” in the field [46].

Psychiatric comorbidity is common in AN, even after the eating disorder has been
resolved [47]. A study of 11,588 adults in eating disorder clinics in Sweden was conducted,
with comorbidities including mood disorders (33–50%), generalised anxiety disorder
(28–35%), social phobia (14–17%), obsessive-compulsive disorder (7–8%), post-traumatic
stress disorder (PTSD; 3–7%) and substance use disorder (4–11%) [48]. Other data from
separate geographical locations support similar prevalence rates [49–52], although other
estimates of anxiety disorder comorbidity have been higher at ~55–85% of patients [53].
Features of autism spectrum disorder (ASD) are also highly prevalent in AN, with one
study finding a 16.3% prevalence in a sample of 92 participants [54].

Patients with AN often report anhedonia, a lack of self-compassion, feelings of failure
and suicidal ideation [49,55,56], and AN is associated with a higher risk of suicide [57].
Comorbid depression is linked to poor outcomes in patients, particularly those with severe-
enduring AN (SE-AN), whereby patients with comorbid depression are six times more
likely to remain unrecovered at a 22-year follow-up [58]. Individuals with AN often report
that engaging in disordered eating behaviours allows them to cope with or avoid difficult
emotions; affect regulation may be a maintaining factor for the disorder [59]. Additionally,
anxiety is a feature within the syndrome of AN, with high levels of fear and anxiety
around food, weight and body shape and stereotyped eating behaviours. In the majority of
cases, symptoms of anxiety disorders (e.g., generalised anxiety disorder, social phobia and
obsessive-compulsive disorder) precede the onset of AN [60,61]. Moreover, symptoms of
anxiety as measured by the State-Trait Anxiety Inventory [62] often remain high even after
recovery [63,64]. Another risk factor for the development of AN is childhood trauma, most
of which are related to negative sexual experiences [65].

Genetic studies suggest overlapping aetiology between AN and some psychiatric
comorbidities (e.g., depression and obsessive-compulsive disorder) [66–68]. However,
psychopharmacological drugs often show little efficacy in terms of weight gain in AN;
a meta-analysis found no benefit in the weight outcomes from both antipsychotics and
antidepressants in comparison to the placebo [69]. New approaches to the management
of comorbidities, such as depression, in AN are warranted, which may, in turn, alleviate
eating disorder (ED) symptoms. The evidence for the use of ketamine in the treatment of
each respective comorbidity will be addressed in the following sections.

5. The Use of Ketamine in Commonly Comorbid Psychiatric Disorders

5.1. Depression

Patients with treatment-resistant depression defined as those who have failed to
achieve remission (or at least a 50% improvement in mood) after two antidepressants, are
candidates for esketamine nasal spray therapy in conjunction with an antidepressant. No-
tably, the National Institute of Care Excellence (NICE) in the United Kingdom do not recom-
mend nasal spray esketamine for depression on the grounds of poor cost-effectiveness [70].
This is currently being reviewed. In research, the most common administration route in
clinical trials is intravenous (IV) ketamine [71]. Studies show that IV ketamine elicits a
rapid antidepressant response in major depressive disorder and treatment-resistant de-
pression, acting within 24 h and providing a response after a single IV administration of
subanaesthetic doses (0.5 mg/kg) for 4–7 days [72]. There has been extensive research
investigating ketamine as a treatment option for this population. For example, it has been
found that a third of patients with treatment-resistant depression achieve remission [10],
with higher rates of remission associated with repeated administrations. All symptoms
of depression have been found to be reduced, including suicidality [25]. Additionally,
improvements in aspects of memory and learning have been found in patients with depres-
sion after ketamine treatment, such as working memory and visual learning memory [73].
Studies of ketamine for depression have, for the most part, used adult samples, although a
systematic review found reductions in depressive symptoms, suicidality and mood lability
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in adolescents given ketamine for treatment-resistant psychiatric conditions [74]. Thus,
there is emerging evidence for its use in adolescents, although, notably, esketamine is only
licensed for use in adult patients.

Whilst esketamine has fewer psychotomimetic effects than R-ketamine, it has been sug-
gested that these psychotomimetic effects may increase the antidepressant efficacy [75,76].
Whilst considered a side effect, the psychotomimetic effects can have transformative
psychological effects akin to those elicited from other psychedelic experiences (e.g., psilocy-
bin [77,78]). Additionally, there have been concerns raised regarding the cognitive effects
of ketamine, since it tends to produce impairments in cognitive function, although the
majority of this evidence is in chronic users [79]. However, in acute doses, it appears
that neurocognitive function is sustained or even improved [80]. More research should
be conducted to ascertain the impact of therapeutic ketamine on cognition in patients
with depression.

5.2. Obsessive-Compulsive Disorder

A systematic review of 11 studies of patients with OCD found that intravenous ke-
tamine improves obsessive-compulsive symptomatology, with rapid effects that last from
days to weeks [81]. Moreover, the effects of ketamine on OCD are prolonged if augmented
with cognitive behavioural therapy (CBT). In an interesting case study of a patient with
treatment-resistant depression, psychosis and OCD, oral esketamine was combined with
deep brain stimulation targeting the ventral anterior limb of the internal capsule, demon-
strating long-term benefits over 18 months [82]. Overall, there is a requirement for more
research into the use of ketamine for OCD, although there is preliminary evidence for
reductions in obsessive-compulsive symptomatology.

5.3. Autism Spectrum Disorder (ASD)

The evidence for using ketamine to treat the core symptoms of ASD (i.e., broadly,
impairments in social interaction and restrictive/repetitive behaviours) is preliminary.
One randomised controlled pilot study used two doses of intranasal ketamine and saline
placebo in a crossover design on a population of young people with ASD [83]. There
were no specific effects of ketamine on the clinician- and self-reported measures of autism;
the rates went down both after the placebo and ketamine. Notably, ketamine was well-
tolerated. However, a single case study found a dramatic reduction in the core symptoms
of ASD for 36 h following a preoperative ketamine treatment [84]. Moreover, another single
case study found improvements in depressive symptoms and the duration of eye fixation
(an index of social skills) across 12 doses of intranasal ketamine in an individual with ASD
and other psychiatric disorders [85]. Overall, the initial results were mixed, and further
research is needed to ascertain whether ketamine is efficacious in addressing some of the
core symptoms of ASD.

5.4. Anxiety Disorders
5.4.1. Generalised Anxiety Disorder and Social Anxiety Disorder

Several studies over the last ~5 years have demonstrated the efficacy of ketamine for
the treatment of anxiety disorders such as generalised anxiety disorder (GAD) and social
anxiety disorder (SAD). For example, a double-blind RCT in patients with SAD found
greater reductions in the symptoms of SAD in patients given IV ketamine than patients
given a saline placebo [11]. A later double-blinded RCT in patients with SAD and GAD
compared subcutaneous ketamine to a midazolam placebo, finding a dose-responsive (0.25,
0.5 and 1 mg/kg) reduction in anxiety in those given ketamine within an hour of dosing,
which persisted for a week [86]. Following this, Glue and colleagues investigated the safety,
tolerability and efficacy of extended-release oral ketamine tablets in seven responders from
their RCT [87]. Over 96 h, participants showed reductions in self-reported measures of
fear, anxiety and depression. However, it is important to note that the small sample size
meant that no inferential statistical analyses could be conducted, and the results should
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be considered preliminary but promising. To our knowledge, no studies have examined
intranasal esketamine for anxiety disorders, nor have they paired ketamine with adjunctive
therapy, which is a potential area for future research.

5.4.2. Post-Traumatic Stress Disorder

The fear response associated with a trauma-related stimulus may be targeted by
ketamine. In addition, rodent models have demonstrated ketamine’s ability to promote
fear extinction, which is suggested to occur via mTORC1 signalling [88]. Thus, it may
be appropriate as an adjunct to extinction therapies, whereby a fear-associated cue is
exposed to patients with the aim to form a new memory associated with it via inhibitory
learning [89]. In this way, ketamine treatment may be especially efficacious for PTSD when
“harnessing a window of ketamine-induced neuroplasticity” [90].

Early studies of ketamine for PTSD in humans administered the drug immediately
after exposure to trauma, which produced mixed findings [91]. Later studies have in-
vestigated its use to treat chronic PTSD, and whilst, to date, there are few randomised-
controlled trials (RCTs), the results are promising. For example, in one double-blinded RCT
of 41 chronic PTSD patients, the PTSD symptoms and depression improved in response to
ketamine as opposed to midazolam [15]. Another study found increases in the length of the
clinical response to a mindfulness-based extinction and reconsolidation cognitive therapy
in patients given IV ketamine relative to a saline placebo [92]. Overall, these preliminary
findings were promising, and ketamine is likely a viable treatment option for patients who
have experienced trauma.

5.5. Substance and Alcohol Use Disorders

There have been several reviews, including one systematic review, detailing the anti-
addiction properties of ketamine [12–14]. Collectively, the studies have suggested that ke-
tamine improves cravings, motivations to quit, physiological reactions to withdrawal and,
importantly, reduces or completely abolishes the self-administration of drugs/alcohol [13].
For addiction, ketamine is often administered alongside psychotherapy, termed “ketamine
psychedelic therapy” (KPT), which generally consists of a preparation phase, dosing phase
and integration phase. This allows patients to fully take advantage of a hyperplastic brain
state. Interestingly, this idea has been harnessed by a study investigating the potential
for ketamine to rewrite the maladaptive reward memories associated with alcohol and
drugs [93]. Participants were presented with a glass of beer and then retrieved maladap-
tive reward memories through exposure to a beer-related cue. Participants administered
ketamine directly after this reported lower alcohol consumption over 10 days over and
above participants who were either given the retrieval task or ketamine alone. The authors
suggested that the ketamine facilitated the rewriting of drinking memories, which occurred
within a critical reconsolidation window [93]. This brings into light the potential role
of ketamine in enhancing the efficacy of therapies or abolishing learned associations via
neuroplastic mechanisms.

6. Ketamine and the Neurobiology of Anorexia Nervosa

6.1. Neurotransmitters
6.1.1. Serotonin

Serotonin, or 5-hydroxytryptamine (5-HT), is a monoamine neurotransmitter pro-
duced mainly in the gastrointestinal tract and also by the raphe nuclei, located in the
brainstem. Thus, 5-HT has multifaceted functions and modulates food intake, body weight
control, mood, cognition, learning and memory. There are many 5-HT receptors, ranging
from 5-HT1 to 5-HT7, with a high density of receptors in the prefrontal cortex and hip-
pocampus [94]. However, the 5-HT1 and 5-HT2 receptor families are of the most interest in
the context of AN.

There is evidence for dysfunctions in the serotonin system in AN. For example, patients
with AN show reduced levels of serotonin and markers of serotonin (e.g., tryptophan) in
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the acute stages, which normalise after recovery [95], together with depletions in 5-HT1A
and 5-HT2A receptor densities [96]. However, some abnormalities persist after recovery. For
example, 5-HT2A receptor activity has been found to be abnormal in individuals recovered
from AN [97]. Additionally, there have been several studies indicating genetic differences
related to serotoninergic activity in AN (e.g., the S allele of the 5-HTTLPR gene [98,99]),
one of which is a polymorphism of the 5-HT2A receptor gene [100,101].

It is possible that the dietary restriction associated with AN leads to a depletion of
the dietary supplies of tryptophan, which is an amino acid that is a chemical precursor
to 5-HT. Alterations in serotonin signalling in limbic pathways (e.g., mesocorticolimbic
pathway) and structures (e.g., the hippocampus, hypothalamus, amygdala and thalamus)
may contribute to various features of AN, such as obsessiveness, body image distortions,
low mood, anxiety, fear, dietary behaviour and their response to SSRIs [102].

Several studies have suggested that the antidepressant effects of ketamine are partially
due to its effects on 5-HT, showing some similarities to traditional SSRIs. In vivo microdial-
ysis studies in rodents given an acute subanaesthetic dosage of ketamine showed increases
in 5-HText in the mPFC [103]. Additionally, a study in nonhuman primates demonstrated
a downregulation of selective 5-HT transporters (SERT) after an acute IV ketamine injec-
tion [104]. Overall, there is evidence for the importance of 5-HT1A and 5-HT1B receptor
agonism for the antidepressant effects of ketamine (see [105] for a review). It is thought
that this may occur as a downstream effect of hippocampal NMDA receptor inhibition and
AMPA receptor activation. This may normalise the aforementioned alterations shown in
AN and improve mood and/or comorbid depression.

6.1.2. Dopamine

Dopamine is a neurotransmitter important in reward processing, produced mainly in
the areas of the brain implicated in reward, such as the substantia nigra and ventral tegmen-
tal area. Reward constitutes three main processes: “liking” (a hedonic impact), “wanting”
(incentive salience) and learning (habit formation and forming associations) [106]. Whilst
dopamine is implicated in all reward processes, studies suggest that it is most important
for “wanting” processes [107,108] and, thus, is a large feature in theories of addiction.

In AN, alterations in the dopaminergic reward system have been noted, although
the findings are complex and often contradictory [109]. Overall, the findings suggest that
alterations in dopamine in AN may drive difficulties in discriminating between punishment
and reward, which is related to increased levels of anxiety and harm avoidance [110]. It
has been suggested that AN-related cues and behaviours become rewarding over time, as
increases in stress hormones attributable to food restriction can stimulate the dopamine
reward system via the hypothalamic–pituitary–adrenal axis [111]. Repeated dopamine
signalling may then aid in the transfer of these behaviours into habits [111,112]. Thus, it
has been suggested that treatments focus on developing associations with recovery goals
and egosyntonic aspects of the disorder rather than simply on food cues [110]. However,
this is likely to be especially difficult in patients who remain underweight or have the
treatment-resistant form of AN, as poor engagement in therapies and cognitive difficulties
may interfere.

Ketamine has been found to modulate the brain circuits related to reward and moti-
vation [113,114]. For example, resting-state functional magnetic resonance imaging (MRI)
scans of patients with treatment-resistant depression two days post-ketamine infusion
demonstrated increases in the frontostriatal connectivity in one study [115]. An additional
study provided evidence for increases in synaptic plasticity in the hippocampus–accumbens
pathway, which occurred partially due to the activation of D1 receptors [116]. Thus, it
is possible that using the suggested psychological approaches above within a window
of ketamine-induced neuroplasticity may instigate changes in reward functioning and
reward-related associations with disordered cues.
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6.2. Neuroplasticity and Neuromorphology

Neuroplasticity is regulated by the noradrenergic, serotoninergic, anticholinergic and
glutamate systems [117,118]. Neuropsychological studies of AN indicate reductions in
neuroplasticity, with decreased cognitive flexibility, memory and learning, which will
be discussed in the following section. Malnutrition, chronic stress and the presence of
psychiatric comorbidities can lead to reductions in BDNF and hippocampal volume, to-
gether with increases in proinflammatory cytokines. The presence of neuroinflammation
has been noted in AN, with studies finding increases in proinflammatory cytokines (e.g.,
TNF-α, IL-6 and IL-1β [119,120]), some of which normalise after weight restoration (e.g.,
IL-6 [120,121]). Additionally, chronic psychosocial stress can alter the proinflammatory
cytokine pathways [122,123]. Stressors include, but are not limited to, childhood adver-
sities and life events, caregiver stress and loneliness, all factors that can be linked to the
development of AN [124].

Stress-induced depression-like behaviours in rodents are associated with increases in
proinflammatory cytokines but also with decreases in BDNF and neurogenesis [125–127].
Inflammation and aberrant concentrations of BDNF have been noted in several other psy-
chiatric disorders that are often comorbid with AN, such as PTSD and depression [128–132].
Thus, comorbidities may contribute to neuroinflammation in AN. Similar to in depression,
patients with AN show low levels of BDNF, which generally resolves following weight
restoration [133].

In the acute stages of AN, global decreases in grey matter volume of 4% to 5% are
observed [134,135], which are more apparent in certain structures such as the hippocam-
pus [136]. This region is particularly vulnerable to long-term malnutrition due to its high
levels of neurogenesis [137–140]. Additionally, a loss of white matter is observed [141],
which is more pronounced in adolescents with AN, perhaps resultant from the high vul-
nerability of the brain during development [135]. Generally, the grey and white matter
volumes increase following weight restoration, although they are not always fully nor-
malised [141]. Notably, one study found that white matter volume loss at admission in
adolescents was predictive of recovery at 1 year; the interruption of white matter tract
development as a result of malnutrition may contribute to chronicity [142].

We have speculated in previous publications that the effects of chronic malnutrition
and traumatic events and/or chronic social stress associated with living with AN may
contribute to neuroinflammation and both impaired neuroplasticity and neurogenesis [136].
However, these speculations are yet to be confirmed with robust empirical research, and
many questions remain. Whilst there is little research investigating neurogenesis in human
patients with AN, a study using an activity-based anorexia (ABA) rodent model found
decreases in cell proliferation in the dentate gyrus following three days of ABA [143].

In people with AN, many of these parameters often normalise following weight
restoration and recovery. However, a proportion of patients fail to weight restore (i.e., are
“treatment-resistant”) and thus experience persistent impairments in neuroplasticity, which
is a likely barrier to successful treatment. Targeting neuroplasticity in treatment is likely to
increase its success in both acute and chronic cases of AN.

As aforementioned, the antidepressant effects of ketamine appear to be mediated
by an increased glutamate release [144], which has been linked to downward increases
in BDNF, neurogenesis and synaptic plasticity. Relatedly, a structural MRI study demon-
strated increases in the hippocampal volume following a single dose of ketamine, which
was associated with the treatment response [145]. Additionally, ketamine may mitigate
the effects of chronic stress on the brain [146], as well as associated increases in inflam-
matory markers [33]. Ketamine treatment has been shown to have positive effects on the
neuropsychological parameters of memory and learning, which will be discussed in the
following section.
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6.3. Neuropsychology

Patients with AN often have difficulties in several aspects of cognition that may be
linked to reduced neuroplasticity and hippocampal function, such as memory, learning
and cognitive flexibility. Apparent deficits in memory in AN include overgeneralising auto-
biographical memories [147,148], poor immediate and delayed recall of story details [149],
recall of locations [150] and pattern recognition memory [151]. Patients with AN have a neg-
ative bias when constructing future-directed thoughts compared to healthy controls [152],
which may be related to a negative bias in memory retrieval [153]; it has been hypothesised
that generating future-directed thoughts is reliant on the flexible recombination of events
from the past [154]. Relatedly, adults with AN show selective impairments in aspects of
cognitive flexibility such as task switching, which are also apparent in adults recovered
from AN [155]. Whilst such depletions in cognition may not be at a threshold to be deemed
an “impairment” [155], they may be precipitating or maintaining factors and are likely to
contribute to the significant difficulty in engaging with psychological therapies.

Amongst and related to ketamine’s neurobiological actions, there are several qualities
of ketamine that are likely to address the difficulties in several aspects of neuropsychology
in AN. Ketamine has multifaceted effects on the memory [156], which is contingent on the
dosage and length of use. For example, chronic ketamine abuse is associated with decre-
ments in the episodic memory, working memory and semantic memory, the former two of
which abate following drug cessation [156]. At subanaesthetic doses, ketamine has similar,
albeit transient, effects. These effects have been harnessed in research examining whether
ketamine as an adjunct to exposure therapy can be used to block the reconsolidation of
trauma-related memories [157]. Reconsolidation refers to the process whereby the strength
and course of existing memory traces are modified. Additionally, ketamine can facilitate
extinction learning, which describes the process of a new memory being formed rather
than an existing memory being modified; inhibitory learning is thought to antagonise the
old memory [157]. Our team found preliminary evidence for generalised impairments
in extinction learning in AN [158]. It is possible that ketamine may facilitate extinction
learning against feared foods and food-related situations in patients with AN.

As aforementioned, individuals with AN often experience social anxiety [48]. Previous
research has demonstrated that individuals with eating disorders have a higher vigilance
for social signs of rejection and avoid social rewards [159]. Importantly, this sensitivity to
interpersonal conflict and anxiety around social situations can interfere with the therapeutic
bond and, thus, the outcomes of therapy. Ketamine has been reported to increase the social
functioning of patients with depression, reducing rejection sensitivity, social avoidance,
pessimistic thinking and a bias towards negative information, which facilitates a therapeutic
bond [160].

Ketamine can induce alterations in bodily perceptions, including feelings of lightness
and floating [161,162]. Patients with AN tend to report high levels of cognitive control
and cognitive rigidity [163,164]. Patients also report that their eating disorders often
feel intertwined with their identities [165] and report anguish at physically “taking up
space” [166,167]. Additionally, disconnection from the self, others and the world is core
to AN [168–170]. It is possible that ketamine may have an additional therapeutic impact
for patients with AN by promoting flexibility, ego dissolution, detachment from one’s
internal dialogue and openness to experiences [162]. Moreover, the mystical and spiritual
experiences that often manifest during ketamine treatment [162] may enable patients to
connect with their spirituality and alter their perceptions of both themselves in the context
of the wider world and of the universe itself.

7. Ketamine as a Treatment for Anorexia Nervosa

7.1. Current Research

To date, there have been few studies investigating the therapeutic use of ketamine for
AN, most of which have been case series or reports. Table 2 provides an overview of the
study characteristics and main findings; all studies found reductions in the main outcome
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measures, including depression scores, suicidality and eating disorder psychopathol-
ogy [171–174]. To date, all investigations of ketamine as a treatment for AN have been
in adult patients. We would recommend that initial RCTs use SE-AN samples, who are
typically adults due to the long duration of the illness as a criterion for inclusion and often
have comorbid depression. However, given that ketamine has been found to alleviate
depression in adolescents [74], future studies may endeavour to use it in a younger sample
of patients with AN.

Table 2. Characteristics and main findings of studies of ketamine as a treatment for patients with eating disorders.

Study [Ref] Study Design N Diagnosis
Administration

Route
Dosage Main Findings

Dechant et al.
[171] Case study 1 SE-AN and

MDD IV R-Ketamine 9 × 0.5 mg/kg
over 40 min

Reduction in depression and
suicidality.

Mills et al. [172] Case series 15 SE-AN IV Ketamine
2–15 ×

20 mg/h for
10 h

9/15 responded to treatment,
with reductions in

depression. and compulsive
starving/eating.

Schwartz et al.
[173] Case series 4 SE-ED and TRD IM/IV

Ketamine
5–9 ×

0.4–0.5 mg/kg

Improvements in depression,
anxiety and eating disorder

psychopathology over
approx. days.

Scolnick et al.
[174] Case study 1 SE-AN and

MDD IV R-Ketamine 4 × 0.75 mg/kg
over 40 min

Reduction in “anorexic
voice” and depression and

full and sustained remission.

Notes: IM = intramuscular, IV = intravenous, MDD = major depressive disorder, N = number, SE-AN = severe-enduring anorexia nervosa,
SE-ED = severe-enduring eating disorders and TRD = treatment-resistant depression.

In all studies, no severe side effects were reported beyond those expected (e.g., tran-
sient headaches, mild nausea and sedation). However, as off-label, small and uncontrolled
trials, these studies provided only preliminary evidence for its efficacy. To date, there
have been no well-controlled feasibility studies using a large sample, although there is a
pilot double-blinded crossover trial of oral ketamine versus midazolam registered on the
Australian New Zealand Clinical Trials Registry (REG: ACTRN12618001393246p).

7.2. Side Effects and Safety Concerns

There are specific safety concerns when investigating pharmacological interventions
for AN. Liver enzyme abnormalities, such as elevations in liver transaminases, are associ-
ated with a lower body mass index (BMI) and hypoglycaemia [175]. Repeated high doses
of ketamine and prolonged ketamine abuse have been associated with hepatotoxicity and
liver injury [176]. Whilst this causal pathway is not fully understood, it may be related to
lipid peroxidation (oxidative damage) [177]. Liver function tests are therefore a necessary
precursor to ketamine treatment in AN.

Moreover, upper and lower urinary tract dysfunctions are present in approximately
20–40% of recreational ketamine users [178–180], which tend to be discontinued following
the cessation of ketamine use. There is a dose–response relationship between ketamine
use and the probability of lower urinary tract symptoms, meaning that long-term usage
may be a concern. This is a particular concern, as renal complications have been observed
in patients with AN [181]. Thus, patients should be asked about polydipsia, haematuria,
incontinence and pelvic pain; indicators of renal function in the blood (e.g., albumin to
a creatinine ratio and glomerular filtration rate) should be monitored, and abnormalities
would warrant the cessation of ketamine.

Cardiac complications/abnormalities are a notable feature of AN. For example, hy-
pokaemia can be a consequence in patients who use self-induced vomiting as a compen-
satory behaviour to manage weight gain. This, in turn, can lead to prolonged QT intervals,
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markers of arrhythmias. Other cardiac complications include bradycardia/tachycardia,
congestive heart failure and hypotension. Ketamine administration is associated with
transient increases in the blood pressure and heart rate. The use of psychostimulants (e.g.,
amphetamines, methylphenidate, modafinil and armodafinil) should not be permitted,
as they increase blood pressure. Moreover, patients on concomitant monoamine oxidase
inhibitors (MAOIs) should have their blood pressure monitored closely, since MAOI usage
has been reported to increase blood pressure [182]. Completing an ECG and measuring elec-
trolytes prior to treatment may be recommended. Recent cardiovascular events or clinically
significant cardiovascular conditions are also a specific contraindication of ketamine.

Other identified key side effects of ketamine include transient dissociative states, se-
dation, nausea and vomiting, dysgeusia (alterations in taste) and hypoesthesia (changes in
touching sensation). Dissociation is more common in people with comorbid PTSD, which is
likely due to it already being a feature of the disorder. Patients with comorbid PTSD should
therefore be closely monitored, and studies should administer the Clinician Administered
Dissociative States Scale (CADSS [183]) to investigate the incidence of dissociation in AN
following ketamine treatment. The “setting” of the room should promote feelings of calm
and relaxation, minimising bright lights and too many stimuli, and encouraging patients
to focus on music and pleasant thoughts.

Psychosis may be a contraindication for ketamine; ketamine can induce psychotic
episodes in people that have schizophrenia [184]. Sedation is more of a risk if patients are
on opioids or benzodiazepines; thus, this should be considered when patients are screened
for treatment. Nausea, vomiting and dysgeusia may be specific concerns in the context of
AN, since they have the potential to be triggers. This will need to be examined closely in
future research, although the aforementioned studies conducted so far have not indicated
any of the above to be particular concerns.

8. Future Perspectives

AN is a particularly hard-to-treat population, and pharmacological trials in AN often
suffer from a high dropout rate. People with AN have reported specific concerns around
pharmacological interventions, such as fears around drug-instigating weight gain [185].
However, patients also report wanting medication to alleviate anxiety, eating disorder
thoughts, poor concentration and sleep problems [185]. A recent survey conducted on
200 participants with eating disorders (n = 105 with AN) investigated views on psychedelic
drugs as a treatment for eating disorders [186]. Approximately half of the participants
expressed interest in participating in psychedelic interventional research in the context of
various concerns. The concerns were mitigated when the participants were informed that
esketamine was licensed for the treatment of treatment-resistant depression. Importantly,
this survey highlighted important methodological considerations, including the need for
collaboration with service users and those with lived experience in the design of trials.
The participants emphasised the need for a safe, professional and controlled environment
during the dosing, a good rapport with the research team, trust in the trial and trial team
and the provision of psychoeducation about psychedelic drugs. They also emphasised
the need for psychological preparation before the session and an assessment of the “set”.
Importantly, a third of the overall group reported that they would never take part in such
research. Thus, establishing an ongoing dialogue with service users will be an essential
consideration in the design of clinical trials.

Overall, it is apparent that future studies should first aim to establish a safety profile
of ketamine for AN through well-controlled feasibility and pilot studies. The outcome mea-
sures should be agreed upon with service users. Investigational studies of neuromodulation
(e.g., transcranial magnetic stimulation and deep brain stimulation) in severe-enduring AN
have found proximal improvements in depression, with improvements in eating disorder
psychopathology and weight taking 12–18 months to emerge [187–189]. Therefore, whilst
the BMI is often the metric of success in interventional trials in AN, for patients with
severe-enduring AN where weight gain is slow, other metrics of improvement such as
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depression scores, social connectedness and quality of life should be considered, and long
follow-up periods should be implemented. Given the hypothesised role of ketamine in
providing a window of neuroplasticity, it will be essential that ketamine is combined with
psychotherapy in future trials. Whilst the antidepressant effects of ketamine are transient,
there is emerging evidence that psychotherapies (such as CBT) can extend the duration of
antidepressant effects [190]. Additionally, the experiential components of ketamine may
facilitate the therapeutic bond between patient and clinician [160], which is known to be a
predictor of response to treatments [191].

Ketamine-assisted therapy generally follows a three-stage process: (1) preparation,
where the patient and client discuss the mindset going into the experience, treatment goals
and expectations and set intentions; (2) dosing, where patients are given the ketamine
administration; and (3) integration, where the ketamine experience is reflected upon, and
insights/lessons gained during the experience are integrated into the self. In the treatment
of AN, it may be useful to combine specific therapeutic strategies with ketamine, such as
compassion-based meditation exercises, yoga, cognitive bias modifications and exposure
therapies. Similarly, specific therapeutic approaches may work well with ketamine, such
as compassion-focused therapy, the Maudsley Model of Anorexia Treatment for Adults
(MANTRA), family-based interventions and other psychotherapies. However, it is impor-
tant to note that a “one size fits all” approach is unlikely to be successful, and treatments
should be tailored to the individual.

9. Conclusions

The current treatment options for AN show limited efficacy, and addressing severe-
enduring cases presents a particular challenge to clinicians and researchers. This review
gave an overview of a conceptual rationale for the use of ketamine in the treatment of
AN. Ketamine has proven to be an effective treatment for a range of psychiatric disorders,
including depression, anxiety disorders, addiction and PTSD. Relatedly, it was recently
licensed for treatment-resistant depression as a nasal spray esketamine device. In AN, there
are several compelling reasons for its application, which were discussed. Ketamine may
promote neuroplasticity, neurogenesis and hippocampal volume, and mitigate neuroin-
flammation. As a rapid antidepressant, ketamine may also reduce depression in patients
with AN, which may be a barrier to treatment. In combination with therapies, it may also
promote cognitive flexibility, openness, open-mindedness and detachment from the self
whilst also promoting a therapeutic bond. However, there are specific safety concerns that
require consideration in the treatment of AN with ketamine, and future studies designed in
collaboration with service users are warranted in order to establish its efficacy, acceptability
and safety.
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Anorexia Nervosa (AN) represents a difficult therapeutic challenge, with up to 4%
prevalence among females and increasing incidence among youth [1]. Approved phar-
maceutical treatments are virtually absent, and emerging treatments [2] have not been
translated in therapeutic options, setting the scene for clinicians’ frustration [3]. Testing
novel treatments, approved for frequent comorbidities of AN—for example depression—
would seem reasonable, expecting that they might be effective on symptoms of AN.

Keeler et al. consider the case of using ketamine, currently approved for treatment-
resistant depression, as a therapeutic option for severe, enduring AN, and describe the
glutamergic and neuroplastic effects of the drug [4]. Taking this line of thought further, one
could also consider the possible trial of other glutamatergic agents as effective for eating
disorders, which could be lamotrigine, or vortioxetine.

Lamotrigine is a phenyltriazine thought to reduce excess glutamate release, as a result
of blocking voltage-sensitive sodium channels, and subsequent influx of sodium ions [5].
Further, it has antiaspartate, antikindling, neuroprotective and procognitive effects, and
exerts weak 5-HT3 antagonism [6]. Being a first-line agent for acute bipolar depression
and depressive relapse prophylaxis, it is also used for treatment resistant schizophrenia,
treatment resistant OCD, unipolar depression, PTSD, depersonalization disorder, affective
dysregulation and behavioral dyscontrol, all of which are frequently encountered in the
context of AN [6]. Efficacy is coupled with a favorable side effect profile, except for serious
rash; a careful, slow titration can mitigate this risk.

Vortioxetine is a novel antidepressant drug, exhibiting serotonin transporter inhibition,
5-HT-1A agonism, 5-HT-1B partial agonism, and 5-HT-1D, 5-HT-3, 5-HT7 antagonism.
The blockade of 5-HT-3 receptors on GABA interneurons is responsible for the increase of
glutamate in the prefrontal cortex and hippocampus, thus enhancing neuroplasticity and
ultimately showing procognitive and antidepressant actions [7]. Its unique pharmacody-
namic profile is shown by its superior efficacy regarding cognitive symptoms—attention,
memory, processing speed and executive deficits—as well as generally benign adverse
effects [8]. Particularly, apart from treating comorbid depression, promoting cognitive flexi-
bility with vortioxetine could be of substantial relevance for the fixed distorted self-image,
calorie intake and weight preoccupations of anorexic patients.

To my knowledge, there are no studies testing the efficacy of lamotrigine or vortioxe-
tine for eating disorders except for scarce reports of lamotrigine [9,10]. The advantages of
both drugs are their neuroplastic and procognitive actions, along with excellent tolerance,
at a lower cost than intranasal ketamine, which would have to be used in a hospital or
specialized setting. Still, the hypothetical efficacy of all remains to be tested, either each
alone or in combination. In the end, for a potentially lethal, disabling, chronic disorder
with practically no available pharmaceutical treatments, such as severe and enduring AN,
we seem to need all the help we can get.
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In response to our narrative review, which suggested the use of the glutamatergic
n-methyl-D-aspartate (NMDA) receptor antagonist ketamine as a potential treatment for
anorexia nervosa (AN) [1], Maria Skokou posed the question whether other glutamatergic
medications (e.g., lamotrigine) might be effective in the treatment of eating disorders in
general [2]. Therefore, we would like to develop the idea further that the glutamate system
might be of relevance for the pathophysiology and the treatment of eating disorders.

Glutamate is the most common neurotransmitter in the central nervous system, as it is
present in more than 80% of synapses in the brain. Glutamate unfolds its excitatory effects
at synaptic and non-synaptic receptors on the membranes of neuronal and glial cells. Its
receptors are important for synaptic transmission, plasticity, and development, learning
and memory [3]. They can be categorised into voltage-sensitive ionotropic receptors such
as NMDA, kainate, and alpha-amino-3-hydroxyl-5-methyl-4-isoxazole-propionate (AMPA)
receptors and ligand-sensitive metabotropic glutamate receptors (mGluRs) [4]. Changes in
glutamatergic signalling have been implicated in the pathophysiology of major psychiatric
disorders such as depression, schizophrenia and autism spectrum disorder [5]. Glutamate
receptors have specifically been suggested to be involved in the development of eating
disorder symptoms. NMDA receptors have been implicated in the control of appetite and
food preference [6]; and alterations in mGluRs, NMDA and AMPA receptors have been
related to addictive behaviours towards food [7,8].

Various drugs and medications influence glutamate signalling including the follow-
ing: the stimulant modafinil; the anaesthetic ketamine; the anxiolytic and antibiotic drug
d-cycloserine; the novel antipsychotic lumateperone, antiepileptic drugs such as lamot-
rigine and topiramate; the antidementive drug memantine; the anti-craving medication
acamprosate (e.g., [9]).

Some of these drugs have been tested in people with eating disorders, e.g., d-cycloserine,
which is a partial agonist at the glycine recognition site of the glutamatergic NMDA re-
ceptor, as well as topiramate and lamotrigine, which both decrease glutamate release and
signalling [10].

For d-cycloserine, we have conflicting results from small studies. Steinglass and
colleagues [11] tested the administration of d-cycloserine before meal-exposure in AN.
However, caloric intake did not increase. A similar trial by Levinson and colleagues [12]
with a one-month follow-up resulted in an increase in body mass index under d-cycloserine
compared to the placebo group.
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Skokou [2] already mentioned the small case series which tested lamotrigine in peo-
ple with bulimia nervosa (BN) [13,14], where lamotrigine treatment was associated with
reductions in eating disorder symptoms. People with BN often experience problems with
their mood, affect and impulsiveness. A recent study showed that the combination of
lamotrigine and dialectical behaviour therapy (DBT) helps patients with bulimic-spectrum
eating disorders regarding affective lability and impulsive behaviour [15]; in addition, it
has been suggested that lamotrigine is helpful in co-morbid bipolar depression in people
with BN and binge eating disorder (BED) [16].

However, the currently most promising glutamatergic agent in eating disorders seems
to be topiramate. Two independent RCTs [17–19] showed superiority of topiramate to
placebo in reducing the frequency of binge eating episodes and compensatory measures
(e.g., vomiting and use of laxatives) in patients with BN. In BED, a large multi-centre, RCT
with 407 patients [20] showed that topiramate significantly reduces binge eating frequency,
leads to weight loss and improves BED symptoms compared to placebo. Two smaller
RCTs [21,22] yielded similar findings. AN is a contraindication for topiramate though,
because it leads to weight loss.

Taken together, we agree with Skokou [2] that the glutamate system might be highly
relevant for the treatment of eating disorders. As explained in our previous paper [1],
we particularly believe that ketamine might lead to a breakthrough in the pharmaco-
logical treatment of AN. Additionally, glutamatergic agents may help with psychiatric
co-morbidities of people with eating disorders.

Funding: This research received no external funding.

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

References

1. Keeler, J.L.; Treasure, J.; Juruena, M.F.; Kan, C.; Himmerich, H. Ketamine as a Treatment for Anorexia Nervosa: A Narrative
Review. Nutrients 2021, 13, 4158. [CrossRef] [PubMed]

2. Skokou, M. Comment on Keeler et al. Ketamine as a Treatment for Anorexia Nervosa: A Narrative Review. Nutrients 2021,
13, 4158. Nutrients 2022, 14, 2118. [CrossRef]

3. Riedel, G.; Platt, B.; Micheau, J. Glutamate receptor function in learning and memory. Behav. Brain Res. 2003, 140, 1–47. [CrossRef]
4. Stevens, L.; Rodin, I. Introduction to Drug Treatments. In Psychiatry, 2nd ed.; Stevens, L., Rodin, I., Eds.; Churchill Livingstone:

Edinburgh, UK, 2011; pp. 20–21.
5. Olloquequi, J.; Cornejo-Córdova, E.; Verdaguer, E.; Soriano, F.X.; Binvignat, O.; Auladell, C.; Camins, A. Excitotoxicity in the

pathogenesis of neurological and psychiatric disorders: Therapeutic implications. J. Psychopharmacol. 2018, 32, 265–275. [CrossRef]
[PubMed]

6. Sasaki, T.; Matsui, S.; Kitamura, T. Control of appetite and food preference by NMDA receptor and its co-agonist d-serine. Int. J.
Mol. Sci. 2016, 17, 1081. [CrossRef]

7. Hadad, N.A.; Knackstedt, L.A. Addicted to palatable foods: Comparing the neurobiology of Bulimia Nervosa to that of drug
addiction. Psychopharmacology 2014, 231, 1897–1912. [CrossRef]

8. Yohn, S.E.; Galbraith, J.; Calipari, E.S.; Conn, P.J. Shared Behavioral and Neurocircuitry Disruptions in Drug Addiction, Obesity,
and Binge Eating Disorder: Focus on Group I mGluRs in the Mesolimbic Dopamine Pathway. ACS Chem. Neurosci. 2019, 10,
2125–2143. [CrossRef]

9. Olive, M.F.; Cleva, R.M.; Kalivas, P.W.; Malcolm, R.J. Glutamatergic medications for the treatment of drug and behavioral
addictions. Pharmacol. Biochem. Behav. 2012, 100, 801–810. [CrossRef]

10. Czapinski, P.; Blaszczyk, B.; Czuczwar, S.J. Mechanisms of action of antiepileptic drugs. Curr. Top. Med. Chem. 2005, 5, 3–14.
[CrossRef]

11. Steinglass, J.; Sysko, R.; Schebendach, J.; Broft, A.; Strober, M.; Walsh, B.T. The application of exposure therapy and D-cycloserine
to the treatment of anorexia nervosa: A preliminary trial. J. Psychiatr. Pract. 2007, 13, 238. [CrossRef]

12. Levinson, C.A.; Rodebaugh, T.L.; Fewell, L.; Kass, A.E.; Riley, E.N.; Stark, L.; McCallum, K.; Lenze, E.J. D-Cycloserine facilitation
of exposure therapy improves weight regain in patients with anorexia nervosa: A pilot randomized controlled trial. J. Clin.
Psychiatry 2015, 76, 4033. [CrossRef] [PubMed]

13. Trunko, M.E.; Schwartz, T.A.; Berner, L.A.; Cusack, A.; Nakamura, T.; Bailer, U.F.; Chen, J.Y.; Kaye, W.H. A pilot open series of
lamotrigine in DBT-treated eating disorders characterized by significant affective dysregulation and poor impulse control. Bord.
Personal. Disord. Emot. Dysregulation 2017, 4, 21. [CrossRef] [PubMed]

14. Trunko, M.E.; Schwartz, T.A.; Marzola, E.; Klein, A.S.; Kaye, W.H. Lamotrigine use in patients with binge eating and purging,
significant affect dysregulation, and poor impulse control. Int. J. Eat. Disord. 2014, 47, 329–334. [CrossRef] [PubMed]

264



Nutrients 2022, 14, 2119

15. Reilly, E.E.; Berner, L.A.; Trunko, M.E.; Schwartz, T.; Anderson, L.K.; Krueger, A.; Yu, X.; Chen, J.Y.; Cusack, A.; Nakamura, T.
Evaluating the use of lamotrigine to reduce mood lability and impulsive behaviors in adults with chronic and severe eating
disorders. Eat. Weight. Disord. Stud. Anorex. Bulim. Obes. 2022, 1–11. [CrossRef] [PubMed]

16. Himmerich, H.; Kan, C.; Au, K.; Treasure, J. Pharmacological treatment of eating disorders, comorbid mental health problems,
malnutrition and physical health consequences. Pharmacol. Ther. 2021, 217, 107667. [CrossRef] [PubMed]

17. Hedges, D.W.; Reimherr, F.W.; Hoopes, S.P.; Rosenthal, N.R.; Kamin, M.; Capece, J.A. Treatment of bulimia nervosa with
topiramate in a randomized, double-blind, placebo-controlled trial, part 2: Improvement in psychiatric measures. J. Clin.
Psychiatry 2003, 64, 21395. [CrossRef] [PubMed]

18. Hoopes, S.P.; Reimherr, F.W.; Hedges, D.W.; Rosenthal, N.R.; Kamin, M.; Karim, R.; Capece, J.A.; Karvois, D. Treatment of
bulimia nervosa with topiramate in a randomized, double-blind, placebo-controlled trial, part 1: Improvement in binge and
purge measures. J. Clin. Psychiatry 2003, 64, 1335–1341. [CrossRef]

19. Nickel, C.; Tritt, K.; Muehlbacher, M.; Pedrosa Gil, F.; Mitterlehner, F.O.; Kaplan, P.; Lahmann, C.; Leiberich, P.K.; Krawczyk, J.;
Kettler, C. Topiramate treatment in bulimia nervosa patients: A randomized, double-blind, placebo-controlled trial. Int. J. Eat.
Disord. 2005, 38, 295–300. [CrossRef]

20. McElroy, S.L.; Hudson, J.I.; Capece, J.A.; Beyers, K.; Fisher, A.C.; Rosenthal, N.R.; Group, T.B.E.D.R. Topiramate for the treatment
of binge eating disorder associated with obesity: A placebo-controlled study. Biol. Psychiatry 2007, 61, 1039–1048. [CrossRef]

21. Claudino, A.M.; de Oliveira, I.R.; Appolinario, J.C.; Cordás, T.A.; Duchesne, M.; Sichieri, R.; Bacaltchuk, J. Double-blind,
randomized, placebo-controlled trial of topiramate plus cognitive-behavior therapy in binge-eating disorder. J. Clin. Psychiatry
2007, 68, 4857. [CrossRef]

22. McElroy, S.L.; Arnold, L.M.; Shapira, N.A.; Keck, P.E., Jr.; Rosenthal, N.R.; Karim, M.R.; Kamin, M.; Hudson, J.I. Topiramate in the
treatment of binge eating disorder associated with obesity: A randomized, placebo-controlled trial. Am. J. Psychiatry 2003, 160,
255–261. [CrossRef] [PubMed]

265





MDPI
St. Alban-Anlage 66

4052 Basel
Switzerland

Tel. +41 61 683 77 34
Fax +41 61 302 89 18

www.mdpi.com

Nutrients Editorial Office
E-mail: nutrients@mdpi.com

www.mdpi.com/journal/nutrients





ISBN 978-3-0365-7465-3 

MDPI  

St. Alban-Anlage 66 

4052 Basel 

Switzerland

Tel: +41 61 683 77 34

www.mdpi.com


	A9R1u3vjpj_eqwucu_dqg
	Eating Disorders and Obesity Through the Life Course.pdf
	A9R1u3vjpj_eqwucu_dqg.pdf

