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Claudia Hübner and Lisa Schäfer
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Abstract: Public health concerns largely have disregarded the important overlap between eating
disorders and obesity. This Special Issue addresses this neglect and points to how progress can be
made in preventing and treating both. Thirteen primary research papers, three reviews, and two
commentaries comprise this Special Issue. Two commentaries set the scene, noting the need for an
integrated approach to prevention and treatment. The empirical papers and reviews fall into four
broad areas of research: first, an understanding of the neuroscience of eating behaviours and body
weight; second, relationships between disordered eating and obesity risk; third, new and integrated
approaches in treatment; and fourth, assessment. Collectively, the papers highlight progress in
science, translational research, and future research directions.

Keywords: bulimia nervosa; binge eating disorder; weight; dieting; treatment

1. Introduction

Public health concerns over the rising health toll resulting from weight disorders have become
increasingly strident. However, as outlined in the two commentaries of this Special Issue [1,2],
the concomitant mental health toll is largely ignored despite well-researched links between the
physical and mental health of people living with larger bodies. Disordered eating is both an important
risk and a perpetuating factor for obesity, often mediated through psychological states such as low
mood or negative affect. Likewise, psychological concomitants of high Body Mass Iindex (kg/m2;
BMI) such as body dissatisfaction and weight stigma contribute to the increasing burden of eating
disorders worldwide.

Thirteen primary research papers, three reviews, and two commentaries comprise this Special
Issue. The two commentaries set the scene, calling for an integrated approach to the prevention [1]
and treatment [2] of both problems. The primary papers and reviews fall into four broad areas of
research: first, an understanding of the neuroscience of eating behaviours and body weight across the
biopsychosocial and cultural spectrum; second, an exploration of relationships between disordered
eating and obesity risk; third, new and integrated approaches in the treatment of obesity and eating
disorders; and fourth, assessment in research and clinical domains.

2. Understanding the Neuroscience of Eating Behaviors and Body Weight

In this Special Issue, the complexity of eating and its sociodemographic and cultural contexts is
highlighted in papers ranging from investigating the impact of lifestyle and health literacy in the Roma
peoples of the Czech Republic [3] to demonstrating the relationships between family functioning and
obesogenic nutrient consumption [4]. In a systematic review of 20 papers [5], there was suggestive

Nutrients 2019, 11, 1055; doi:10.3390/nu11051055 www.mdpi.com/journal/nutrients1
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but inconclusive support for associations among some food-related parenting practices and parental
high BMI.

In neurocognitive research, Edwards et al. [6] found longer electroencephalographic (EEG)
measured reaction times are associated with eating disorder symptoms in individuals with a
high BMI. In a preliminary study, Schmidt et al. [7] reported associations between weight status and
changes in EEG patterns, which correlated with general impulsivity and food approach behaviors.
Smith et al. [8] reported a differential neuronal regulation of binge type eating by a novel mechanism,
neuromedin U Receptor 2 (NMUR2), which points to future treatment research. The systematic review
by Imperatori et al. [9] supported a future role for neural and bio-feedback-based approaches for
disordered eating behaviors, such as food craving or rumination, with a neurocognitive rationale
(modulation of brain reward mechanisms) supported by empirical research.

3. Exploring Relationships between Disordered Eating and Obesity Risk

Several papers investigated how disordered eating may be related to obesity risk. In addition
to socio-demographic factors, Martin-Biggers et al. [10] found higher weight-related teasing, higher
body dissatisfaction, and concern about a child’s weight status significantly explained maternal
obesity risk, which was also associated with food insecurity and poor family food quality. The findings
of Blume et al. [11] support distinct neurocognitive profiles for people with binge eating disorders
(BED) in comparison with people with a high BMI without BED. In addition, they explored the impacts
of food addiction symptoms which are associated with higher levels of depression in individuals
with BED.

The study of special populations and people with problems across the weight spectrum can
inform understanding of mechanisms of weight loss/gain and under/over-eating. Two papers in this
Special Issue highlight such areas for further research. First, the Figel review [12] suggested that
athletes who have suffered spinal cord injuries, who have become sedentary and are at risk of becoming
overweight, may have a higher risk of poor nutrition or becoming undernourished, as seen in people
with eating disorders characterized by weight loss and dietary restriction such as anorexia nervosa.
Plichta et al. [13] investigated body satisfaction and nutrition in students with and without orthorexic
(rigid healthy eating) tendencies. Although orthorexia may represent a new eating disorder, people
with the disorder differ from people with established eating disorders in key ways, particularly in their
relationship with nutrition and attitudes towards their body weight, as exemplified in this study.

4. Treatments Addressing Co-Morbidity and Integrated Care

Bariatric surgery is the leading evidence-based approach in the treatment of obesity, but can it
cause or exacerbate eating disorders through the inevitable state of imposed dietary restriction? In this
Special Issue, Subramaniam et al. [14] reported overall improvement in mental health and eating status
six months post-surgery. However, poor mental health and eating prompted by external cues prior to
surgery were associated with poorer outcomes post-surgery, highlighting the need to actively address
mental health and eating behavior prior to surgery. On the other hand, an effective treatment for bulimia
nervosa or BED, such as cognitive behavior therapy, did little to improve metabolic physical health
status in a randomized controlled trial by Mathisen et al. [15]. Nitsch et al. [16] concluded the Special
Issue with a report on how to improve engagement in a new, online, integrated prevention program
that addresses eating, weight, and mental health of adolescents called “Healthy Teens @ School”.

5. Assessment and Diagnosis

Assessment instruments and clinically relevant diagnostic schemes are important in any field.
Burton et al. [17] evaluated a useful tool, the Eating Beliefs Questionnaire (EBQ), which assesses
negative, positive, and permissive beliefs about eating that can contribute to eating behaviors such as
binge eating. The validated EBQ can now be used in research investigations; for example, the role of
potentially remedial beliefs and behaviors as indicators of obesity and eating disorder risk. Amorim
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Palavaras et al. [18] found that the broader definition of binge eating (with emphasis on loss of control
over eating rather than quantity consumed) in the ICD-11 proved of greater utility without loss of
validity in a clinical population of individuals with high BMI.

6. Conclusions

Collectively, these papers advance the understanding of the complex relationships between weight
and eating problems, from scientific reports to translational research papers. The papers also point to
the urgent need for additional research and collaboration between the two fields, which for too long
have worked in parallel, rarely crossing or meeting. The papers also highlight the ways each field can
learn from the other. To this end, we have initiated a collaborative University White Paper to support a
new national direction, a Centre of Translational Research and Action for Eating and Weight Disorders
(ASTRA—[19]). This White Paper also highlights the need for guidelines on optimal care for people
with both problems. Only with such integrated endeavors can these fields jointly progress.

Author Contributions: P.H. co-conceived and co-wrote the paper, D.M. co-conceived and co-wrote this paper.

Funding: This research received no external funding.
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Abstract: This cross-sectional, exploratory study aimed to (1) develop an obesity risk score using
a comprehensive set of variables assessing mothers’ intrapersonal weight-related characteristics and
those of their homes’ interpersonal and physical environments, and (2) determine how weight-related
characteristics differ by obesity risk level. U.S. mothers (N = 550) of preschool-aged children
completed an online survey that assessed maternal self-report weight status, sociodemographics,
health-related characteristics, and maternal intrapersonal and their homes’ interpersonal and physical
environment weight-related characteristics. Binomial logistic regression analysis identified variables
significantly associated with obesity. Scores for all obesity risk variables were summed to create
a weighted obesity risk score for non-obese participants (n = 386). Analysis of variance and
Tukey post-hoc tests determined how non-obese mothers’ sociodemographic, health-related, and
intrapersonal and their homes’ interpersonal and physical environment characteristics differed among
obesity risk score tertiles. Results revealed that eight variables explained 53 percent of maternal
obesity risk, including African American race, lower education level, more children in household,
poorer maternal health, higher weight teasing history, higher body dissatisfaction, primary relative
with obesity, and greater concern about children’s overweight risk. Non-obese mothers in the highest
obesity risk tertile had greater food insecurity risk, lower family affluence, worse sleep quality,
less fruit/vegetable availability, and reported less frequent modeling of healthy behaviors and more
family conflict. In conclusion, eight characteristics that explained more than half of the risk for
obesity in non-obese mothers of young children, may help healthcare professionals identify mothers
at increased risk of obesity and offer preventive care early.

Keywords: obesity risk; mothers; women; young children; socioecological

1. Introduction

Recent data from the National Health and Nutrition Examination Survey (NHANES) indicate that
nearly 34.9 percent of U.S. adults are obese [1]. It is no longer debated that obesity and its comorbidities
are significantly impacting Americans both in financial and quality of life costs. A systematic review
of 33 studies found that the overall estimated medical costs of obesity accounted for approximately
10 percent of all medical spending in the United States [2]. The physical health consequences of obesity
are numerous and include effects on the pulmonary, orthopedic, neurological, gastroenterological,
endocrine, and cardiovascular systems, as well as causing systemic inflammation, thereby greatly
impacting quality of life [3–6].

The increase in obesity rates in the U.S. likely reflects changes in environmental factors and
lifestyle choices related to increased energy intake and inadequate energy expenditure, rather than

Nutrients 2018, 10, 781; doi:10.3390/nu10060781 www.mdpi.com/journal/nutrients5
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genetic changes because of the slow rate at which population-wide genetic changes occur [7–9].
Changes in lifestyles and the environment that have occurred in tandem with the increase in obesity
include ready availability of food and shifting dietary patterns, which have led to an increase in calorie
intake [10,11], combined with a decline in energy expenditure associated with a sedentary lifestyle [12].
Macro-level factors have a more indirect (yet important) role in influencing behaviors and include
social norms, agriculture policies, economic policies, advertising, and more. Factors that are more
directly influenced by an individual include his or her physical and social environments and personal
factors (e.g., home environment, skills, behaviors).

In recent years, health behavior change experts have recognized the influence of factors in the
physical environment, as well as in the social environment, on obesity and health outcomes [13].
This ecological approach to public health issues posits that an individual’s motivation and skills alone
are not adequate to facilitate behavior change; environments also need to support and facilitate the
practice of healthful behaviors [14–16]. Reciprocal determinism, a construct of the Social Cognitive
Theory, describes how a person’s characteristics and behaviors, as well as the physical and social
environment where behaviors occur, mutually affect each other [17]. Environments not supportive
of weight-management behaviors make it difficult to engage in practices that prevent unhealthy
weight gain. Research has increasingly provided evidence that environmental factors significantly
influence diet, physical activity, and obesity in adults [15,18,19] and children [16,20–22], yet their
relative contribution to obesity risk remains unknown.

The home environment deserves in-depth study given its potential influence on health
behaviors [23]. An understanding of factors in the home environment associated with obesity could
assist healthcare providers, researchers, parents, and caregivers in creating home environments that
support healthy weights for the whole family. Mothers tend to be food gatekeepers in the home and,
thus, are well suited to providing an appraisal of their homes’ social (interpersonal) and physical
environment characteristics [23,24]. Mothers also are children’s role models and often the household
food decision-maker, thus mothers’ own intrapersonal cognitions, behaviors, and weight status play
a role in weight-related decisions affecting the entire family [23,24]. Moreover, behaviors directly
affecting weight are developed during childhood and track into adulthood [25–28], thereby making
it vital to identify factors affecting maternal obesity risk and address them in obesity prevention
interventions. A deeper understanding of the full interplay of intrapersonal and interpersonal
characteristics and behaviors along with environments could provide a more complete picture of the
aspects of the home environment that may place mothers of young children at risk for weight gain.
A method for assessing risk for weight gain could enable health care providers and researchers to
tailor and design more effective nutrition education.

Health experts acknowledge that lifestyles and the environment play a role in obesity risk [29];
however, few studies have considered these factors when examining obesity risk and none could be
located that examined a comprehensive array of factors. Thus, the aims of this exploratory study were
to (1) develop an obesity risk score using a comprehensive set of variables assessing mothers’ own
intrapersonal weight-related characteristics as well as the weight-related characteristics of their homes’
interpersonal and physical environments, and (2) determine how these weight-related characteristics
differ among levels of obesity risk.

2. Materials and Methods

This research was approved by the Institutional Review Board at Rutgers University. All participants
gave informed consent.

2.1. Sample

Survey Sampling International (SSI), a global research company whose services include survey
sample participant recruitment (www.surveysampling.com), was utilized. SSI panel members received
invitations to participate in an online survey that would help researchers create “a program to help

6
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parents to build healthier kids”. The goal was to recruit mothers of children in the target age range who
had most of the food decision-making authority in their households to adequately capture the most
representative responses. To meet eligibility requirements, panel members had to be female, between
18- and 45-years-old, have one or more children 2- to 5-years-old, and be the household’s primary
food gatekeeper (i.e., made most or all food purchasing and preparation decisions). As an incentive to
complete the cross-sectional online survey, participating mothers accrued points from SSI that were
redeemable for gifts. A total sample size of 384 was estimated based on a 95% confidence interval, and
total population of women in the U.S. that are 20–45 years old using 2010 U.S. Census data [30].

2.2. Instrument

Development and content of the online Home Obesogenicity Measure of EnvironmentS (HOMES)
survey is described in detail elsewhere [31–33]. In summary, development began with a comprehensive
literature review to identify salient weight-related demographic, environmental, behavioral, and
psychographic characteristics. Self-report scales assessing these characteristics, preferably those
previously used and validated with a diverse sample of U.S. adults, also were identified. When multiple
scales for assessing a characteristic were found, each was reviewed to determine which was most
relevant to the study sample, easy to administer and score, and had good reliability and validity.
If an instrument assessing a characteristic of interest or fitting the needs of the study could not
be located in the literature, items were developed de novo. For scales with items substantially
modified from their original form or developed de novo, standard processes for developing and
refining scales were applied [34]. That is, experts (n = 5) in subject matter areas appropriate to the scale
content (e.g., nutrition, physical activity, psychology, child development, obesogenic environment),
psychometrics, and survey design iteratively reviewed and refined them to ensure scale clarity and
content validity [34,35]. The items then underwent cognitive testing with participants who were
similar to the study population to assess whether the items were interpreted as intended [35] and to
determine ways to reduce participant burden and increase understandability and acceptability [36].

After refinement, the scales were consolidated into a single survey that was posted online
(using Qualtrics®). The survey was pilot-tested with 48 participants whose characteristics were the
same as those of the target audience for the final study (but were not participants in the final sample) to
gauge completion time, identify further refinements needed to improve clarity and ease of completion,
ensure protocols for scoring of scales were accurate, and conduct preliminary psychometric analyses.
The survey was administered online for ease of data collection and convenience to participants, to help
reduce the potential for social desirability bias that can occur during in-person administration, and to
increase researcher ability to reach individuals who would be otherwise difficult to access (i.e., distance
from researchers or limited time to meet in-person) [37,38].

The HOMES survey included an array of measures that focused on mother’s intrapersonal
weight-related characteristics and their homes’ interpersonal and physical environment characteristics
and yielded 79 variables. Table 1 lists the variables in the HOMES survey considered in the creation
of the obesity risk score, including number of items, possible score range, and Cronbach’s alpha
(when applicable).
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2.3. Sociodemographics and Health-Related Characteristics

Variables addressing maternal sociodemographic data included race/ethnicity, education level,
number of children in the household, family affluence [39,40], maternal employment, and food
insecurity risk [41]. There were eight variables examining health-related characteristics (e.g., general
health status [42,43], health-related quality of life [42,43], depression severity [44], age at birth of first
child, perception of weight teasing history [45], body dissatisfaction [46], primary relative with obesity
and/or obesity.

2.3.1. Weight Status

Self-reported heights and weights of participants were used to calculate body mass index (BMI)
(weight (kg)/(height (m2)). Participants also reported their children’s height, weight, sex, and age
which were used to calculated their children’s BMI percentile [91].

2.3.2. Intrapersonal Characteristics

Mothers’ personal weight-related behaviors (e.g., physical activity level and screentime [47–49],
sleep quality and duration [50,51], fruit/vegetable intake [52–54], percent calories from fat [52–54],
milk intake [55,56], sugar-sweetened beverage intake [55,56]) accounted for eight variables. Scales
evaluating maternal eating styles (e.g., disinhibited eating [57,58], emotional eating [57,58], dietary
restraint eating [57,58], adventurous eating [59–61]) generated four variables. Five variables were
produced from measures of mothers’ self-perceptions (i.e., personal organization [62], need for
cognition [63,64], parenting self-efficacy [65,66], stress management [67], stress management
self-efficacy). Cognitions related to children’s weight (i.e., belief that chubby kids are healthy, concern
about own children’s overweight risk [68]) were assessed with two scales. The value of engaging
in healthy behaviors for self and child (i.e., importance placed on physical activity, encouragement
and facilitation of children’s physical activity, importance of modeling physical activity to children,
frequency of engaging in active play with children, parent modeling of healthy eating, parenting
cognitions and behaviors associated with children’s television viewing) [31,69–72] was examined with
12 measures, each generating a variable.

2.3.3. Home Interpersonal Characteristics

Assessments of mothers’ child feeding behaviors (e.g., food restriction, pressuring,
rewarding) [68–71,73–75] yielded 10 variables. Family meal patterns (e.g., frequency and location of
meals) [70,76–80] resulted in nine variables. Scales assessing family functioning and engagement
(e.g., family support for healthy behaviors [81–83], family conflict and lack of cohesion [84–86],
household organization [87,88]) included five variables.

2.3.4. Home Physical Environment

Appraisal of the home physical environment’s accessibility to and availability of physical activity
and sedentary activity opportunities (e.g., physical activity supports, media devices in the home,
children’s TV accessibility) [69–72,82,89] contributed five variables. Measures of household food
availability (e.g., fruit/vegetables, sugar-sweetened beverages) [52,55,56,90] generated 4 variables.

2.4. Data Analysis

Internal consistencies of all measures, when applicable, were calculated using Cronbach’s alpha.
Descriptive statistics of all variables in the total sample were evaluated in four steps before further
development of the obesity risk score. First, Spearman rank order correlations of all variables, except
mothers’ and children’s weight status, were examined for multicollinearity. In the correlation matrix,
race/ethnicity was categorized into two dichotomous variables (i.e., white or non-white, black or
non-black) and education level was dichotomized into low (some college or less) or high (baccalaureate
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degree or higher). Variables that were intercorrelated (i.e., r > 0.50) were reviewed to select a single
variable from among them to use in further analyses. The criterion for selecting a single variable from
among those that were intercorrelated was that the variable under consideration had to be significantly
correlated (p < 0.05) with maternal BMI. If none of the intercorrelated variables met this criterion,
none were considered in further analyses. If more than one variable met this criterion, the variable
with the highest correlation (absolute value) with maternal BMI was selected. In the second step of
data analysis, binomial logistic regression was conducted to identify variables significantly associated
with obesity. Variables remaining after the first step of the data analysis served as independent
variables. The dependent variable was maternal weight status of obese (i.e., BMI ≥ 30) vs. non-obese
(i.e., BMI ≤ 30). In step three of data analysis, the significant obesity risk variables identified in step
two were again entered into the binomial logistic regression analysis to determine the best model fit
and confirm results. In step four, data for non-obese mothers’ were extracted from the data set and
median scores were calculated for all variables found to be significantly associated with obesity.

To create the weighted obesity risk score, each non-obese mother was assigned a score for each
obesity risk variable found in the regression model, as stated above, to be significantly associated
with obesity. If a participant’s score for an obesity risk variable was above the median for continuous
variables or mothers had the characteristic for dichotomous variables, the score assigned for the variable
was the beta coefficient value generated by the binomial logistic regression (reflecting an increased risk
for obesity); if a particiapant’s score was below the median for continuous variables or mothers did
not have the characteristic for dichotomous variables, thereby indicating reduced obesity risk, a score
of 0 was awarded for that variable. Scores for all obesity risk variables were then summed to yield
a participant’s total weighted obesity risk score.

To determine how non-obese mothers differed by obesity risk level, they were assigned to groups
based on their obesity risk score tertile (i.e., low, moderate, and high risk). ANOVA and Tukey post-hoc
tests were conducted to determine how maternal sociodemographic, health-related, and intrapersonal
and their homes’ interpersonal and physical environment characteristics differed among and between
obesity risk score tertiles. For variables that were statically significant (p < 0.05), effect sizes were
estimated by examining partial Eta squared, Analyses were performed with SPSS software version
24.0 (IBM corporation, Chicago, IL, USA). Given the number of variables investigated, significance
level for main effects was set at 0.01 to reduce the risk of type 1 errors while maintaining sufficient
power. Significance level for post-hoc procedures was set at p < 0.05.

3. Results

Out of 910 participants who responded to the online survey, only 550 participants were eligible
and completed the survey (i.e., 188 did not complete the survey, 96 did not meet inclusion criteria, and
76 had implausible responses (e.g., multiple items had the same answers)) with a survey response
rate of 60%. Most participants (n = 550; mean age 32.25 ± 5.81 SD years) were white (72%) with
some post-secondary education (82%). Nearly all measures had good to excellent internal consistency
as determined by Cronbach’s alpha (see Table 1). Spearman rank order correlation coefficients of
the study variables revealed that several variables were multicollinear. Table 2 lists each group of
multicollinear variables and the variable selected from each group based on the criteria previously
described in the Data Analysis section.
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Table 2. Selection Rationale for Single Variable from Multicollinear Variable Groups.

Multicollinear Variable Group
Variable Most Highly and Significantly Correlated

with BMI Was Retained in Further Analysis

Depression Severity, Health-related Quality of Life,
and Stress Management Health-Related Quality of Life

Disinhibited Eating and Emotional Eating Emotional Eating

Importance of Physical Activity for Self with (1)
Maternal Physical Activity Level and (2) Importance
of Modeling Physical Activity to Child

Importance of Physical Activity for Self

Encourages/Facilitates Child Physical Activity with
(1) Importance of Physical Activity for Child and (2)
Importance of Modeling Physical Activity to Child

Encourages/Facilitate Child Physical Activity (Note:
Importance of Modeling Physical Activity to Child
had a higher correlation with BMI; however, it could
not be selected because it is intercorrelated with
Importance of Physical Activity for Self; see above)

Models Physical Activity to Child Frequently with (1)
Maternal Physical Activity Level and (2) Mother:
Child Co-Physical Activity

Models Physical Activity to Child Frequently

Instrumental Feeding Practices and Non-Food
Rewards Instrumental Feeding Practices

Allows Child to Independently Access Nutrient
Dense Foods and Nutrient Dense Foods Stored in
Locations Visible to Child

Neither variable was significantly correlated with
BMI (none included)

Allows Child to Independently Access Low Nutrient
Density Foods and Low Nutrient Dense Foods Stored
in Locations Visible to Child

Low Nutrient Dense Foods Stored in Locations
Visible to Child

Family Meals Eaten at Kitchen or Dining Table and
TV on During Family Meals Family Meals Eaten at Kitchen or Dining Table

Positive Family Meal Atmosphere and Household
Disorganization

Neither variable was significantly correlated with
BMI (none included)

Importance of Family Meals and Time and Energy for
Family Meals Importance of Family Meals

Household Fruit and Vegetable Availability with (1)
Fruit and Vegetable Intake and (2) Household
Sugar-sweetened Beverage Availability

Household Fruit and Vegetable Availability

Of the original 79 variables examined, scores for the 62 variables that were not highly
intercorrelated were retained for further analysis. Binomial logistic regression on the dichotomous
dependent variable of non-obese (n = 386) vs obese (n = 164) weight status revealed that all of the
variables combined explained 64 percent of maternal obesity risk, with 12 of the variables being
significantly associated with obesity risk. The 12 significant obesity risk variables were retained
and again subjected to binomial logistic regression resulting in a final model with 8 variables
explaining 53 percent of maternal risk for obesity (Table 3). Three of the obesity risk variables
were dichotomous variables (i.e., being black or African American, having lower education level,
having a primary relative with a history of obesity) and five were continuous variables (i.e., larger
number of children in household, poorer general health rating, higher perceived weight teasing history,
greater body dissatisfaction, more concern about their children’s overweight risk). Using the variable
scoring procedure described in the Data Analysis section, the weighted obesity risk score averaged
1.66 ± 0.98 SD and ranged from 0 to 5.49.
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Table 3. Binomial Logistic Regression of Variables Associated with Maternal Obesity (n = 550).

Dependent Variable: Maternal Obesity †

Independent Variables B ‡ SE # Odds Ratio 95% CI p-value

Race (black or African American) 1.25 0.41 3.48 (1.56, 7.70) 0.002
Education Level (some college or less) 0.61 0.26 1.83 (1.09, 3.07) 0.021
Number of Children in Household 0.32 0.12 1.38 (1.08, 1.75) 0.010
General Health Rating a 0.89 0.17 2.43 (1.73, 3.41) <0.001
Perception of Weight Teasing History 0.52 0.11 1.69 (1.35, 2.11) <0.001
Body Dissatisfaction 0.91 0.14 2.29 (1.91, 3.25) <0.001
Primary Relative with History of Obesity 0.71 0.25 2.04 (1.25, 3.23) 0.004
Concern for Child’s Overweight Risk 0.28 0.13 1.32 (1.03, 1.69) 0.026
R
Cox and Snell R Square 0.374
Nagelkerke R Square 0.531
Tests of Model Coefficients DF * χ2 p-value

8 257.92 <0.001
‡ Beta coefficient. * DF = Degrees of Freedom. # Standard Error. † Maternal obesity defined at body mass index ≥ 30.
a Higher scores indicate poorer perceptions of health status.

ANOVA and Tukey post-hoc tests comparing obesity risk scores by tertiles, as shown in Table 4,
revealed significant differences (p < 0.001) among low-, moderate-, and high risk groups with a large
effect size (i.e., η2 = 0.833) for the obesity risk score, as estimated by partial Eta squared. A review
of the characteristics related to sociodemographic variables, weight status, and health showed that
non-obese mothers in the low obesity risk tertile had significantly higher family affluence (p < 0.001),
lower food security risk (p = 0.006), and higher BMIs (p < 0.001) than those in the high obesity risk
tertile. Additionally, the high obesity risk tertile reported significantly more days of “not good” health
in the past month (p < 0.001), younger age at birth of first child (p = 0.007), and higher depression
severity (p < 0.001) compared with those in lower obesity risk tertiles. There were no significant child
BMI percentile differences among obesity risk tertiles although there was an increasing trend.

An examination of maternal intrapersonal characteristics showed that those in the high obesity risk
tertile were significantly more likely to report worse sleep quality (p < 0.001), greater emotional eating
(p < 0.001), perceive themselves as having less personal organization (p < 0.001), lower confidence in
parenting (p = 0.004), and poorer stress management skills (p < 0.001) than those in the lower obesity
risk tertiles. Compared to the high obesity risk tertile, mothers in the low obesity risk tertile were
significantly more likely to value the importance of physical activity for self (p < 0.001) and child
(p = 0.006), value the importance of modeling physical activity (p = 0.01), frequently model physical
activity (p < 0.001) and less frequently model sedentary activity (p = 0.007), model healthy eating
(p = 0.003), and place more child limits on children’s TV program choices (p = 0.01). None of the other
intrapersonal characteristics differed significantly among obesity risk tertile groups.

The only interpersonal characteristics that differed significantly among obesity risk tertile groups
were the frequency of family meals eaten at the kitchen or dining table and family conflict and lack of
cohesion. That is, mothers in the high obesity risk tertile reported eating significantly (p = 0.006) fewer
family meals at a kitchen or dining table and had more family conflict and less cohesion (p = 0.005)
compared with those in the low obesity risk tertile.

Household fruit and vegetable availability was the only home physical environment characteristic
that differed significantly among obesity risk tertiles. That is, mothers in the low obesity risk tertile
had greater household availability of fruits and vegetables (p = 0.013) than those in the high obesity
risk tertile. Estimated effect sizes, as determined by partial Eta squared, for the significantly different
intrapersonal, interpersonal, and home environment characteristics were low.
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4. Discussion

This study developed an obesity risk score for non-obese mothers of young children using
a comprehensive array of sociodemographic and weight-related intrapersonal, interpersonal, and
home environmental characteristics. The eight characteristics comprising the obesity risk score may
help health professionals identify non-obese mothers with young children at increased risk for obesity
and provide early obesity prevention intervention.

The eight independent variables identified in this study explained over half of maternal risk
for obesity have been shown in other studies to be strongly associated with obesity. That is, women
of African American race are more likely to be overweight or obese than other racial and ethnic
groups [1]; lower education attainment is associated with overweight and obesity [1,83]; obese adults
have more chronic disease [92,93] and report poorer health [94]; obese women are more likely to report
being teased growing up [95,96]; and body shape dissatisfaction is associated with overweight and
obesity [97,98]. The study reported here also provides insight into variables that are associated with
obesity which are not changeable through nutrition and health promotion programs (e.g., race, family
history, affluence), and those which are, yet are rarely targeted in nutrition education interventions
(e.g., family conflict, body dissatisfaction).

Examining non-obese mothers by high, moderate, and low obesity risk tertiles provided
an efficient means for exploring how risk level was associated with interpersonal, intrapersonal,
and environmental characteristics. Several sociodemographic variables, health-related assessments,
and intrapersonal, and interpersonal characteristics were associated with high obesity risk score among
non-obese mothers whereas home physical environment factors tended to not be associated with
obesity risk. Trends in sociodemographic and health-related characteristics noted among participants
at high risk for obesity (e.g., food insecurity, lower family affluence, more unhealthy days in past
month, and greater depression severity) mirror national data [1,83]. For instance, mothers in the high
obesity risk group reported less family affluence and greater depression severity, which is consistent
with literature indicating obesity rates are higher among adult women with low socio-economic
status [99] and obese women are more likely to suffer from depression (although this association may
be bi-directional) [100,101].

High obesity risk mothers did not significantly differ from lower obesity risk moms in their
physical activity and screentime behaviors possibly because at risk, but not obese, women are not yet
hindered by their weight interfering with their activity level. These findings suggest that activity level
may not be a significant risk factor for maternal obesity but is associated with obesity weight status,
raising the question of reverse causality. That is, are obese mothers inactive and more sedentary [102]
because their weight inhibits physical activity instead of inactivity causing weight gain; or, are there
other factors contributing to these relationships, such as the environmental supports for physical
activity? Environments that promote access to and availability of physical activity are associated with
more physical activity behaviors [103–107]. However, a recent systematic review has found inconsistent
results in the associations between the built physical environment and obesity in adults [108], perhaps
due to the great variation in metrics used and differing contexts of prior studies [108].

There is growing interest in the associations of sleep duration and quality with weight [109].
In the present study, poor sleep quality was significantly more prevalent in high obesity risk mothers.
Although non-significant, the number of total hours slept each night linearly decreased as obesity risk
increased, with those in the high obesity risk group receiving less than the recommended total sleep
hours per night for adults of 7 to 9 h [110]. These findings suggest the need for continued investigation
of the mechanisms of how sleep may be related to weight gain, and indicate the importance of including
sleep management in weight-management interventions.

A linear trend showed that high obesity risk mothers were less active with their children
and allowed children to have more minutes of screentime daily than lower obesity risk mothers.
This finding is similar to reports of associations between maternal characteristics, child activity,
and sedentary behaviors [111,112], and further highlights the importance of maternal modeling,
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encouraging, and facilitating physical activity for their children [69]. Not surprisingly, low obesity
risk mothers engaged in significantly more modeling of both physical activity and less sedentary
behaviors. Additionally, mothers at low obesity risk were less likely to model unhealthy emotional
eating behaviors for their children. Parents and caregivers act as powerful socialization agents and
serve as models of eating that children learn to emulate [113]. Future work should explore how
low obesity risk mothers’ modeling of healthy behaviors affects the health and weight status of
their children.

Home food availability, parental diet, and family eating habits are associated with diet quality of
children [114,115]. In this study, high obesity risk moms had less household availability of fruits and
vegetables and ate fewer family meals at a kitchen or dining room table which may have influenced
their child’s diet quality and weight status. Although non-significant, there was a positive linear trend
in child BMI percentile and maternal obesity risk score. Studies on weight-resilience (i.e., maintaining
a healthy weight despite living in an obesogenic environment) suggest that homes with healthy weight
children and teens are more likely to have healthier food options available and limit access to unhealthy
foods [116,117]. In the study reported here, only a non-significant linear trend occurred, with mothers
at low obesity risk limiting children’s access to low nutrient dense foods and storing nutrient dense
foods in a manner that was clearly visible to children. Thus, future interventions should consider
targeting family nutrition education that encourages positive changes in the home food supply and
healthful dietary practices in the home.

This study found a non-significant decreasing trend in the relationships among obesity risk
tertiles and family meal frequency. Other studies have found cross-sectional associations of family
meal frequency were inversely associated with obesity in adolescents, but longitudinal analyses
have not corroborated those results [118–120]. The results of this study contribute to the mixed
associations among family meals and weight status [121]. It may be that characteristics of the family
meal environment are confounding potential associations. For example, non-obese mothers at high
risk for obesity reported significantly more family conflict and lack of cohesion. Having poor family
functioning (i.e., more conflict and less cohesion) during mealtimes may lead to less frequent family
meals, especially when there is a negative meal atmosphere [122–124]. Further research examining
the influences of family dynamics with family meal frequency and weight-related behaviors are
warranted [122,125].

The relationships between home food availability and maternal dietary intake are not clear.
For instance, sugar-sweetened beverage intake was relatively lower among low obesity risk mothers
yet household availability of sugar-sweetened beverages was similar in households across maternal
obesity risk tertiles. Mothers at low obesity risk ate relatively more fruits and vegetables and had
significantly greater household availability of fruits and vegetables than those of higher obesity risk.
Whether foods were eaten from household food stores or outside the home was not investigated;
the incongruence of beverage intake and household availability may indicate these beverages were
consumed at home as well as outside the home, whereas the relative consistency between fruit and
vegetable intake and household food supplies may indicate these foods are typically eaten at home.
Further research is needed to understand where food and beverages are typically consumed and
the impact of consumption location on household food supplies, overall family dietary intakes, and
obesity risk.

A major strength of this study was the use of a socioecological framework to guide the
comprehensive selection of constructs obesity risk in mothers of young children. A systematic
method [34] was used to examine the potential scales for application to the study population
(i.e., mothers and young children of varying races/ethnicities and educational attainment). Use of
reliable and valid scales is vital to ensure the most accurate responses. In this survey, previously
validated and refined tools were used when possible, and nearly all had good to high internal
consistency with the study sample. Despite the strengths of this study, it is important to note its
limitations. Inference of causality of observed associations cannot be made due to the cross-sectional
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study design. In addition, the study sample only included mothers of preschool-aged children
in the U.S. with greater educational attainment than the national average, so findings may not be
generalizable to mothers with lower education levels or mothers with children of different ages or
those residing in other countries. This study also did not evaluate characteristics and behaviors of
other family or friends or environments outside of the home environment. Although the estimated
effect size for the obesity risk score was high, the significantly different intrapersonal, interpersonal,
and home environment characteristics that occurred across obesity risk tertiles had low effect sizes.
Lastly, data collected from participants were self-reported and may be subject to both reporting error
and bias. However, heights and weights self-reported by adults are highly correlated with measured
heights and weights [126] and online data collection offers privacy and relative anonymity that may
improve veracity when answering questions [127–129].

5. Conclusions

In conclusion, this exploratory study identified eight characteristics that, together, explain more
than half of the risk of obesity in non-obese mothers of young children. These eight characteristics may
help healthcare professionals identify mothers at increased risk of obesity and offer preventive care
early and more specifically tailor care (e.g., psychological assistance for those with body dissatisfaction).
Many of the eight characteristics are not usually assessed in clinical practice, but are simple to assess
and may yield valuable obesity risk information to healthcare providers. In addition, nutrition
communication and health promotion professionals can apply the findings by targeting intervention
efforts to those at increased risk and expanding intervention content to address topics not typically
addressed in obesity prevention programs, such as strategies for managing family conflicts and
changing the home food environment. Further research with larger, more diverse samples who are
longitudinally assessed is needed to confirm the results of this study. Additional research to clarify
the contribution of early identification of those at high risk for obesity and inclusion of new topics in
obesity prevention programs also is warranted.
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Abstract: Obesity and eating disorders are each associated with severe physical and mental health
consequences, and individuals with obesity as well as comorbid eating disorders are at higher risk
of these than individuals with either condition alone. Moreover, obesity can contribute to eating
disorder behaviors and vice-versa. Here, we comment on the health complications and treatment
options for individuals with obesity and comorbid eating disorder behaviors. It appears that in
order to improve the healthcare provided to these individuals, there is a need for greater exchange
of experiences and specialized knowledge between healthcare professionals working in the obesity
field with those working in the field of eating disorders, and vice-versa. Additionally, nutritional
and/or behavioral interventions simultaneously addressing weight management and reduction of
eating disorder behaviors in individuals with obesity and comorbid eating disorders may be required.
Future research investigating the effects of integrated medical, psychological and nutritional treatment
programs addressing weight management and eating disorder psychopathology in individuals with
obesity and comorbid eating disorder behaviors—such as binge eating—is necessary.

Keywords: obesity; eating disorders; binge eating; dieting; treatment

1. Introduction

Obesity is commonly associated with health complications. Individuals with obesity are at high
risk of several physical diseases, such as certain cancers, diabetes, hypertension, heart disease, stroke,
as well as being at increased risk of mortality [1–7]. Obesity is also often associated with mental health
problems and psychosocial difficulties. Indeed, women with obesity tend to report worse mental
health than women without obesity [8]. Moreover, women tend to experience more mental health
complications associated with obesity than men [9], albeit mental health problems associated with
obesity (e.g., anxiety) occur in both women and men [9]. One factor that can be detrimental to the
mental health of individuals with obesity is exposure to well-documented discriminatory attitudes
and behaviors in different areas, such as employment, education and healthcare [10]. Additionally,
discrimination against individuals with higher body mass index (BMI) can be particularly problematic
because it can induce strong dissatisfaction with one’s body weight and/or shape, which is a risk
factor for the development of comorbid eating disorder behaviors [11].

The eating disorders that have been most frequently studied in individuals with obesity are
binge eating disorder and bulimia nervosa. Binge eating disorder is defined in the current Diagnostic
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and Statistical Manual of Mental Disorders (DSM-5) by recurrent binge eating episodes occurring
at least once a week for the past 3 months, and associated with marked distress [12]. The DSM-5
criteria for binge eating disorder also require that individuals experience at least three of the following
five features: eating much more quickly than normal; eating until feeling excessively full; overeating
when not feeling physically hungry; eating alone because of embarrassment related to the amount of
food consumed; and feeling disgusted, depressed, or very guilty after the binge eating episodes [12].
Bulimia nervosa is characterized by self-evaluation that is excessively influenced by body weight and
shape, recurrent binge eating, and recurrent unhealthy compensatory behaviors to prevent weight
gain (i.e., self-induced vomiting; misuse of laxatives, diuretics or other medications; fasting; excessive
exercise) [12]. The DSM-5 criteria for bulimia nervosa require that the binge eating episodes and
compensatory unhealthy behaviors have occurred at least once per week for the past 3 months [12].
In addition to binge eating disorder and bulimia nervosa, individuals with obesity can also experience
“other specified feeding or eating disorder” when presentations cause significant distress or impairment
but do not completely meet the DSM-5 criteria for a specific eating disorder [12]. For example, according
to the DSM-5, a person may have binge eating disorder of low frequency and/or limited duration.
In this case, the person meets the DSM-5 criteria for binge eating disorder, except that binge eating has
occurred less than once a week and/or for less than 3 months [12].

There is a significant co-occurrence of eating disorders, particularly binge eating disorder, in
individuals with higher BMI. In Latin America, for example, the prevalence of binge eating disorder
was 16–52% in individuals with obesity (BMI ≥ 30 kg/m2) attending weight loss programs [13]. In the
United States, a study with a nationally-representative sample of 9282 people assessed in 2001–2003
found that 42% of individuals that had had a binge eating disorder at any stage in their life had obesity
at the time of the survey [14]. A more recent study in the United States, with a sample of 36,306
participants assessed in 2012–2013, found that relative to those with no history of eating disorders,
participants who met criteria for binge eating disorder in the last 12 months, or at any time in their
lives, had significantly increased odds of having obesity or extreme obesity [15]. On the flip side,
a study with a clinical sample of 1383 individuals with current eating disorders, including 123 with
binge eating disorder and 551 with bulimia nervosa, found that 87% of individuals with binge eating
disorder, and 33% of individuals with bulimia nervosa, had also had obesity at some point in their
lives [16]. These studies show a significant co-occurrence of obesity and eating disorders, and are
consistent with the hypothesis that these conditions can potentially contribute to and/or exacerbate
each other. Additionally, obesity with comorbid eating disorder behaviors, such as binge eating, may
be a growing problem. In a population-representative sample of 9053 people in Australia between the
years of 1995 to 2015, there were significant increases in the prevalence of obesity and eating disorder
behaviors independently; however, the greatest increases were in the prevalence of individuals with
obesity and comorbid binge eating or very strict dieting (7.3 fold and 11.5 fold, respectively) [17].
The increases in the prevalence of obesity and comorbid eating disorder behaviors mentioned above
may be related to a potential contribution of binge eating to obesity [14,18,19], as well as to the social
expectancy for people with obesity to lose excess weight [17]. The potentially growing prevalence of
individuals with obesity and comorbid eating disorder behaviors is concerning due to the medical and
psychosocial risks that these individuals are exposed to.

2. Health Risks of Obesity with Comorbid Eating Disorders

Individuals with obesity and comorbid eating disorders are at high risk of several medical
and psychosocial complications. A study with 152 treatment-seeking individuals with obesity
found that those with binge eating disorder had higher BMIs, more severe levels of depression
and obsessive-compulsive symptoms, and stronger feelings of inadequacy and inferiority than those
without binge eating disorder [20]. Similarly, bariatric surgery candidates with comorbid binge eating
disorder had significantly more mood and anxiety disorders than bariatric surgery candidates without
binge eating disorder (27% versus 5% for mood disorders, and 27% versus 8% for anxiety disorders,
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respectively) [21]. Indeed, 40% of bariatric surgery candidates with comorbid binge eating disorder had
a mood or anxiety disorder, with some participants having both a mood and an anxiety disorder [21].
Similarly, gastric bypass surgery candidates with binge eating disorder had more disordered eating
attitudes and behaviors, as well as worse physical, emotional and social quality of life, than gastric
bypass surgery candidates without binge eating disorder [22]. Not only is binge eating in individuals
with obesity associated with poor mental health and poor quality of life, but binge eating can also
hinder weight loss in individuals with morbid obesity. For instance, a systematic review found that
individuals submitted to bariatric surgery that had clinically significant binge eating before and after
the surgery had worse weight loss outcomes than those without pre-surgical binge eating, or than
those who stopped binge eating after the surgery [23]. The occurrence of obesity in individuals
with eating disorders is also associated with greater mental health complications. For instance,
individuals with eating disorders that had had obesity at any stage in their lives had higher eating
disorder severity and greater general psychopathology than those with eating disorders that had
never had obesity [16]. Finally, obesity with comorbid binge eating can be functionally detrimental.
For example, individuals with obesity and comorbid binge eating had greater work-related impairment
in productivity than those with obesity only, or binge eating only, or than those of normal weight
without binge eating [24]. Thus, individuals with obesity and comorbid eating disorders are at higher
risk of medical and psychosocial complications than individuals with only one or the other condition.
However, the most appropriate treatment approaches for individuals experiencing these combined
conditions is a controversial topic amongst healthcare professionals.

3. The Potential Benefits and Harms of Dieting to Lose Weight

There are often theoretical and clinical debates amongst healthcare professionals regarding the
most appropriate treatment approaches for individuals with obesity and comorbid eating disorders.
The most controversial aspect of this debate relates to potential benefits and harms of dieting to lose
weight. Healthcare professionals specializing in obesity often recommend dieting to their patients or
clients with overweight or obesity, encouraging them to reduce and then maintain a healthy weight.
Conversely, healthcare professionals specializing in eating disorders, especially those working mainly
with individuals with anorexia nervosa and bulimia nervosa, are often concerned about the use of
diets driven by idealization of thinness [25].

The negative perception that some healthcare professionals may sustain regarding dieting is
understandable when one considers that strict dieting is often a core symptom of eating disorders such
as anorexia nervosa and bulimia nervosa [11]. For example, the trans-diagnostic cognitive-behavioral
model of eating disorders, which is used to guide the “gold standard” treatment for binge eating
disorder and bulimia nervosa, namely cognitive behavior therapy—enhanced (CBT-E), shows strict
dieting as a central behavioral component in the maintenance of eating disorders [11]. Furthermore,
concerns regarding dieting are derived from studies that found relationships between dieting and
eating disorder symptoms [26–28]. A classic study in this field, namely the Keys’ study, found that
young healthy men submitted to prolonged periods of semi-starvation experienced symptoms that
were similar to those experienced by people with eating disorders, such as preoccupation with food,
binge eating, distress and depression [26]. Additionally, literature reviews of studies including clinical
and non-clinical samples suggest that cognitive restraint can make dieters vulnerable to disinhibition
and consequent binge eating [27], and that dietary restriction can lead to binge eating, emotional
alterations, distractibility and preoccupation with food and eating [28]. Notwithstanding that dieting
can be associated with these negative consequences, one literature review concluded that some dietary
restriction (i.e., the consumption of certain foods in moderation) may be necessary for individuals with
obesity or for those at risk of developing weight-related health problems in order to reduce the health
consequences of overweight [28].

Although there are some important concerns regarding the safety of dieting, the relationship
between dieting and binge eating is not clear-cut and needs to be further examined. For instance,
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a study with 166 patients with bulimia nervosa at admission for residential treatment found that
a significant proportion of them (43%) were not currently dieting to lose weight or to avoid weight
gain [29]. Additionally, this study also found that those who were dieting to lose weight reported
lower binge eating frequency in comparison to non-dieters [29]. In line with this, a literature review of
studies on different levels of dietary restraint, and retrospective and prospective studies examining
the effects of dieting on eating behavior, did not find consistent evidence supporting the view that
medically supervised dietary restriction exacerbates binge eating disorder [30]. It is possible that other
factors besides dieting need to be present in order to increase the risk for eating disorder behaviors.
For example, a prospective study with a population-based sample of 1827 adolescents and young adults
and a 10-year follow-up period, found that symptoms of depression and low self-esteem in dieters were
important elements increasing the risk of binge eating [31]. Moreover, a narrative review concluded
that while dieting may contribute to eating disorders, other factors mediate this relationship, namely
a family history of eating disorders, mood disorders, problems with substance/alcohol use, personality
characteristics, problematic family interactions, and biological vulnerability [32]. Finally, a systematic
review showed that clinically supervised severe energy restriction to treat obesity—as in that used
with total meal replacement diets such as very low energy diets—mostly did not cause binge eating,
and even reduced binge eating in those with pre-treatment binge eating behaviors [33]. These findings
are in line with a previous literature review which showed that moderate dietary energy restriction in
combination with behavioral weight loss therapy does not seem to induce binge eating in overweight
adults without pre-treatment binge eating, and can reduce binge eating in those with pre-treatment
binge eating behaviors [34]. Taken together, these findings suggest that the relationship between dieting
and binge eating may be significantly influenced by several other variables, e.g., degree of psychological
support and medical need for weight loss. Notably, the young men in the Key’s experiment (see above)
were not in medical need of weight loss. Whilst they considered themselves extremely well supervised
from a medical perspective [26], psychological effects were less well understood and they would go
to great lengths to avoid the shame of dismissal from the trial and the stigma of being a “cheater”
when they had broken the diet [29]. The complexity of the relationship between dieting to lose weight
and eating disorder behaviors and weight stigma potentially contributes to disagreements amongst
healthcare professionals regarding the most appropriate treatment approaches for individuals with
obesity and comorbid eating disorders.

4. Treatments for Obesity with Comorbid Eating Disorders

Previous studies have examined the effects of treating individuals with obesity and comorbid
eating disorders with weight loss or eating disorder treatments, alone or in combination [35–38].
One study investigated the effects of cognitive behavior therapy (CBT), behavioral weight loss therapy,
or a sequential approach of CBT followed by behavioral weight loss therapy on body weight and
binge eating [38]. This study showed that at 12-month follow-up, 51% of participants submitted
to CBT, 36% of those submitted to behavioral weight loss therapy, and 40% of those submitted to
CBT followed by behavioral weight loss therapy, had achieved binge eating remission [39]. It also
showed that at 12 months, CBT induced significantly greater reduction in binge eating than behavioral
weight loss therapy, and that behavioral weight loss therapy induced significantly greater weight loss
than CBT [38]. Moreover, participants who exhibited remission from binge eating had significantly
greater reductions in BMI compared to participants who did not [38]. Nonetheless, the reduction in
BMI induced by behavioral weight loss therapy was relatively small (i.e., −2.1 kg/m2) [38], and the
combination of CBT with other obesity treatments could potentially induce greater weight loss. In line
with this, another study found significant reductions in body weight (average loss of 12 kg) and binge
eating at 6 months from treatment commencement in individuals submitted to a diet allowing 7100 kJ
(1700 kcal) per day, combined with CBT, sertraline (a serotonin reuptake inhibitor) and topiramate
(an anti-convulsant sometimes used in the treatment of obesity) [35].This same study did not show
any significant change in body weight or binge eating in the comparison groups of individuals
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submitted to a 7100 kJ (1700 kcal) per day diet, CBT and sertraline (without topiramate), or in those
submitted to nutritional counselling and CBT [35]. We could thus conclude from this study that
complex treatments including dietary intervention, CBT and a combination of pharmaceuticals can
induce substantial reductions in body weight and binge eating. Another study assessed the addition
of CBT to 16 sessions of group behavioral weight loss therapy in 116 women with overweight/obesity
and comorbid binge eating disorder [36]. In this study, the serotonin reuptake inhibitor fluoxetine
(or placebo) was also investigated. Thus, participants were randomized to one of the following four
groups, with all groups receiving the same behavioral weight loss therapy: (1) CBT + fluoxetine;
(2) CBT + placebo; (3) fluoxetine; or (4) placebo [36]. This study showed that participants in the
groups that included CBT had significantly greater reductions in binge eating frequency, and greater
abstinence from binge eating, than participants in groups that did not include CBT [36]. Additionally,
this study found that participants reporting abstinence from binge eating at the end of treatment
(n = 54) exhibited greater weight loss in comparison to those who did not report abstinence from binge
eating (n = 62) (i.e., a weight loss of 6.2 kg versus weight gain of 0.7 kg, respectively) [36]. From these
findings it thus seems that CBT is particularly important for binge eating reduction and abstinence,
and that binge eating abstinence may be necessary for successful weight loss. While CBT appears
to be an essential element of treatment, another study suggests that there is some flexibility in the
types of dietary interventions that can be combined with CBT in order to reduce body weight and
binge eating. Indeed, in another study involving 50 individuals with obesity and comorbid binge
eating disorder, participants were randomized to CBT + a diet of low energy density, or CBT + general
nutrition counselling [37]. This study found that 13 out of the 43 participants that completed their
assigned intervention lost at least 5% of their initial body weight, and reduced binge eating episodes
by 55–75%, with no significant differences in outcomes between participants in the two groups [37].
Overall, the above-mentioned studies showed that certain combinations of obesity treatments with
CBT for eating disorders can induce significant reduction of binge eating and weight loss in individuals
with obesity and comorbid eating disorders.

While some scientific studies have examined the effects of combining obesity treatments with
eating disorder treatments [35–37], most of the current treatment programs for obesity or eating
disorders still target only one or the other condition. For example, CBT-E is suitable for use in binge
eating disorder, however, it does not encourage weight loss for those with overweight or obesity
and comorbid binge eating disorder [11], nor does it result in substantial weight loss [38,39]. In the
same way, a recent systematic review and meta-analysis on the effectiveness of treatments for binge
eating disorder found that therapist-led CBT induced greater reduction of binge eating frequency in
comparison to behavioral weight loss therapy; however, greater body weight reduction was achieved
with behavioral weight loss therapy in comparison to CBT [39]. According to this systematic review,
at the end of treatment, participants submitted to CBT reduced BMI by an average of 0.41 kg/m2

(which is not clinically significant), whereas participants submitted to behavioral weight loss therapy
reduced BMI by an average of 2.2 kg/m2 (which is clinically significant) [39]. Furthermore, another
review of treatments for binge eating disorder concluded that weight loss treatments should be offered
only to individuals with obesity that do not engage in binge eating [40]. This contrasts with a study
which found that behavioral weight loss therapy, although not designed to thoroughly address eating
disorder psychopathology, concomitantly reduced binge eating and body weight in individuals with
obesity and comorbid binge eating disorder [38]. Additionally, a systematic review and meta-analyses
found a lack of treatments aiming to simultaneously assist weight management and reduce eating
disorder behaviors in individuals with obesity and comorbid bulimia nervosa [41]. According to that
systematic review and meta-analysis, it is necessary to develop and test integrated treatments for
obesity with bulimia nervosa due to the rise in prevalence of individuals with obesity and comorbid
bulimia nervosa [41]. In line with this, we have been involved with the development of a new
integrated treatment, named HAPIFED (a Healthy APproach to weIght management and Food in
Eating Disorders), which aims to simultaneously aid weight management (i.e., via a moderate to
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slow rate of weight loss) and to reduce eating disorder behaviors in individuals with obesity and
comorbid eating disorders [42]. The feasibility and acceptability of this intervention was shown in
a pilot study that used 20 sessions of group multidisciplinary therapy [42], and this treatment is
currently under examination in a randomized controlled trial comparing 30 sessions of group therapy
of either HAPIFED or CBT-E [43]. Moreover, the effectiveness of HAPIFED in “real world” clinics is
also currently been investigated [44].

Integrated treatments, such as HAPIFED, may be particularly attractive to individuals with
obesity and comorbid eating disorders. For instance, a systematic review found that only an estimated
23% of individuals with eating disorders sought treatment for their eating disorder, whereas 30–73%
of individuals with eating disorders sought treatments for their overweight or obesity (13). This
tendency for individuals with eating disorders to seek weight loss treatments instead of eating disorder
treatments could potentially be used to facilitate treatment of a significant proportion of individuals
with eating disorders that are overweight or have obesity. In addition to potentially improving
treatment adherence, integrated treatments for obesity with comorbid eating disorders may also
promote greater physical and mental health benefits than treatments focused on only one or the other
condition. For instance, individuals with clinically significant binge eating are more susceptible to
difficulties achieving a healthy body weight after undergoing a weight loss treatment (i.e., bariatric
surgery) in comparison to those without clinically significant binge eating [23]. Therefore, it is
important to further investigate integrated treatment options aiming to simultaneously reduce body
weight and eating disorder behaviors and to discuss these studies with healthcare professionals
working with clients with obesity or eating disorders. This is especially important given that healthcare
professionals working in the fields of obesity or eating disorders frequently have different professional
backgrounds (i.e., psychological versus medical versus nutritional).

5. Conclusions

Individuals with obesity and comorbid eating disorders are at higher risk for several medical and
psychosocial complications than individuals with either condition alone. The co-occurrence of obesity
with comorbid eating disorders, particularly binge eating disorder, requires attention of healthcare
professionals working with clients with either of these conditions. Healthcare professionals specialized
in obesity treatment and not addressing eating disorder behaviors of their clients—when these are
present—will likely see unsuccessful weight loss interventions in the long-term due to continued binge
eating. On the flip side, healthcare professionals specialized in eating disorders and not addressing
weight management with their clients with comorbid overweight or obesity may see a reduced interest
from their clients, potentially resulting in disengagement from (or lack of engagement at all in) the
eating disorder treatment, seeking instead weight loss treatments that do not address their eating
disorder behaviors. While these healthcare professionals may sometimes disagree on the potential
benefits and harms of recommending weight loss diets to their clients, healthcare professionals working
in either of these fields of obesity or eating disorders can acknowledge the common goal of promoting
healthy eating behaviors, healthy relationships of their clients with their bodies, and positive personal
health goals of weight loss. We contend, it is vital to develop and test innovative medical, psychological,
and nutritional treatment options that simultaneously address obesity as well as comorbid eating
disorders. Such integrated treatments can potentially induce greater improvements in health—and in
more people—than treatments targeting only one or the other condition.
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Abstract: This article describes the important cultural specifics that impact on treatment of overweight
and obesity for the Roma people of South Bohemia. Methods: Data on health and nutrition were
collected using a semi-structured interview of 302 Roma adults (quantitative phase). A further
25 participants received in-depth interviews regarding their eating and lifestyle habits and perceptions
about obesity and overweight (qualitative phase). Height and weight were measured with calibrated
scales and stadiometer. Qualitative data were analyzed with the “grounded theory” method. Results:
The participants reported a relatively high consumption of high-sugar drinks and foods compared to
fruits and vegetables. Lifestyle factors increasing risk of overweight identified from the qualitative
interview included unemployment, socially isolating housing, poor transport, poverty, inactivity,
tobacco smoking, and for women weight gain after childbirth. Also identified was the need for
better health literacy. Conclusions: Effective health education may help to address risk factors for
overweight and obesity in Roma peoples. Other measures include improved socioeconomic status
and housing security, and improved health literacy of the Roma people.

Keywords: the Roma; nurse; overweight; obesity; health education; lifestyle factors; nutrition;
cultural features

1. Introduction

Determinants of obesity include genetic predisposition, environmental factors, and the
social-cultural environment [1–3].

Overweight and obesity date perhaps as far back as prehistoric times, i.e., as long as people have
dealt with both an excess and a scarcity of food. However, over the course of societal development
and with advances in scientific and medical knowledge, the social and cultural interpretations of
diagnoses of overweight and obesity have changed as well. Although they are symbols of affluence in
some societies, they also indisputably impact on health. According to available data, more than half
of the population (52%) of the European Union are overweight or obese, and in the Czech Republic,
61.7% of the population have a body mass index (BMI) ≥ 25 kg/m2 [4]. Although the number of adult
individuals with a BMI ≥ 25 kg/m2 seems to have levelled off, the proportion of people suffering from
obesity is still rising [5].
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The high rates of overweight are also evident in minority groups such as the Roma, who are one of
the largest minorities of the Czech Republic [6,7]. Their number is estimated at 250–280,000 persons [8].
Studies designed to monitor the health status of the Roma show that, in spite of government efforts
across Europe, they suffer from poorer access to health care and are often discriminated against [9].
Vazarova de Courten et al. [10] confirmed a potential link between the high prevalence of obesity with
unhealthy lifestyles and improper eating habits. One study that looked at the incidence of overweight
and obesity in Roma women in Slovakia found similar results. It was found that Roma suffer from
extreme degrees of obesity much more often than the rest of the population. In these cases, the genetic
predispositions of susceptible individuals are also supported by unhealthy lifestyles [11].

Together with external determinants, persistent cultural characteristics of the Roma can notably
influence the efficiency of the public and other health interventions [12,13]. The Roma are a distinctive
group with distinctive cultural features, language, and a singular cultural identity, setting them apart
from the majority of the population [14]. Over the course of the centuries, they spread all over the
world thanks to their nomadic lifestyle. Due to encounters with the dominant culture, there have been
changes in their traditional way of life, but some particularities persist [15,16]. These particularities are
evident primarily in the way of life, eating habits, experiences and perceptions of time, socio-economic
status, and poorer access to services or health [14]. Preventive programs, in order to be effective,
need to consider diverse cultural determinants of health and, above all, the individual needs of the
target group [17]. At the same time, the level of nutritional acculturation or the level of adoption of the
nutritional habits of the majority population by immigrants or other minority groups should be taken
into account [18]. The preventive programs implemented at present with focus on overweight and
obesity is developed for the dominant population in the Czech Republic. Their effectiveness for the
Roma appears to be very low.

This article aims at to explore cultural features of the Roma that could be associated with their
high prevalence of overweight and obesity and the inefficiency of currently implemented interventions.
First, the anthropometrics status, nutritional intake, and eating patterns of a group of Roma participants
were investigated. This was followed by exploratory interviews investigating lifestyle, intake, and
sociodemographic features of a subsample of respondents.

2. Materials and Methods

2.1. Quantitative Phase

Participants were sourced from the Roma population in the South Bohemian Region between
1 June 2014 and 31 March 2015. General nurses from the Centre for Prevention of Life Style Diseases
in České Budějovice recruited participants at community events and in the respondents’ natural
environment with the assistance of contact persons. Because census data is not available for the Roma
minority in the Czech Republic, respondents were selected using the snowball method aiming to
ensure an equal representation of men and women (as in the general population in the Czech Republic).
Further, the respondents from the Roma minority were selected based on their subjectively perceived
Roma identity.

Face-to-face semi-structured interviews were conducted using a prepared non-standardized
questionnaire. The communication with the respondents was performed in Czech. The respondents
were given primarily close-ended questions with employment of scaled answers. Further, the following
anthropometric values were obtained: weight (determined with electronic flat scale SECA 813);
height (determined with a SECA 213 folding height meter); waist and hip circumference (measured
with tape measure); and body fat content (measured with OMRON BF306 Body Composition Monitor).
Body mass index (BMI; kg/m2) was subsequently calculated.

BMI reference values for obesity were applied according to those of the World Health Organization
(WHO), i.e., BMI 18.5–24.9 kg/m2 normal, BMI 25–29.9 kg/m2 overweight, and ≥30 kg/m2 obese [19].
Reference values suggesting risk metabolic complications were applied for waist circumference:
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men, ≥94 cm, suggesting increased risk, and ≥102 cm, suggesting very high risk; women, ≥80 cm,
suggesting increased risk, and ≥88 cm, suggesting very high risk [19].

Three hundred and two Roma individuals over 18 years of age participated; males and females
were equally represented. Most were aged 18–29 years (132, i.e., 43.8%); 56 (18.6%) were aged
40–49 years, 49 (16.3%) were aged 30–39 years, 39 (13%) were aged 50–59 years, 20 (6.6%) were aged
60–69 years (20, i.e., 6.6%), and only 5 (1.7%) were aged ≥70 years. There were more respondents
who had three or more children (n = 134, 44.3%) than those who had no children (n = 77, 25.6%).
One hundred and forty-nine (50.1%) persons were unemployed and only 51 (17.2%) were practicing a
profession. The others received a disability or old age pension or were on maternity leave.

2.2. Analyses

Data analysis was carried out with using the SASD (Statistical Analysis of 129 Social Data)
program and SPSS program (in version 13.1). Statistical associations were tested with the Pearson
Chi-square test—X2) and significance levels of α < 0.05, α < 0.01 and α < 0.001. In case of insufficient
observations, Yates correction was applied.

2.3. Qualitative Phase

The qualitative research was aimed at acquiring more in-depth information regarding attitudes
the Roma minority to overweight and obesity. It was also aimed at mapping the nutritional habits
and describing the risk factors with respect to culturally conditioned behavior patterns occurring in
the natural environment (Roma households and communities). The qualitative research set consisted
of 25 Roma respondents over 18 years of age (8 males and 17 females). The male sample included
six overweight individuals (BMI ≥ 25 kg/m2) and two obese ones (BMI ≥ 30 kg/m2); ages ranged from
19 to 64 years. The female sample included eight overweight individuals and nine obese individuals;
ages ranged from 29 to 64 years.

Participants received a semi-structured interview; this comprised a circle of 35 basic questions with
90 sub questions in advance, and their order could be changed to achieve the highest possible interview
efficiency. The interview scheme prepared in this manner included 35 basic questions divided into four
circles: eating habits, physical and leisure-time activities (lifestyle), and self-perception and perceptions
of overweight and obesity. The interviews took place from April 2014 to April 2015 in the community,
primarily in individual’s homes. They were conducted in Czech and complemented by anthropometric
measurement (height, weight, calculation of BMI, waistline and body fat measurements as above).
The interviews made particular use of open-ended questions. The interviews were subsequently
digitalized and transcribed verbatim. The MAXQDA 11 (Software for Qualitative and Mixed Methods
Research) program was chosen for the text analysis. One thousand and eight-two segments in total
were marked in the transcribed interviews, subsequently exported, and further processed. To analyze
the data, we used “grounded theory” including open, axial, and selective coding. Finally, we identified
the central category—lifestyle. From among other categories, we identified eating habits, motivation,
attitude and body image. To ensure anonymity, the respondents were given randomly selected names
when processing the data.

3. Results

3.1. Quantitative Phase

The analysis of the data related to the assessment of the basic health indicators suggests that in the
research set including 302 Roma from the South Bohemian Region, 61.8% persons had BMI ≥ 25 kg/m2.
Overweight (BMI 25.0–29.9 kg/m2) was found in 29.7% of participants and obesity (BMI ≥ 30 kg/m2)
in 32.1% of respondents. It was proved that there were statistically significant differences between
males and females in terms of BMI index (p < 0.01; X2 = 11.17; df = 2). The males had lower
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BMI index significantly more often, while the females were overweight (BMI 25.0–29.9 kg/m2) and
obese (BMI ≥ 30 kg/m2) more often.

From among further indicators of overweight and obesity, the waistline values were observed.
Increased values were recorded. One-third of the examined Roma (n = 152) had a waistline exceeding
102 cm. It should be stated here that males’ waistline values over 102 cm are related with noticeable
metabolic complications. Waistline values related to noticeable metabolic complications (over 88 cm
for females) were also found in Roma women (63.3%, n = 150). Also, the measured values of body
fat correspond to the above stated indicators. The difference between genders was minimal, but the
higher values of body fat of the Roma (found in 67.55% of respondents) in the South Bohemian Region
were measured.

From the perspective of prevention of overweight and obesity, the information related to
consumption, selection, preparation and intake frequency of foodstuffs is important. We show the
preference of selected foodstuff types in the Roma minority (Table 1) below.

Table 1. Preference of selected foodstuffs in the Roma minority per week (n = 302).

Intake Frequency, n (%)

Selected Foodstuff Not at All
1–2 Times

a Week
3–4 Times

a Week
5–6 Times

a Week
Every Day

Several Times
a Day

Did Not
Answer

Pork 28 (10.3%) 112 (41.3%) 96 (35.5%) 21 (7.7%) 10 (3.7%) 4 (1.5%) 31 (10.3%)

Beef 82 (32.0%) 148 (57.8%) 19 (7.4%) 5 (2.0%) 1 (0.4%) 1 (0.4%) 46 (15.23%)

Fish 158 (56.2%) 106 (37.7%) 10 (3.6%) 2 (0.7%) 3 (1.1%) 2 (0.7%) 21 (6.95%)

Chicken 16 (5.8%) 125 (45.3%) 98 (35.5%) 25 (9.1%) 7 (2.5%) 5 (1.8%) 26 (8.61%)

Potatoes 14 (5.0%) 157 (56.4%) 79 (28.3%) 14 (5.0%) 11 (3.9%) 4 (1.4%) 23 (7.62%)

Pasta 17 (6.3%) 191 (70.4%) 40 (14.8%) 15 (5.5%) 7 (2.6%) 1 (0.4%) 31 (10.26)

Rice 24 (8.9%) 186 (68.9%) 42 (15.6%) 12 (4.4%) 4 (1.5%) 2 (0.7%) 32 (10.6%)

Dumplings 22 (8.1%) 181 (67.1%) 49 (18.1%) 11 (4.1%) 6 (2.2%) 1 (0.4%) 32 (10.6%)

Sweet baked goods 53 (18.5%) 126 (44.2%) 57 (19.9%) 8 (2.8%) 39 (13.6%) 3 (1.0%) 16 (5.3%)

Sweets 46 (15.9%) 125 (43.3%) 46 (15.9%) 15 (5.2%) 50 (17.3%) 7 (2.4%) 13 (4.3%)

Sweet drinks 52 (18.1%) 80 (27.8%) 53 (18.4%) 19 (6.6%) 75 (26.0%) 9 (3.1%) 14 (4.64%)

Fruits 38 (13.5%) 122 (43.4%) 61 (21.7%) 9 (3.2%) 37 (13.2%) 14 (5.0%) 21 (7.95%)

Vegetables 30 (10.8%) 96 (34.7%) 64 (23.1%) 23 (8.3%) 53 (19.1%) 11 (4.0%) 25 (8.27%)

As shown on Table 1, chicken was the most frequently consumed meat, followed by pork and
then beef. More than half of the respondents (56.2% persons) did not eat fish. “Side dishes” of potatoes,
pasta, rice and dumplings were most commonly eaten 1–2 times a week, followed by 3–4 times a
week. Fruits and vegetables were consumed at a lower frequency: most often either not at all or only
1–2 times a week. With respect to sweet baked goods, those most frequently consumed were cakes and
doughnuts, but also pies, and cakes. Sweets included different types of wafers, ice cream, biscuits,
chocolate and candies.

In relation to the energy balance, we also consider significant the findings related to consumption
of sweet drinks (like cola, juices, water with squash, energy drinks, etc.). In this case, analysis showed
that the members of the Roma minority drink soft drinks in higher frequency.

3.2. Qualitative Phase

The qualitative phase was implemented to explore motivational factors and culturally conditioned
behavior patterns with respect to prevention and treatment of overweight and obesity. The qualitative
data were analyzed by the MAXQDA 11 program. We worked with transcribed interviews. In this
study, 1082 interview segments were marked in total, exported and analyzed. The analysis was made
using “grounded theory” use of open, axial and selective coding [20]. The terms found were grouped by
their potential belonging to categories (open coding). However, at that point, the categories could not
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be considered final, as their belonging to any given phenomenon was only apparent. The conceptual
range of the categories gave base to their contents. We show an example in the table (Table 2).

Table 2. Open coding.

Category Subcategory Characteristic

Food intake

Motivation for foodstuff selection
Preferred foodstuff preparation

Place of alimentation
Number of meals a day

Frequency of alimentation

Regularity

Breakfast
Morning snack

Lunch
Afternoon snack

Dinner

The open coding allowed us to divide the acquired data and to determine some categories and
their characteristics. Axial coding allowed us to put the data together in a new way by creating
links between the categories and their subcategories. As an example, we show the embedding of the
“body image” category into the paradigmatic model (Table 3).

Table 3. Application of paradigmatic model.

Causal
Conditions

Phenomenon Context Intervening Conditions
Action

Strategy
Consequences

Weight
Health condition
Self-perception
Subjective
assessment of
own figure
Life satisfaction

Body image

Feeling
Body proportions
Health complications
Weight deviations
Nature
Family
Housing

Unemployment
Housing conditions
Culturally conditioned
behavior patterns
Insufficient health literacy
Number of children

Exercise
Dietary
measures

Temporary weight
reduction
Improvement of
health
complications
Better self-feeling

Visual inspection of the paradigmatic model showed that the circular dimension best explains
phenomena, as consequences sometimes may mingle with causal conditions.

Based on the acquired overview of the relations among individual categories and subcategories,
the codes found were subjected to a deeper analysis. The analysis helped to identify the central
category of “lifestyle”, to which all other categories are related. Lifestyle constitutes the phenomenon
that is closely related to eating habits, motivation, and attitude to overweight and obesity, as well as to
body image. It is connected not only with the way of spending leisure time, risk behaviors, and the
way of spending weekdays, but it also reflects the cultural perspective. Its characteristics influence
individual areas of eating habits (e.g., choice of foodstuffs, regularity of eating, etc.). The factors
resulting from it are reflected in the motivation to reduce weight, and in the individual’s attitude to
overweight and obesity. In this point, they are closely related to self-perception and to body image,
as well as to life satisfaction.

To achieve integration of the findings, the story skeleton was interpreted, and, upon this basis,
a scheme of the relations found was created (Supplementary Figure S1).

3.2.1. Story Skeleton

Remedial risk factors for overweight and obesity are related to lifestyle in the Roma population.
The vast majority of the respondents were unemployed, women who were at home with children,
and some men receiving the disability or old-age pension. This factor undoubtedly plays a role in
the distribution of activities during the day. Their weekdays are related primarily to cleaning, eating,
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caring for children, and community life. Most of those Roma live in socially excluded localities,
in residence halls far from the town center. They have poor transport access. Their life is noted for risk
behaviors like heavy smoking and inactivity. Consumption of alcohol is rather occasional, although
there are exceptions too. Poor access to transport influences their eating habits, primarily due to the
accessibility of groceries.

The above-stated distribution of daily activities, normal times of getting up, and factors of social
life in broader family living in the given community influence eating habits such as frequency and
regularity of eating. The Roma report eating at home and in the homes of relatives whom they visit.
Some of them have even multiple main dishes. Nevertheless, they have problems with describing their
meals. It is difficult for them to tell how many times a day they eat. Great differences can be seen when
they describe their meals of the previous day. It is effective to make use of the opportunity to describe
the course of the day and to encourage them to recount what they did from the time they woke up
in the morning. Then they are able to approximately describe the foodstuffs and liquids they took in.
As for foodstuffs and liquids, they use illustrative comparison and examples, which they can grasp
better. Their composition of foodstuffs does not essentially differ. They show a tendency to give more
healthy foodstuffs (fruits and vegetables) to their children. The socioeconomic perspective is often
mentioned here. We can see the financial issue. They prefer to buy something for the children, and if
some money is left, they buy something for themselves too. They agree in the traditional Roma meals.
However, they report their intake in a frequency of several times a month.

They are aware of the causal relation between eating and increasing weight. The women often
restrict food intake to decrease their weight. However, they do not show long-lasting eating changes
or dietary measures related to other diseases they suffer from. They observe regime recommendations
only until the acute symptoms subside; as for medicines, they take them only until they finish the
package. They do not go to the physician to ask for more. Women do not include significant amounts of
exercise in their lifestyle; they exercise primarily if the physician has suggested so because of backache.
On the contrary, men make use of short-term exercise in fitness centers, trying to improve their physical
condition. Some of them are aware of the positive effect of exercise and sports. The increased weight
of women is primarily related to childbirths after which they did not succeed in reducing their weight,
although many desire to lose weight. When assessing their own figure, particularly the women tend to
be undervalue their weight; they perceive themselves slimmer than they actually are. On the contrary,
men are usually more objective.

The self-perception is related to life satisfaction that is reflected also in the lifestyle and affects
motivation. The Roma are rather satisfied with their family lives; they perceive themselves as cheerful
and quick-tempered persons. However, their life satisfaction is affected by housing, primarily by
the life in communities and socially excluded localities. Many of them are not satisfied with such a
lifestyle. They do not perceive the difference between overweight and obesity, they relate them rather
to a disease or overeating. Most of them do not take any attitude do such people; they do not criticize
them, but some feel sorry for them. Some motivation to reduce the weight consists primarily in weight
reduction recommended by physicians, and women also consider the aesthetic side, if they cannot
dress what they like or if they feel they compare poorly next to their partner.

3.2.2. Diagram 1 Visualization of Relations

The visualized relations helped us to create the following categories: lifestyle, eating habits,
motivation, attitude, and body image. Lifestyle was identified as the central category (Table 4).
Based on the connections found, we came to the conclusion that the prevention and treatment of Roma
overweight and obesity are influenced by culturally conditioned influenceable risk factors resulting
from their lifestyle. To eliminate them, adequate motivation and efficient education should be used.
Indispensable measures include motivation to long-lasting changes, to increasing health literacy of
the Roma and regular monitoring of basic health indicators. However, the impact of the other risk
factors cannot be omitted in the given context. The risk factors include primarily lack of exercise,
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risk behaviors (smoking), socioeconomic factors related to financial security, and housing and life in
socially excluded localities.

Table 4. Resulting categories.

Category Subcategory

Life style

Weekday
Leisure time activities

Prevention
Risky behavior

Eating habits
Food components
Traditional cuisine

Food intake

Motivation Reduction efforts
Consequences

Attitude Perception of overweight and obesity
Preference of figures

Body image Weight
Life satisfaction

4. Discussion

The prevalence of obesity in Europe is regularly confirmed in a range of 10–40% of the population.
In addition to a genetic predisposition, the main causes include lifestyle and underestimation of the
seriousness of the complications related to this disease [21]. Further determinants are: influence of
the environment, improved economic situation of individuals or ethnic differentiation. The economic
situation is closely related to education and income level of the population. Thus, it can be stated
that the obesity in highly developed countries, including the Czech Republic, is more frequent in
inhabitants with lower education and lower income, as well as in rural populations. On the contrary,
the obesity in developing countries is rather related with higher social status and social prestige [5,22].
With regards to ethnicity, it is assumed that ethnicity is often a more significant predictor for overweight
and obesity in children than social class or other socio-economic variables [23–26]. The results of the
present study clearly suggest that, according to the above stated indicators, the Roma are at increased
risk of obesity.

Normal waistline values were found in 21.4% of Roma females in the examination. In the
present study the majority of the Roma participants had increased waist measurements and high
BMI. Reported lifestyle factors such as unemployment and late rising (often at 10–11 a.m.) likely also
contribute to obesity risk. Similarly, the qualitative findings found Roma to be underemployed with a
lifestyle of sedentary activities (sitting at the computer, watching TV, contact with friends and relatives,
or sleeping). However, some were aware of the positive effect of exercise and reported that when they
exercised, they had less backache or pains of legs and arms.

Risk behaviors—primarily smoking—are determined by lifestyle to some degree. The respondents
of the qualitative phase included more than one half of smokers; the smokers could be divided into
two groups. The first group included persons who smoked less than 10 cigarettes a day; the second
(comparably large) group would include person who smoke more than a pack of cigarettes a day.
A distinct representation of smokers among the Roma is reported also by Urban and Kajanová [27].
They examined a sample of 164 Czech Roma and found 63.5% of males were smokers, and 58% of
females. They add that the respondents started smoking at 14 years of age on average. The results
related to consumption of alcohol were a little more positive. Occasional or no consumption prevailed
among the respondents.

The area of nutrition of the Roma minority is described well in the following quotation [28]:
“The Roma may be as poor as a church mouse, but must have enough food, even if there may be
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nothing left for tomorrow.” These words suggest the usual eating habits. Eating is not a regular ritual,
but it is closely related to the status of the family [12,29]. At present, the Roma families cook a lot,
particularly after the payment of wages of social or other benefits. The parents often try to give their
children everything they were deprived of. Children’s food is usually not distinguished from the
adults’ food; meat, smoked meat products, and sweets are mostly consumed. Fruits and vegetables
are not frequently consumed [30]. A very low intake of fruits and vegetables is confirmed also by
Stávková and Derflerová Brázdová [31]. They also reflect on the issue of nutrition literacy, as their
study showed that only 15.7% of the Roma respondents (n = 102) knew the recommendations with
respect to minimum fruit and vegetable intake. Consumption of fruits and vegetables was also low,
and most were cooked: “Well, yes, I eat them. We always have them. Raw, no. Not even salad, nothing.
Only in meals. No, not every day, about twice a week” (Jolana). The most frequently consumed
vegetables included tomatoes, peppers, cucumbers and carrots. In contrast, the traditional Roma meals
constitute an integral part of the Roma diet. Oláhová [28] includes goja and flour pancakes among
them. Very thick soups are reported by Davidová [30]. Our respondents reported, additionally to
goja, also halusky, filled cabbage, pork with dumplings and fasulja, a traditional thick soup. They also
reported eating such meals only several times a month, i.e., they did not perceive their consumption as
too frequent. One of the female respondents characterized the Roma cuisine as follows: “The Gypsies
have the marikl’a, halušky, fasulja (that is bean soup). We love meat. You can see meat, schnitzel,
pork on Gypsy tables. Just meat, fatback, dumplings, pork, yeah. Meals of that kind. Pishot is a
Gypsy meal too. Sweet triangles with cream cheese and marmalade. And the Gypsies have four to five
meals, just a lot of food. And the Gypsies are used to put food on the table, if they have it. You know,
we like eating. But attention, the Gypsies love oil, fat.” (Irena). The above stated characteristics
of traditional Roma cuisine may explain, to some degree, the preference for some side dishes (e.g.,
potatoes, dumplings, etc.). The analysis of the qualitative data also suggested the importance of
attitude to overweight and obesity. This is primarily a result of the respondents’ own experiences and
health conditions, and is influenced by sociocultural background. A possible relationship between the
social pressure directed at the preferred physical appearance across different cultures, and between the
determinants like education, degree of acculturation, or BMI is confirmed also by Cachelin et al. [32].
Although our respondents did not perceive the difference between overweight and obesity, many
of them had their own experience of the consequences of such conditions. They most frequently
reported leg pain, breathlessness (primarily when climbing stairs and running to catch the bus), and
backache. Some women mentioned also the impact on the individual’s appearance, which is, however,
not necessarily sufficient motivation for change: “Well, great. Primarily appearance. Health impact
not much, well, the legs, nothing. But only when I looked at the mirror, nothing suited me. I took it
off.” (Irma), “Well, you cannot dress everything; although now I have lost some weight.” (Irena).

The Roma may be at increased risk of eating disorders as well as higher weight through factors
such as less regular eating and a culture of moderate overconsumption. Culturally-based behavior
patterns appear to be very important determinants of eating habits. Also evident is the impact
of perception of overweight and obesity, body image, lifestyle, and in living in socially excluded
localities. On the other hand, the decreased regard for health benefits of weight loss may be protective.
Further studies are needed to examine disordered eating behaviors such as binge eating in Roma
and whether increased exposure to the ‘mainstream’ attitudes to weight and shape may result in an
increase in eating disorders.

5. Conclusions

Remedial risk factors for overweight and obesity in the Roma respondents we approached
included primarily inactivity, lifestyle, and inappropriate structure of food together with eating habits
and, to some degree, socioeconomic factors such as living in socially excluded localities. It has also been
found that the Roma do not differentiate between overweight and obesity. They call both conditions
“fat” and they often related increased weight primarily to a disease or to overeating. It is unknown to
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what degree these attitudes may however protect them from eating disorders common in the other
European populations.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/10/7/838/s1,
Figure S1: Visualization of relations.
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Abstract: Low energy availability (LEA) and nutrient intake have been well studied in able-bodied
athletes, but there is a lack of research examining these issues amongst athletes with spinal cord
injury (SCI). To date, there have been no studies that have examined energy availability (EA) amongst
this population. Furthermore, athletes with SCI may experience unique challenges around nutrition
that may increase their risk of LEA. This review will evaluate the literature and assess whether this
population is at risk for LEA. Due to the limited research on this topic, sedentary individuals with
SCI and para athletes were also included in this review. Review of the current literature suggests
that athletes with SCI may be at an increased risk for LEA. While research examining EA and risk of
LEA in athletes with SCI is lacking, the number of athletes with SCI continues to increase; therefore,
further research is warranted to assess nutrient and energy needs and their risk to this population.

Keywords: spinal cord injury; athlete; energy availability; nutrient deficiency; low energy availability;
bone mineral density; para athlete; menstrual dysfunction; Female Athlete Triad; Relative Energy
Deficiency in Sports (RED-S)

1. Introduction

Energy and nutrient availability have been widely studied in able-bodied athletes; however,
there is a lack of research examining energy availability (EA) and nutrient intake in para athletes,
including athletes with a spinal cord injury (SCI). Para athletes are defined as athletes with physical
disabilities [1–3]. Athletes who experience an SCI are a specific group within the para athlete group.
While there is no research specially looking at EA amongst athletes with SCI, some studies assessing
energy intake and expenditure have suggested that this population may be at increased risk for LEA.

Low energy availability (LEA) can lead to menstrual dysfunction and low bone mineral density
(BMD) in able-bodied athletes. These conditions are included in the Female Athlete Triad (Triad)
and are characterized on a spectrum ranging from optimal health to a disease state. The Triad fits
within the more recent, broader, and more comprehensive term for the condition called Relative
Energy Deficiency in Sport (RED-S) [4,5]. LEA and components of the Triad and RED-S can lead to
decreased athletic performance and serious short and long-term health consequences. This highlights
the need for early detection, diagnosis, and treatment of these medical conditions amongst male and
female athletes [4,5].

Athletes with SCI have differing energy requirements and bone densities compared to the
able-bodied population. This makes it more challenging to identify whether this group is at risk
for LEA, and yet this research is even more vital given this lack of knowledge and growing number
of athletes with SCI [1]. While menstrual dysfunction and low BMD may be caused by LEA in the
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able-bodied population, these conditions may be related to the athlete’s disability rather than LEA in
the para athlete population, including athletes with SCI [1,2].

Health issues associated with SCI may also put these athletes at a greater risk for LEA. Pain
associated with the injury may decrease appetite, while medications used to manage pain may cause
constipation or nausea. Kidney and bladder infections are more common amongst athletes with SCI
compared to able-bodied athletes. The use of antibiotics to treat or prevent these infections may cause
diarrhea or a decrease in gut bacteria, which could result in compromised gut health and nutrient
absorption. Challenges around grocery shopping and preparing food due to physical limitations may
also influence energy intake. In addition, athletes with SCI may experience difficulties swallowing,
leading to decreased food intake. Finally, individuals with SCI may increase fiber intake to regulate
bowels, although excessive fiber intake may decrease overall energy intake, since it has a slower gastric
emptying time.

Oftentimes, when an individual experiences an SCI, they receive nutrition counseling focusing
on weight management, since their energy needs are decreased compared to those of an able-bodied
individual. When they become an athlete however, their energy needs increase compared to sedentary
individuals with SCI. Given that there is a paucity of research around the nutritional needs of athletes
with SCI, these athletes may not receive proper education or guidance around their adjusted calorie
needs and thus may be at increased risk for LEA.

The number of athletes participating in para sport is increasing with a record number of athletes
participating in the 2018 Winter Paralympics in PyeongChang [6]. In addition, the number of athletes
participating in the 2016 Summer Paralympics in Rio was over 4300 [7]. Para athletes, including athletes
with SCI, may be at risk for inadequate dietary intakes, and thus more research is needed amongst this
population [1–3,8–11]. This review evaluates the literature examining EA, LEA, and related conditions
among athletes with SCI.

2. Materials and Methods

A review of literature was conducted between January and May of 2018 using PubMed.
Search terms included BMD, EA, nutrient intake, SCI, para athlete, total energy expenditure (TEE),
energy intake (EI), exercise energy expenditure (EEE), LEA, and menstrual function in reference to
athletes with SCI. Persons with an SCI include people with full or partial paralysis to parts of their
body due to an injury to the spinal cord. Paraplegia and tetraplegia are the result of a complete or
incomplete injury to the spine. Original research, reviews, and relevant books published in 1985 or later
were included in the search. To date, we have been unable to find any research studies examining EA in
athletes with SCI. In addition, there was limited data specifically related to athletes with SCI (who are
defined as someone who has experienced an injury to their spinal cord and now participates in sports).
Therefore, research using sedentary individuals with SCI and para athletes (who are defined as athletes
with a disability that may be SCI but could also include amputation, spina bifida, visual impairment,
cerebral palsy, or acquired brain injury) was also included.

3. Results

3.1. Energy

3.1.1. Energy Intake

Collection tools such as food journals and food frequency questionnaires have limitations and
great difficulties in accurately capturing energy intake and thus create challenges around accurate
assessment and data collection [12]. Participant-recorded food journals may reflect underreporting
of energy and nutrient intake, as subjects tend to underestimate portion sizes or fail to include all
food consumed during the collection timeframe. It is estimated that amongst athletes, underreporting
accounts for 10–45% of total energy expenditure [13]. Most studies included in this review paper
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used a 24 h or 3-day food record as their collection method and did not correct for underreporting
amongst subjects. Disadvantages to this method include high subject burden and cooperation, and may
cause altered diet behaviors due to act of recording food intake [14]. While short term food journals
are primarily used, it is estimated that a diet record may need to be kept for 27–35 days in order to
accurately assess energy intake in male and female subjects [14]. In addition, many studies assessing
energy intake amongst para athletes, including athletes with SCI, use food journals while athletes are
at training camp facilities where meals are provided. While this may enable more accurate estimation
of nutrient intake, it may provide an inaccurate picture of what the athlete is consuming at home
when food choices may be different, although Krempien et al. [9] found no difference in overall
energy intake when athletes kept a 3-day food journal at home versus at training camp. Obstacles
associated with grocery shopping, food preparation, and cooking may provide additional challenges
amongst athletes with SCI who have limited accessibility. These obstacles may greatly impact athletes’
food choices and may put them at greater risk of experiencing inadequate food and nutrient intake
and thus LEA. Dysphagia (difficulty swallowing) and slower gastric emptying are conditions some
athletes with SCI experience; they can also increase the risk of inadequate energy and fluid intake [3].
Medications commonly used by individuals with SCI may cause unwanted side effects such as nausea,
gastrointestinal upset, poor sleep patterns, and changes in gut bacteria and appetite. These side effects
may influence diet, energy intake, and nutrient absorption of athletes with SCI [3].

Studies have found that energy intakes amongst male para athletes vary greatly, ranging from
23–64 kcal/kg/day [11]. Despite lower energy needs, athletes with SCI may still be consuming too few
calories [15,16]. Madden et al. [16] found that elite male and female wheelchair athletes consumed
on average 2092 kcal/day and 1602 kcal/day, respectively. Similar trends were observed in male and
female athletes with SCI with average energy intake found to be comparable to or lower than the
energy intake recommendations of sedentary, able-bodied individuals [8–10].

While Grams et al. [11] found a higher average energy intake amongst male wheelchair basketball
players (2673 kcal/day) compared with other studies, energy intakes ranged considerably between
individuals from 1597 to 3651 kcal/day. This suggests that there is a wide variation in energy intake
amongst this population even within the same sport [11]. This variation is likely due to differences in
body weight, disability, and injury level. While more research needs to be done, actual energy intake
amongst athletes with SCI is considerably lower compared to recommendations for able-bodied
athletes. Given that male and female athletes with SCI have increased physical activity levels,
their energy needs are likely greater than able-bodied sedentary individuals and thus their intake may
be too low [11,17].

3.1.2. Total Energy Expenditure (TEE)

Total energy includes resting metabolic rate (RMR), thermic effect of feeding (TEF), and physical
activity. RMR measures the energy that your body burns while at rest. Male and female athletes with
SCI have lower energy requirements compared to able bodied athletes [3,17–19]. In addition to the
amount of physical activity, level and severity of spinal cord lesion also play a role in determining
overall energy expenditure of an individual. TEE studies have primarily been conducted in able-bodied
persons and athletes, while limited studies have assessed energy expenditure in the SCI population.
Furthermore, most work has been done in clinical settings on sedentary individuals with SCI, therefore
little is known regarding the energy cost of wheelchair-based activities. Table 1 shows studies that
have examined energy expenditure in para athletes including athletes with SCI. It should be noted
that in order to measure TEE, fat free mass (FFM) needs to be assessed. Most studies used dual-energy
x-ray absorptiometry to assess body composition.
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Table 1. Overview of studies that have examined energy expenditure amongst para athletes including
athletes with SCI.

Reference Subjects Methods Results

Buchholtz et al. [18] 34 control
28 paraplegics with SCI

indirect calorimetry
following 12-h fast

RMR C: 1676 ± 223 kcal/day
RMR SCI: 1472 ± 228 kcal/day

(No diff. when adjusted for FFM)
TEF C: 6.25 ± 2.2%

TEF SCI: 5.53 ± 1.8%

Pelly et al. [20] 7 M WC athletes with SCI
and 6 able-bodied controls

indirect calorimetry
following 12-h fast

RMR no difference found between groups
When adjusted for LTM:
SCI: 35 ± 7 kcal/kg LTM
C: 30 ± 2 kcal/kg LTM

Prediction equations—not warranted for SCI population

SCI = spinal cord inury, RMR = resting metabolic rate, C = control subjects, FFM fat free mass, TEF = thermic effect
of feeding, WC = wheelchair, LTM = lean tissue mass.

3.1.3. Resting Metabolic Rate (RMR)/Basal Metabolic Rate (BMR)

It has been suggested by Mollinger et al. [21] that individuals with SCI may have a 12–27% lower
basal metabolic rate (BMR) when compared to able-bodied individuals [21]. In Mollinger’s study,
BMR was measured on three consecutive days using 10-min samples of expired air shortly after the
subject was awakened in the morning. The variance in BMR in individuals with SCI is correlated
with the level of lesion and whether the injury is a complete or incomplete lesion [21]. A lower BMR
is associated with a higher level of lesion. A complete injury is also associated with a lower BMR
compared to an incomplete SCI, which allows for limited nerve signaling from the spinal cord to
brain and possible limited movement and sensation below the injury site. The greatest difference in
BMR compared to the able-bodied population is believed to be due to decreased muscle mass and
increased adipose tissue in individuals with SCI. Furthermore, studies have suggested that when
adjusted for lean body tissue, there is no difference or possibly even a greater RMR in individuals with
SCI compared with a control group of able-bodied individuals [17,18,20]. Interestingly, Pelly et al. [20]
found that when adjusted for lean tissue mass (LTM), RMR was actually higher in athletes with SCI
compared to controls. This suggests that athletes with SCI were using more calories per kg of LTM.
These results may be due to the greater metabolic activity of the viscera compared to skeletal muscles
at rest [20]. Both Pelly et al. [20] and Buchholz et al. [18] measured RMR with subjects in a reclined
position, refraining from caffeine and exercise for 24 h prior to testing and following a 12 h fast. Females
were self-reported to be in the follicular phase of their menstrual cycle. Buchholz et al. [18] used male
and female wheelchair athletes, while Pelly et al. [20] used male athletes with SCI as subjects.

Accurately measuring TEF is very challenging. This review looked at two studies examining
differences in TEF in the SCI population compared to the able-bodied population. Both Aksnes et al. [22]
and Buchholz et al. [18] found no significant difference in TEF between individuals with SCI and
able-bodied controls. Aksnes et al. [22] measured TEF in the morning after subjects had gone through
an overnight fast of 12–14 h. Expired gas was collected from subjects using a mouth piece for
measurements of ventilation. Respiratory gas exchanges were measured using a pneumotachograph
and paramagnetic and infrared analyzers for oxygen and carbon dioxide, respectively. Expired gas was
collected for 30 min in the resting state and for 7 min at the end of each 15-min time segment for 2 h
post prandial. Venous blood samples were taken before and every 15 min post prandial to determine
plasma concentrations of glucose and insulin. The meal was in a liquid form and was comprised
of 52% carbohydrate, 37% fat, and 11% protein. The control group received only water in the same
corresponding volume of the liquid meal provided to the other group.

Buchholz et al. [18] also measured TEF using indirect calorimetry for 2 h post prandial. Subjects
reported for the study following a 12 h fast. Expired air was measured using a ventilated canopy for 60 min
with the last 40 min of the data used. TEF was then measured with indirect calorimetry for 120 min after the
plateau blood sample and following consumption of a mixed liquid meal consisting of 55% carbohydrate,
30% fat, and 15% protein. The dose of the meal was calculated to be 30% of RMR for each subject.

50



Nutrients 2018, 10, 1078

3.1.4. Exercise Energy Expenditure (EEE)

It is estimated that male and female athletes with SCI have 25–75% lower energy needs compared
to able-bodied athletes [17]. Expended energy depends on the sport and level of injury. For example,
male wheelchair basketball players are estimated to expend 75% of the calories expended by able
bodied basketball players. An even greater energy discrepancy is found in men’s rugby, where it’s
estimated that wheelchair rugby players expend only 26% of the calories expended by able bodied
male rugby players [17].

Numerous tools have been used to assess energy expenditure amongst individuals with SCI,
including indirect calorimetry, heart rate monitoring, accelerometers, and energy expenditure
questionnaires including the Physical Activity Recall Assessment for People with Spinal Cord Injury
(PARA-SCI) and the Leisure Time Physical Activity Questionnaire for People with Spinal Cord Injury
LTPAQ-SCI [23,24]. However, there are limitations surrounding these methods when applying them to
athletes with SCI [2]. As a result, there is insufficient research to determine a validated gold standard
for assessing energy expenditure in athletes with SCI [20,23].

In addition, individuals with SCI, particularly those with a high level spinal lesion, may have
reduced sympathetic nervous system (SNS) availability compared to able-bodied individuals. The SNS
is involved with hepatic glycogenolysis and gluconeogenesis, and thus may impact the metabolism
of athletes with SCI [17]. Individuals with SCI also have reduced muscle mass available for exercise
capacity [17,19]. This, combined with a decrease in SNS activity and lower VO2peak and peak power
output, can result in reduced exercise capacity compared with able-bodied controls, suggesting that
these athletes may expend less energy compared to able-bodied athletes doing the same activity [19].

Some studies have measured energy expenditure while athletes are living at training camps.
Distances between living and training quarters, as well as terrain, can all significantly impact the
energy expenditures of these athletes, since the calories expended getting to these locations may be
greater compared to that of able-bodied individuals. Thus, energy expenditure may differ drastically
depending on the athlete’s setting. Mode of ambulation and completeness of injury may also differ,
which influences energy expenditure and makes it harder to assess energy expenditure in athletes
with SCI. Although further research is warranted, non-exercise activity thermogenesis (NEAT) may
be greater in people with SCI given that it may be more challenging to accomplish daily activities,
while energy cost during structured exercise may be lower than what is observed in able bodied athletes.

3.1.5. Energy Availability

Research has yet to examine EA in athletes with SCI. However, some literature looking at energy
intake or energy expenditure suggests that both male and female athletes with SCI may demonstrate
risk factors for LEA [1,3,25]. EA is calculated as total energy intake (kcals) minus exercise energy
expenditure (kcals) divided by kilograms (kg) of fat free mass (FFM). Optimal energy availability in
female athletes is believed to be >45 calories per kilogram of FFM. Reduced energy availability in this
population is defined in the literature as <45 kcals/kg/FFM, and LEA is defined as less than 30 calories
per kilogram of FFM per day, although may be lower amongst males [4,5,26–28]. These cutoffs may not
predict associated consequences amongst all athletes, including males, and have yet to be validated
in athletes with SCI [5]. Thus, this equation and reference ranges may be inappropriately applied to
athletes with SCI due to their lower active muscle mass, decreased mobility, and reductions in the
sympathetic nervous system due to paralysis [17,18].

When an athlete experiences reduced EA, subclinical menstrual disorders and low BMD may
occur [29]. Identifying whether an athlete with SCI has LEA is challenging, since these conditions may
be present regardless of EA. Melin et al. [26] estimated that 63% of elite, able-bodied female endurance
athletes were found to have either low (<30 kcal/kg FFM/day) or reduced EA (<45 kcal/kg) over a
7-day study period [26]. However, the incidence of LEA amongst male and female athletes with SCI
has yet to be determined.
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LEA can be acute, chronic, or intermittent. There is currently no established guideline pertaining
to the length of time an athlete must be experiencing LEA in order to be considered at “chronic” LEA.
For example, many research studies use short term/acute tools such as 24 h or 7-day food journals
to collect data, which may over or under estimate energy intake and result in inaccurate conclusions
around long term energy availability amongst athletes. However, even a short timeframe of LEA is
believed to be disruptive to metabolic substrate and hormone function. Loucks and Thuma [30] found
that after only 5 days of LEA (<30 kcal/kg FFM/day), adult females experienced reductions in blood
glucose levels and hypothalamic pituitary-axis hormones [30].

Gorgey et al. [15], using indirect calorimetry and four 5-day participant recorded food diaries,
suggested that calorie intake amongst sedentary males with SCI using either a manual or power
wheelchair was significantly lower than estimated total energy expenditure (TEE).

3.1.6. Nutrition Knowledge and Behaviors

Poor nutrition knowledge has been suggested to be a risk factor for inadequate energy intake
amongst able-bodied athletes [31,32]. Zawila et al. [31] found that 83.3% of abled bodied female
cross-country runners responded yes to the statement “Does your knowledge of nutrition affect
how you eat?”. While it is unknown what effect this has on their nutrition, 91.7% of subjects in the
same study strongly agreed or agreed with the statement “Learning facts about nutrition is the best
way to achieve favorable changes in food habits”. Nutrition knowledge amongst athletes with SCI
may be lacking. Research suggests that para athletes may be lacking in nutrition knowledge [25,33].
Eskici and Ersoy [25], using a 76-question nutrition knowledge questionnaire, found that the majority of
female wheelchair basketball players in their study had inadequate nutrition knowledge, particularly
pertaining to sport nutrition-specific information such as nutrition recommendations to support
recovery and hydration of athletes.

Nutrition support provided to para athletes varies between countries and is still relatively new,
although it is increasing across the globe. In the USA, para athletes and many able-bodied sports are
not supported by the National Collegiate Athletic Association (NCAA), and hence these teams and
athletes may not receive the nutritional resources and support that other athletes receive [2]. The lack
of knowledge amongst the population highlights the need for access to a registered sports dietitian to
improve nutrition and decrease the risk for LEA.

3.2. Risk for Disordered Eating

3.2.1. Attitudes about Eating

More research is needed regarding the eating attitudes and behaviors of athletes with disabilities,
as there is no research looking at the prevalence of eating disorders amongst athletes with SCI.
However, because athletes with SCI may have lower energy needs, this population may be at risk
for disordered eating [1,34]. Krempien et al. [34] found that male athletes with SCI exhibited strong
tendencies towards cognitive dietary restraint, while female athletes with SCI exhibited similar scores to
able-bodied populations. Both male and female athletes with SCI showed lower scores for disinhibition
and hunger compared to able-bodied individuals, suggesting that they may monitor body weight for
sport. While the reason for this is not currently understood, it should be noted that this characteristic
could put this population at risk for LEA [34].

3.2.2. Leanness in Sports

In the able-bodied population, athletes competing in a sport emphasizing leanness may be at
increased risk of LEA compared with athletes competing in other sports. However, this correlation is
not a well-established risk factor amongst para athletes. Krempien et al. [34] suggested that elite athletes
with SCI display behaviors that may be associated with LEA, such as strong tendencies towards dietary
restraint and restriction of energy intake (Table 2). Blauwet et al. [35] found that there was no difference
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around risk for low energy intake amongst male and female para athletes who competed in sports
emphasizing leanness compared to other sports. This suggests that para athletes may be at risk for
LEA regardless of sport. In addition, 40% of subjects reported currently trying to lose weight, and 61%
reported attempting to change their body composition to improve their performance [35]. While more
research is warranted, the responses show that athletes with SCI may be at an increased risk for LEA.

Table 2. Research examining risk of disordered eating and eating behaviors amongst para athletes,
including athletes with SCI.

Reference Subjects Methods Results

Krempien et al. [34] 32 M/F athletes w/SCI TFEQ M—strong tendency towards cognitive restraint
M/F—lower scores for disinhibition and hunger

Blauwet et al. [35] 248 M/F para athletes Online questionnaire 40% reported currently trying to lose wt
61% reported attempting to change body composition

Male = male, F = female, SCI = spinal cord injury, TFEQ = Three Factor Eating Questionnaire, Wt = weight.

3.3. Nutrients

3.3.1. Macronutrient Intake

Based on the recommendation used for able-bodied athletes, athletes should consume between
3.0–12.0 g of carbohydrate (CHO)/kg of body weight (BW) and 1.2–2.0 g of protein/kg BW [36].
These ranges accommodate variances due to sport, intensity, duration, etc. The literature review found
limited studies examining the macronutrient intake of para athletes, and most studies used 24-h food
journals (Table 3). Madden et al. [16] found that male and female elite wheelchair athletes had a mean
intake of 3.5 g CHO/kg BW. Females consumed less protein at 1.4 g protein/kg BW, while males
consumed 1.6 g protein/kg BW. Gerrish et al. [8] and Goosey-Tolfrey et al. [10] found similar results,
with wheelchair athletes consuming between 3.1–4.3 g CHO/kg BW, females consuming 1.0–1.1 g
protein/kg BW, and males consuming 1.4–1.7 g protein/kg BW. While these technically fall within the
appropriate range, carbohydrate intakes for both sexes and protein intake for females are at the lower
end of recommendations, which may suggest increased risk of low energy intake.

Table 3. Overview of studies examining macronutrient intake of para athletes.

Reference Subjects Methods Results-Macronutrients

Gerrish et al. [8] 39 M/F SCI athletes Self-reported, single 24-h food
journal in autumn and winter

Fall:
Energy (M): 1893 ± 725 kcal/day
Energy (F): 1602 ± 718 kcal/day

CHO (M/F): 3.5 ± 1.17 g/kg
Pro (M/F): 1.4 ± 0.2 g/kg

Winter:
Energy (M): 1,669 ± 683 kcal/day
Energy (F):1463 ± 844 kcal/day

CHO (M/F): 3.1 ± 0.8 g/kg
Pro (M):1.2 ± 0.4 g/kg

Krempien et al. [9] 32 M/F SCI athletes 3-day self-reported food journal
kept at home and training camp

Energy (M): 2156 ± 431 kcal/day
Energy (F): 1991 ± 510 kcal/day

CHO (M/F): 4.4 ± 1.1 g/kg
Pro (M/F):1.4 ± 0.4 g/kg

Grams et al. [11] 17 M WC BB athletes
3-day weighted food journal over 3
consecutive days during 3 training

camps over 2 consecutive years.

Energy: 2673 ± 485 kcal/day
CHO: 3.9 (1.8; 8.1) g/kg

Pro: 1.7 ± 0.6 g/kg

Eskiki and Ersoy [25] 22 F WC athletes 24-h retrospective diet recall
Energy: 2867.8 ± 23.6 kcal/day

CHO: 5.3 ± 1.5 g/kg
Pro: 1.6 ± 0.3 g/kg

Madden et al. [16] 40 M/F Paralympic athletes 3-day, consecutive self-reported
food journal

Energy (M): 2092 (1695–2690) kcal/day
Energy (F): 1602 (1439–2059) kcal/day

CHO (M/F): 3.5 ± 1.1 g/kg
Pro (M/F): 1.5 (1.3–1.7) g/kg

Intakes are presented as mean and standard deviation or mean and range. M = males, F = females, SCI = spinal cord injury,
Energy = energy intake, CHO = carbohydrate, Pro = protein, WC = wheelchair, BB = basketball, TEE = total energy expenditure.

53



Nutrients 2018, 10, 1078

3.3.2. Micronutrient Intake

Inadequate macronutrient intake may cause athletes with SCI to experience low micronutrient
intake [3,8–11,25]. To the best of our knowledge, with the exception of vitamin D, there is no data
looking at actual micronutrient status amongst individuals with SCI. It is, however, well documented
that athletes with SCI are at increased risk for vitamin D deficiency [37], and they may be lacking in
additional nutrients. The prevalence of vitamin D deficiency or insufficiency ranges from 32–93%,
which is high compared to the able-bodied population. Some factors influencing deficiency include
immobility, lesion level, the presence of pressure ulcers, and whether the person practices their
sport indoors or outdoors [37]. Table 4 includes studies found in the literature review that examined
micronutrient intake of para athletes. Krempien et al. [9] found that over 25% of male and female
athletes with SCI had micronutrient intakes below the Estimated Average Requirement (EAR) for
calcium, magnesium, folate, and vitamin D. Vitamin and mineral supplementation increased overall
micronutrient intake amongst men, while supplement use amongst women did not significantly
change their nutrient intake. Even when factoring in supplement use, athletes still did not consume
adequate amounts of these nutrients [9]. Gerrish et al. [8] found that during winter training camp, over
60% of female athletes with SCI failed to meet the EAR of many micronutrients including vitamin D,
vitamin B6, vitamin B12, vitamin C, folate, calcium, iron, magnesium, and zinc. Male athletes displayed
similar trends around micronutrient insufficiencies [9,11]. Madden et al. [16] suggested that while
para athletes met most of their micronutrient RDAs, females fell short for iron and calcium, while
males did not meet the RDA for vitamin A and folate. In addition to deficiencies related to diet,
impairments and altered GI function associated with SCI may also put an athlete at greater risk for
micronutrient deficiencies compared to able-bodied athletes [3]. Lastly, there are challenges around
accurately assessing true micronutrient intake. Studies that use food journals as a collection method
may have underreporting issues. The studies that we included in our review utilized this collection
method, so it should be noted that this is a limitation to the data presented.

Table 4. Overview of studies examining micronutrient intake of para athletes, including athletes with SCI.

Reference Subjects Methods Reference Tool Results-Micronutrients

Gerrish et al. [8] 39 M/F
SCI athletes

Self-reported, single 24-h food
journal in autumn and winter EAR

Low: vitamin B6, vitamin B12,
vitamin C, folate, calcium, iron,

magnesium, zinc

Krempien et al. [9] 32 M/F
para athletes

3-day, self-reported food
journal kept at home and

training camp
EAR

Low: (M)-calcium, magnesium,
zinc, riboflavin, folate,

vitamin B12, vitamin D
(F)-calcium, magnesium, folate,

vitamin D

Goosey-Tolfrey [10] 23 M/F WC
para athletes

7-day consecutive,
participant-reported weighed

food journal
UK DRV Low: iron, fiber

Grams et al. [11] 17 M WC BB
para athletes

3-day food weighed journal
over 3 consecutive days

during 3 training camps in 2
consecutive years

RDA Low: vitamin E, calcium

Eskiki and Ersoy [25] 22 F WC
para athletes 24-h retrospective diet recall RDA Low: vitamin B1, folic acid,

magnesium, iron, fiber

Madden et al. [16] 40 M/F
Paralympic athletes

3-day consecutive,
self-reported food journal RDA Low: (M): vitamin A, folate

(F): iron, calcium

M = male, F = female, SCI = spinal cord injury, EAR = Estimated Average Requirement, DRI = Dietary Reference
Intake, UK DRV = UK Dietary Reference Value, WC = wheelchair, BB = basketball, RDA = Recommended
Dietary Allowance.

These studies suggest that regardless of whether energy and macronutrient intakes are adequate,
athletes with SCI must maximize their diet with high nutrient-dense foods, given their lower energy
“budget” compared to able-bodied athletes [2]. However, nutrient-dense foods may be perceived as
expensive. Athletes with SCI are not supported by the NCAA, and very few are professional athletes;
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thus, financial restrictions may also influence food choices and increase the intake of low nutrient-dense
foods by athletes with SCI. Inadequate consumption of these nutrients may put an athlete at risk for
poor bone health, low energy levels, compromised immunity, and other health concerns associated
with these nutrient deficiencies.

3.4. Menstrual Dysfunction

Menstrual dysfunction refers to various irregularities including oligomenorrhea, which is defined
as experiencing nine or fewer menstrual periods over a 12 month timeframe, or secondary amenorrhea,
which is defined as cessation of menses for at least three consecutive months [38]. These definitions
are once again used for both the female able-bodied population and those with disabilities.

Menstrual dysfunction can occur when an athlete has LEA (<30 kcal/kg FFM). It is well
documented that menstrual dysfunction not only has an impact on reproductive health but can also
lead to negative health consequences, including increased risk around the number of cardiovascular
risk factors and premature osteopenia and osteoporosis [26,39]. BMD may decrease as the frequency
of missed menstrual cycles increases. Menstrual dysfunction was identified as an independent
predictor of bone stress injuries (BSI) when using the 2014 Female Athlete Triad Cumulative Risk
Assessment [40]. Furthermore, prevalence of stress fractures is 2–4 times greater in amenorrheic
athletes than eumenorrheic athletes [40].

The majority of research suggests that while changes in menstruation may occur after the acute
phase post SCI, no chronic disruptions in menstrual function have been noted amongst females
with SCI [1,38,41,42]. Stress experienced from the trauma of the injury and dysfunction of the
hypothalamic-pituitary axis as a result of the injury may occur. In turn, acute low levels of sex hormones
can temporarily stop menses [1]. Females with SCI typically resume menstruation 5 or 6 months
following their injury (on average), while many athletes experience no disruptions in menstruation
whatsoever [1,38,42]. Adolescent females who sustained a SCI prior to menarche experience the onset
of menses at an age similar to that of their mothers and to individuals with SCI who were injured after
menarche [38]. In addition, the level of lesion amongst females with SCI does not seem to influence
length or duration of menses, and fertility is believed to be unimpaired in individuals with SCI [38,42].

There is currently limited research examining low energy availability and menstrual health amongst
athletes with SCI. However, Blauwet et al. [35] found that 32% of pre-menopausal female para athletes
(including athletes with SCI and other conditions) reported oligomenorrhea. While more research is
warranted, this suggests that female para athletes, including athletes with SCI, may have a high prevalence
of menstrual dysfunction. Whether this is due to LEA or other reasons is yet to be determined.

Recent data suggests that 27.6% of US and 30.0% of UK women of reproductive age use
hormonal contraceptives [43,44]. Contraceptive use to manipulate or delay menstruation may be a
tool implemented by female athletes, since menstruation and menstrual symptoms may be perceived
as barriers to physical activity [45]. In a recent study, 50% of elite female athletes believed that
their menstrual cycle affected training and performance [46]. Martin et al. [47] found that 50% of elite
able-bodied athletes were currently using hormonal contraceptives. The use of hormonal contraceptives
may be higher amongst elite athletes compared to that of the general population [48]. The use of
contraceptives amongst athletes with SCI is unknown.

Martin et al. [47] found that of the elite athletes using hormonal contraceptives, many reported
benefits around the ability to predict and/or manipulate their menses [47]. Schaumberg [45] found
that 73% of competitive female athletes reported manipulating their menstrual cycle at least once over
the past year. Of that group, 54% reported doing so for sports-related training or competition [45].
While there is no research pertaining to contraceptive use or manipulation of menses amongst athletes
with SCI, this rate may be equal or even greater given that menstruation management may be
perceived as more challenging or difficult amongst this population. Practitioners should be aware that
contraceptive use may mask menstrual dysfunction and make it harder to assess risk of LEA and the
Triad amongst athletes with SCI.
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3.5. Bone Mineral Density

Low BMD places an athlete at increased risk for osteoporosis, in which bones become fragile and
brittle [49]. While osteoporosis cannot be diagnosed by z-score alone, a BMD z-score ≤ −2.0 is defined
as “below the expected range for age” for males and females [29,50], while a z-score < −1.0 defines
low BMD in female athletes in weight-bearing sports [29,39]. However, it is unclear whether these
are appropriate diagnostic criteria for people with SCI [1]. In addition, low BMD can increase the risk
of bone-related injuries such as bone and stress fractures. While research varies around frequency,
it is estimated that the prevalence of osteopenia is between 22 and 50%, while the prevalence of
osteoporosis is between 0 and 13% in able-bodied female athletes [39].

BMD declines drastically during acute phase post SCI and then continues to decline at a slower
rate long-term. Osteoporosis is common amongst individuals with SCI due to reduced skeletal loading
experienced over time [51]. Compared with males, females with SCI are at an even greater risk of
developing osteoporosis due to progressive decline in bone mass associated with estrogen loss with
aging in addition to the decline in BMD related to SCI [52]. Loss of BMD in the proximal femur occurs
within 1-year post injury and can reach a fracture threshold, thus increasing risk of fracture by year
1–5 [1]. Fractures most often occur in the distal femur and proximal tibia. While the length of time
post injury can greatly influence BMD, it can also be impacted by other factors such as individuals’
bone health prior to injury, weight-bearing status after the onset of injury, and region of the body.
Dauty et al. found that individuals who had experienced an SCI at least one year ago experienced a
decrease in distal femur BMD of 52% and proximal tibia BMD of 70% [53]. While it is well known that
individuals with SCI experience significant loss of overall BMD [35,51,54,55], there is little research
looking more specifically at BMD amongst athletes with SCI (Table 5).

Table 5. Overview of studies examining BMD in para athletes.

Reference Subjects Methods Results

Miyahara et al. [54] 28 M WC athletes w/SCI
25 M AB athletes DXA

-No significant difference in BMD based on level of injury,
sport, age amongst SCI.
-BMD in trunk, legs, & whole body negatively associated
w/time since injury.
-Sooner SCI returned to sport post injury, greater the BMD in
trunk, legs, and whole body.
-Greater BMD in arms and lower BMD in legs and whole body
of SCI compared with AB.

Goktepe et al. [56] 17 M WC BB athletes w/SCI
17 sedentary WC w/SCI DXA

-Greater radial density in WC BB compared to sedentary WC.
-No diff in lumbar and hip BMD between WC BB and
sedentary WC.

M = male, WC = wheelchair, SCI = spinal cord injury, AB = able-bodied, DXA = dual-energy X-ray absorptiometry,
BMD = bone mineral density, BB = basketball.

While overall BMD is generally lower, some early research suggests that individuals with SCI
may have equal or greater lumbar BMD compared to the able-bodied population [51,56]. While the
exact mechanism for this is still debated, it is thought to be due to continued loading on this region and
effects of extended duration in a seated posture on the spine [56]. However, more recent research has
challenged this idea and actually suggests that the use of DXA in this population may overestimate
BMD in the spine due to the calcification associated with moderate to high degenerative joint disease
(DJD) [55,57]. Bauman et al. [55] measured BMD using two assessment tools: DXA and quantitative
computerized tomography (qCT). They found that subjects with moderate/high DJD had significantly
higher T-scores using DXA compared to qCT. There was no difference found in individuals with mild
DJD [55]. Therefore, individuals with SCI with moderate to high DJD may be at a greater risk for
fracture and have a lower lumbar BMD than initially assumed.

It is widely accepted that regular physical activity can help to maintain and potentially improve
bone density in able-bodied persons. However, this research has primarily been done in able-bodied
individuals versus para athletes. Miyahara et al. [54] observed 28 male wheelchair athletes with SCI
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and found that while BMD in the legs, trunk, and entire body was negatively associated with the time
period since injury, the sooner that the para athlete returned to a sport post injury, the higher the BMD
in those regions. Compared to able-bodied athletes, the para athletes with SCI were found to have
lower BMD in their legs and whole body, although they were found to have greater BMD in their
arms. The greater BMD in the arm region suggests that increased loading to the arms through physical
activity may help to preserve bone mass in the radial density in athletes with SCI [54,56], although
overall BMD continues to be lower in para athletes compared to able bodied athletes.

Another study examining male paraplegic wheelchair basketball players with SCI found a greater
distal radial density in the athletes compared with sedentary paraplegic individuals with SCI [56].
There was no difference found in lumbar and hip densities between groups, which suggests that while
the athletes experienced a change in BMD above the level of injury, there was no change experienced
below the site of injury amongst this population. While this research is limited, it suggests that athletes
with SCI may have improved BMD in the distal radius compared to sedentary individuals with SCI.
However, the BMD of athletes with SCI was not compared to that of able-bodied athletes, and thus it
is unknown how these results compare.

This preliminary research suggests that engaging in physical activity may be extremely beneficial
in helping to slow the acceleration of bone loss in people with SCI. Athletes with SCI have a lower total
body BMD compared to able-bodied athletes; however, they may have greater BMD above the level of
lesion compared with sedentary individuals with SCI [56]. To date, no research has been conducted
around BMD amongst female athletes, and thus more research is warranted in order to make this
conclusion, particularly amongst female athletes with a SCI.

Athletes with SCI may also be at increased risk of low BMD due to low micronutrient intake
and nutrient deficiencies [37,58]. Krempien and Barr [9] found that athletes with SCI tended to have
inadequate intake of certain micronutrients associated with bone health including calcium and vitamin
D. The inclusion of supplements increased the overall intake of these nutrients; however, athletes still
fell below the recommended dietary intake for both of these micronutrients [9]. Other studies have
found similar results in that athletes with SCI failed to meet the Estimated Average Requirement (EAR)
for calcium, magnesium, and vitamin D [8,11]. This is of particular concern given that athletes with
SCI have a greater risk of low BMD, and these specific nutrients play a key role in bone health [58].
Finally, given that low BMD is common in most individuals with SCI, regardless of energy intake,
diagnostic criteria may need to be altered for assessing risk of LEA in athletes with SCI.

4. Discussion

Much of the current research around EA, nutrient issues, and the prevalence of LEA has been
conducted in able-bodied athletes. However, athletes with SCI have unique physical challenges
and health issues, which may put them at increased risk for low nutrient intake and LEA. With the
exception of vitamin D, the risk of nutrient deficiencies is unknown in this population. In addition,
no research has been done around EA in athletes with SCI. Thus, recommendations around energy
needs and risk for LEA amongst athletes with disabilities is unknown. Furthermore, the criteria used
to assess LEA among athletes with SCI may need to be altered given that low BMD is common in
most individuals with SCI, regardless of energy intake. Despite these challenges, as the number of US
Paralympic athletes continues to grow, research is warranted for supporting this population of athletes
in providing assessment and treatment recommendations for the sports medicine team (physicians,
trainers, coaches, dietitians, and other personnel) and coaches.

5. Conclusions

In conclusion, athletes with SCI may be at increased risk around inadequate nutrient intake and
LEA. However, the findings of this review should be weighed with limitations as there are no current
studies which assess EA amongst this population. Due to this limitation, the authors used research
which assessed nutrient and energy intake amongst para athletes and sedentary individuals. As the
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number of para athletes continues to grow, research and understanding around the risk of low nutrient
intake and LEA in this population is necessary.
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Abstract: Binge eating is a core diagnostic feature of bulimia nervosa, binge eating disorder,
anorexia nervosa binge/purge type, and is a common feature of “other specified” and “unspecified”
feeding and eating disorders. It has been suggested that specific metacognitive beliefs about
food, eating, and binge eating may play a key role in the maintenance of binge eating behaviour.
The Eating Beliefs Questionnaire (EBQ-18) provides a brief self-report assessment tool measuring
three types of metacognitive beliefs: negative, positive, and permissive beliefs about food and eating.
This study aimed to build on past research by validating the factor structure and psychometric
properties of the EBQ-18 using both a clinical and non-clinical sample. A sample of 688 participants
(n = 498 non-clinical participants, n = 161 participants seeking treatment for an eating disorder, and
n = 29 participants seeking treatment for obesity) completed a battery of questionnaires, including
the EBQ-18 and other measures of eating disorder symptoms and relevant constructs. A subset of
100 non-clinical participants completed the test battery again after an interval of two-weeks, and
38 clinical participants completed the EBQ-18 before and after receiving psychological treatment
for their eating disorder. A confirmatory factor analysis (CFA) was conducted and psychometric
properties of this measure were assessed. The results of this study provide support for the three-factor
model of the EBQ-18. In addition, the EBQ-18 was found to be a valid and reliable measure,
with excellent internal consistency, good test-retest reliability in the non-clinical sample, and also
demonstrated evidence of sensitivity to treatment in clinical samples with binge eating pathology.
Receiver operating characteristic (ROC) curve analyses were used to identify optimal cut-off scores
for the EBQ-18. This study provides valuable information about the utility of the EBQ-18 as a measure
for use in both clinical and research settings.

Keywords: binge eating; questionnaire; psychometric; eating disorders; obesity
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1. Introduction

Recurrent binge eating is a core diagnostic feature of binge eating disorder (BED), bulimia nervosa
(BN), anorexia nervosa binge-purge type (AN-BP), and it is a common feature of “other specified” and
“unspecified” feeding and eating disorders (OSFED; UFED [1]). A binge eating episode is defined as
eating an objectively large amount of food in a discrete time period, accompanied by a sense of loss of
control [1]. In BED, and often in other eating disorders, binge eating episodes are paired with feelings
of guilt, disgust, marked distress, and/or low mood. To meet criteria for BED or BN, individuals need
to have been engaging in binge eating episodes one or more times per week for a period of at least three
months [1]. Population studies from the USA and Australia have found prevalence of approximately
1–1.5% for BN, 1.5–1.6% for BED, 0.4–0.5% for Anorexia Nervosa (AN), and 3.2% for OSFED [1,2].
The prevalence of recurrent binge eating in the general community has been found to range between
7.2% to 13%, with reports indicating that this prevalence is increasing over time [3,4]. This is a health
behaviour of significant public interest due to its association with obesity [5], eating disorders [2]
and other significant social, physical, and mental health concerns [6–8]. Known comorbidities of
binge eating include anxiety, depression, substance abuse, chronic pain, diabetes, and obesity [9,10].
Furthermore, the presence of binge eating has been found to complicate obesity management and
negatively impact the efficacy of obesity treatments [11–13].

In an attempt to understand the complex eating disorder symptom of binge eating better,
a number of psychological models for BN and binge eating have been proposed in the literature,
with many focusing on the role of restrained eating practices, poor self-esteem, poor distress tolerance,
an overvaluation of body weight and shape, and specific unhelpful beliefs about binge eating
(for a review of psychological models of binge eating see Burton & Abbott, 2017 [14]). In order
to develop and evaluate effective psychological treatments for binge eating, it is important to be
able to reliably measure the features underlying the development and maintenance of binge eating.
Validated measures exist for the measurement of poor self-esteem (e.g., Rosenberg’s Self-Esteem Scale),
poor distress tolerance (e.g., Difficulty with Emotional Regulation Scale and Distress Tolerance Scale),
as well as the frequency of binge eating itself, restrained eating, the overvaluation of body shape and
weight (e.g., Eating Disorders Examination), and others features that are relevant to binge eating [15].
However, to our knowledge there are only three measures available for the assessment of beliefs
about binge eating predicted to maintain binge eating in individuals with eating disorders: the Eating
Disorders Thought Questionnaire, Eating Disorders Core Belief Questionnaire, and the Eating Beliefs
Questionnaire (EBQ). Of these, only the EBQ has been validated with a clinical sample [15].

The eighteen-item self-report Eating Beliefs Questionnaire (EBQ-18) consists of three subscales
(negative, positive, and permissive beliefs about eating) with each subscale measuring a specific type of
belief about eating that is believed to maintain binge eating in individuals with eating disorders [16,17].
Based on metacognitive theory [18,19] and the cognitive model of BN [17], the EBQ-18 measures
negative beliefs about eating (beliefs that relate to a perception of having no control in relation to
food and eating, for example, difficulty with resisting urges to eat and/or stopping eating once an
episode of binge eating has started), positive beliefs about eating (beliefs that relate to the perceived
benefits of binge eating, such as reducing emotional distress), and permissive beliefs about binge
eating (beliefs that one should allow oneself to commence or continue to binge eat). Items for the
three EBQ-18 subscales were developed with input from a number of experts in the area of eating
disorders and cognitive therapy, for example, clinical psychologists and psychiatrists with training
and experience in the assessment and treatment of eating disorders and/or the delivery of cognitive
therapy [16,20]. Subscales were refined while using exploratory and confirmatory factor analysis
such that the current EBQ-18 contains the six best items from each of the three subscales [15,16,20].
The EBQ-18 can be used to assess for the presence and severity of binge eating related cognitions in both
clinical and community samples. The results of a recent study using a large non-clinical sample found
that the EBQ-18 demonstrates promising measurement properties, such as good internal consistency,
convergent validity, and interpretability with a large non-clinical sample [20]. The factor structure of
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the EBQ-18 has not yet been verified with a clinical or binge eating sample. An earlier two-subscale
version of the EBQ demonstrated evidence of clinical utility and responsiveness to treatment [15],
with EBQ scores successfully differentiating individuals with BN or BED from non-clinical control
participants, and optimal clinical cut-off scores were identified [21]. In its current three-factor form,
the clinical utility of EBQ-18 has yet to be assessed with an eating disorder sample.

According to specific criteria for the assessment of a measure’s methodological quality [22,23],
a measure should be able to demonstrate adequacy across a number of important measurement
properties, including content validity, internal consistency, criterion validity, construct validity,
structural validity, agreement, reliability, responsiveness, floor and ceiling effect, and interpretability.
In this paper, we seek to provide a thorough assessment of the EBQ-18’s methodological quality
according to the principles described in by Terwee et al. [22] and Mokkink et al. [23] to determine
whether the EBQ-18 provides a valid, reliable, and clinically useful measure of eating beliefs within
the clinical target population.

Using both a clinical and non-clinical sample, this study aimed to provide a comprehensive
assessment of psychometric properties and clinical utility of the EBQ-18 and to identify optimal clinical
cut-off scores while using receiver operating characteristics (ROC) curve analysis. We predicted that
the confirmatory factor analysis would provide support for the three-factor solution that was identified
in the initial exploratory factor analysis [20]: negative beliefs, positive beliefs, and permissive beliefs
about eating. In line with previous findings, we hypothesised that the EBQ-18 scores would positively
correlate with binge eating frequency, measures of eating disorder symptoms and psychopathology,
and other measures of eating-related beliefs, thereby demonstrating convergent validity. We further
hypothesised that the EBQ-18 would demonstrate evidence of adequate internal consistency, test-retest
reliability over a two-week interval, and sensitivity to treatment following a psychological intervention.
It was predicted that the EBQ-18 scores would differ significantly depending on binge eating status,
such that those individuals engaging in regular binge eating would score significantly higher on the
EBQ-18 and its subscales than those not engaging in binge eating, and those individuals that were
diagnosed with a binge-related eating disorder (e.g., BN or BED) would score significantly higher on
the EBQ-18 than those individuals with a restrictive eating disorder (e.g., AN).

2. Materials and Methods

2.1. Participants

In total, data from 688 participants were included in this study (63.1% female, mean age = 25.38,
standard deviation (SD) = 11.82 years, mean body mass index (BMI) = 24.30, SD = 8.40). This sample
consisted of both non-clinical participants (n = 498) and treatment-seeking participants (n = 190).

Non-clinical samples: First year psychology students from The University of Sydney (n = 308)
completed the research test battery in exchange for course credit. In addition, participants from the
general community (n = 190) responded to an advert that was placed on internet-based community
classifieds asking for interested volunteers for research.

Treatment-seeking samples: Participants were recruited from a number of different metropolitan
treatment sites, including hospital-based eating disorder treatment services, private eating disorder
treatment services, and hospital-based obesity services. These numbers reflect the total number of
consenting participants that were recruited from these sites who provided complete EBQ-18 data and
were therefore eligible to be included in the study. Refer to Table 1 for demographic information for
these samples.

Clinical subgroups: Two subgroups of participants were created based on self-reported binge
eating status. Items of the Eating Disorder Examination Questionnaire (EDE-Q) were used to assess
self-reported binge eating status of participants (refer to Measures section for more information on
this questionnaire). From the total sample of 688,343 participants (52.9%) reported that they had not
engaged in any episodes of overeating over the previous 28 days, these 343 participants were grouped
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for the purposes of providing a non-binge eating comparison sample (referred to as the Non-BE
subgroup) for subsequent analyses. Of the total sample of 688,190 participants, (27.9%) self-reported
that they engaged in at least four episodes of objective binge eating (objective overeating with a
sense of loss of control; OBE) over the previous 28 days and were grouped together for the purpose
of providing a binge eating sample (referred to as the BE subgroup). In addition, seven diagnostic
subgroups from the treatment-seeking sample were also identified; AN restrictive type (AN-R), AN
binge eating/purging type (AN-BP), BN, BED and OSFED atypical AN (OSFED AN), BN of low
frequency or limited duration (OSFED BN), and BED of low frequency or limited duration (OSFED
BED). Clinical diagnoses were provided by a clinical psychologist or psychiatrist with expertise and
training in eating disorder assessment and treatment. Demographics for these subgroups are also
reported in Table 1.

Table 1. Demographic Information for participant samples.

Sample n Mean Age
(SD)

Mean BMI
(SD)

% Female
Mean OBEs in

Past 28 Days (SD)

Non-clinical samples:

First Year University Students 308 19.66 (4.54) 22.08 (3.81) 80.8 2.18 (4.32)
General Community 190 31.22 (12.83) 25.10 (6.08) 62.6 3.19 (6.21)

Treatment-seeking samples:

Hospital-based Obesity Treatment Service 29 50.97 (14.23) 46.53 (12.56) 55.2 2.32 (3.29)
Hospital-based Outpatient Eating Disorder
Treatment Service 19 30.29 (8.86) 26.59 (13.24) 100 7.06 (9.90)

Hospital-based Outpatient Binge Eating
Group Treatment Program 31 28.00 (11.72) 25.85 (5.68) 100 20.43 (18.65)

Private Eating Disorder Treatment Services 111 23.57 (9.92) 23.20 (11.20) 91.9 7.15 (10.20)

Subgroup based on self-reported binge eating status:

Non-BE 343 25.30 (12.62) 23.53 (7.40) 73.2 0
BE 190 25.39 (10.38) 24.98 (7.97) 87.3 13.14 (11.00)

Eating Disorder Subgroups:

AN-R 24 22.00 (9.27) 18.82 (3.67) 91.7 1.70 (4.97)
AN-BP 10 21.20 (4.94) 17.39 (3.07) 100 12.00 (14.52)
BN 35 25.81 (6.96) 25.06 (7.94) 97.1 18.03 (14.28)
BED 19 31.85 (13.69) 34.57 (13.41) 89.5 19.24 (19.10)
OSFED AN 12 24.25 (10.82) 21.76 (4.38) 100 5.00 (6.15)
OSFED BN 4 23.00 (5.77) 25.42 (3.87) 100 6.50 (5.97)
OSFED BED 4 34.67 (4.16) 25.56 (5.03) 75.0 19.75 (21.48)

SD = standard deviation, BMI = body mass index, OBE = objective binge eating episodes, Non-BE = participants who
self-reported 0 incidents of objective binge episodes in 28 days prior to completing the test battery; BE = participants
who self-reported engaging in 4 or more incidents of objective binge eating episodes in the 28 days prior to
completing the test battery, AN-R = anorexia nervosa restrictive type, AN-BP = anorexia nervosa binge/purge type,
BN = bulimia nervosa, BED = binge eating disorder, OSFED = other specified feeding or eating disorder.

2.2. Measures

The Eating Beliefs Questionnaire (EBQ-18; included in supplementary materials as S1) [20].
The EBQ-18 is an 18-item self-report questionnaire that measures negative, positive, and permissive
beliefs about eating and urges to eat in the absence of hunger. Respondents rate how much they agree
with 18 statements from 1 (strongly disagree) to 5 (strongly agree). It has demonstrated psychometric
properties, as reported in the Introduction.

The Eating Disorder Examination Questionnaire (EDE-Q) [24]. Based on the Eating Disorder
Examination interview (EDE; Fairburn, Wilson [25]), the EDE-Q is a self-report questionnaire
that assesses of the severity and frequency of eating disorder symptoms (including binge eating)
experienced over the 28 days prior. Respondents provide a rating between 0 and 6 for 28 items, where
higher scores are indicative of an increased frequency or severity of symptoms. Respondents also
provided frequencies for eating disorder behaviours (e.g., overeating, binge eating, purging, driven
exercise). The EDE-Q global score provides an indication of the severity of eating disorder symptoms,
and four subscales assess severity of dietary restraint, eating concern, weight concern, and shape
concern. The EDE-Q has demonstrated evidence of its reliability and validity [26]. Cronbach’s alpha of
0.94 for the EDE-Q global score for the sample in this study.
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Depression Anxiety Stress Scale (DASS-21) [27]. The DASS-21 is a self-administered screening tool
and it was used here to measure symptoms of depression, anxiety, and stress that were experienced
over the previous week. The DASS-21 has demonstrated evidence of its reliability and validity [28].
Cronbach’s alpha of 0.95 for the total score in the current study.

Dutch Eating Behaviour Questionnaire (DEBQ) [29]. The DEBQ is a self-report scale that measures
the presence of particular eating behaviours and attitudes. The current study used the DEBQ emotional
eating scale and the DEBQ external eating scale. The third scale of the DEBQ measures restrained
eating, as the EDE-Q provides a measure of dietary restraint we did not include the restrained eating
scale in our test battery in the interest of reducing repetition and participant burden as much as
possible. The emotional eating scale provides a 13-item measure of the influence of emotional or
internal cues on eating behaviour, and the external eating scale is a 10-item measure of the influence of
environmental or external cues on eating behaviour. Both DEBQ scales have demonstrated adequate
internal consistency [29]. Cronbach’s alpha of 0.94 for the emotional eating subscale and Cronbach’s
alpha of 0.81 for the external eating subscale were obtained in the current study.

Eating Disorder Thoughts Questionnaire (EDTQ) [30]. The EDTQ is a 26-item self-report
questionnaire measuring the presence of beliefs about the positive and negative consequences of
eating, permissive thoughts and thoughts of no control over eating. The EDTQ has demonstrated
evidence of good internal consistency and validity [30]. Cronbach’s alpha of 0.95 was obtained for the
whole measure in the current study.

2.3. Procedure

Non-clinical: Participants completed a battery of questionnaires online using Qualtrics Survey
Software. First year university participants (n = 308) completed a larger test battery that consisted of
all measures that were described in the Materials section. At recruitment, participants could choose
to sign up for the standard or two-part version of the study. A sample of 100 participants from the
university sample completed the two-part version of the study, which involved completing the EBQ-18
a second time following an interval of two weeks (84% female, mean age = 20.69 years, SD = 7.06 years,
mean BMI = 21.63, SD = 2.96). Community participants (n = 190) completed a briefer test battery that
consisted of demographics items, the EBQ-18, the DASS-21, and the EDE-Q.

Treatment-seeking: Participants recruited from clinical settings were offered the opportunity to take
part in a questionnaire-based research study by a member of administrative staff. Those who consented
to participate then completed a test battery including demographic items, EBQ-18, DASS-21, and
the EDE-Q. Diagnoses were recorded by the treating clinician; a clinical psychologist or psychiatrist
with expertise and training in the assessment and treatment of eating disorders. The EBQ-18 was
administered to clinical participants before and after receiving psychological treatment; in total,
thirty-eight participants who received psychological treatment for an eating disorder provided both
pre- and post-treatment EBQ-18 scores.

All the procedures performed in studies involving human participants were in accordance with
the ethical standards of the University of Sydney Human Research Ethics Committee (Project Code:
2014_082) and with the 1964 Helsinki Declaration and its later amendments.

2.4. Missing Data

For the purposes of the analyses that were reported in this paper, complete EBQ-18 data was
required. Where participants were missing one item per EBQ-18 subscale (i.e., 83.3% of items were
completed), the missing item was replaced with the mean of the remaining items in that subscale.
If more than one item per subscale was missing, then that participant’s data was considered incomplete
and excluded from analysis. For other measures, the same approach was taken whereby if one item
was missing on a scale or subscale, the missing item was replaced with the mean score, and if more
than one item was missing, the data for that measure was considered to be incomplete and excluded
from the analysis.
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2.5. Analyses

Descriptive statistics and analyses of the validity and reliability of the EBQ-18 were conducted
using the SPSS v22 program (IBM, New York, NY, USA). Internal consistency was examined with
Cronbach’s alpha. Test-retest reliability and construct validity were assessed with Pearson correlations
and intraclass correlations (ICC). Between group differences were tested with one-way ANOVAs.
Treatment sensitivity was assessed using repeated measures ANOVAs, Cohen’s d was used to calculate
effect size and cut-off points for clinically significant change were calculated while using ROC Curve
analyses. Using a Maximum Likelihood method, the AMOS v12 program [31] was used to conduct the
CFA on the EBQ-18 items to evaluate the fit of the data to the three-factor model reflective of the three
subscales of negative, positive, and permissive beliefs. The MedCalc program (MedCalc Software,
Mariakerke, Belgium) was used to conduct ROC curve analyses to determine optimal clinical cut-off
scores and the associated indicators of test performance: area under the curve (AUC), sensitivity,
specificity, and positive and negative predictive values.

3. Results

3.1. Confirmatory Factor Analysis (CFA)

A CFA was conducted in AMOS (IBM, New York, NY, USA) while using a Maximum Likelihood
method. The three-factor solution (negative beliefs, positive beliefs and permissive beliefs) was fitted
to the data (non–clinical sample, n = 498, providing a sample of adequate size with 27.6 participants per
item on the scale) and demonstrated good fit [32,33]: χ2/df = 2.16, Goodness of Fit Index (GFI) = 0.94,
Incremental Fit Index (IFI) = 0.96, Tucker Lewis Index (TLo) = 0.96, Comparative Fit Index (CFI) = 0.96,
and the Root Mean Square Error of Approximation (RMSEA) = 0.048 with its 90% confidence intervals
(CI) 0.041 to 0.056. This supports the findings of previous research [20]. The three-factor model was
also fitted to the binge eating subgroup data (BE, n = 190, providing a sample with 10.5 participants
per item on the scale) and demonstrated adequate fit [32,33]: χ2/df = 2.37, GFI = 0.85, IFI = 0.89,
TLo = 0.87, CFI = 0.89, and the RMSEA = 0.085 with its 90% CI 0.073 to 0.097. Refer to Table 2 for
standardised regression weights and communalities of the three-factor solution for the EBQ-18 with a
binge eating sample.

Table 2. Results of a Confirmatory Factor Analysis of the Eating Beliefs Questionnaire (EBQ-18) with
the binge eating sample (n = 190) Standardised Regression Weights & Communalities.

EBQ-18 Items
F1: Negative

Beliefs
F2: Positive

Beliefs
F3: Permissive

Beliefs
Communality

(h2)

I’m not able to control my urges to eat 0.71 0.51

Once I start eating I can’t stop 0.78 0.61

I have no willpower in relation to food 0.79 0.63

I can’t control my eating because I am weak 0.82 0.67

If I don’t control myself I would never stop eating 0.62 0.38

There is nothing I can do to stop eating 0.66 0.44

Eating means I don’t have to think about negative things 0.70 0.49

Eating helps to control my emotions 0.77 0.59

Eating keeps my feelings at a tolerable level 0.76 0.57

Eating helps me to cope with negative thoughts 0.83 0.69

Eating helps me cope with negative feelings 0.85 0.73

Eating is my best way of coping with unwanted feelings 0.73 0.54

Bingeing is something that I can have for myself 0.48 0.24

I deserve to have a pleasure like binge eating 0.61 0.37

It’s okay to have the nice experience of binge eating 0.62 0.38

Bingeing allows me to have something nice for myself 0.82 0.68

It won’t make a difference if I eat more 0.26 0.07

I like to binge 0.57 0.33

F1 = Factor 1, F2 = Factor 2, F3 = Factor 3.
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3.2. Psychometric Properties

The EBQ-18 subscales were found to correlate significantly (n = 688): positive and negative,
r = 0.64, p < 0.01; negative and permissive, r = 0.52, p < 0.01; and, positive and permissive, r = 0.46,
p < 0.01. Across all 688 participants, scores on the EBQ-18 total ranged from the minimum score of 18
and highest score of 85. With regard to the floor and ceiling effects, only 2.6% of participants achieved
the lowest possible score, and 0% of participants achieved the highest possible score of 90. Scores on
the EBQ-18 subscales ranged from the lowest possible score of 6 (negative scale, 9.2%; positive scale
9.2%; permissive scale 10.2%) to the highest score of 30 (negative scale, 1.2%; positive scale 0.6%) or 29
(permissive scale 0.1%).

3.3. Internal Consistency

Cronbach’s alphas were calculated with the full sample (n = 688), and for the different sample
groups, see Table 3. EBQ-18 subscales were found to have good internal consistency with Cronbach’s
alphas ranging between 0.88 and 0.96 for the EBQ-18 total score, Cronbach’s alphas (α) between 0.84
and 0.94 for the negative beliefs scale, Cronbach’s alphas between 0.84 and 0.95 for the Positive Beliefs
scale, and Cronbach’s alphas between 0.72 and 0.84 for the Permissive Beliefs scale.

Table 3. Internal Consistency of EBQ Scales across Different Sample Groups.

Sample
EBQ-18
Total (α)

Negative Beliefs
Scale (α)

Positive Beliefs
Scale (α)

Permissive
Beliefs Scale (α)

Full Sample (n = 688) 0.92 0.90 0.91 0.83

Sample Groups:

Community Sample (n = 190) 0.90 0.88 0.90 0.83

University Sample (n = 308) 0.90 0.84 0.88 0.84

Binge Eating Group Sample (n = 31) 0.88 0.88 0.92 0.74

Obesity Sample (n = 29) 0.94 0.87 0.85 0.82

Hospital Eating Disorder Treatment Sample (n = 19) 0.92 0.84 0.84 0.72

Private Eating Disorder Treatment Sample (n = 111) 0.96 0.94 0.95 0.81

3.4. Test-Retest Reliability

Test–retest reliability was calculated for the EBQ-18 total and the three subscales while using a
sample of 100 university participants who completed the EBQ-18 a second time after an interval of two
weeks. An intraclass correlations (ICC) ≥ 0.70 indicates acceptable reproducibility of a measure [22].
Results showed good test-retest reliability across the EBQ-18 and all three subscales with significant
Pearson’s r and ICC between Time 1 and Time 2 scores (EBQ-18 Total, r = 0.83, ICC = 0.91, p’s < 0.001;
negative beliefs scale, r = 0.74, ICC = 0.85, p’s < 0.001; EBQ-18 Positive Beliefs scale, r = 0.82, ICC = 0.90,
p’s < 0.001; Permissive Beliefs scale, r = 0.77, ICC = 0.87, p’s < 0.001).

3.5. Construct Validity

Convergent validity between EBQ-18 scores and the included measures of specific eating disorder
symptoms and related psychopathology was assessed by examining the correlations between the
included measures. Correlations between the included measures with the full scale (EBQ Total),
Negative Beliefs, and Positive Beliefs scales were all significantly and positively correlated. A number
of correlations between the EBQ-18 Permissive Beliefs scale and other measures were not significant,
see Table 4. The number of participants included in these correlations differs depending on the total
number of the participants that had completed the relevant comparison measures.
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Table 4. Correlations between EBQ-18 Scores and other symptom and cognitive measures.

Scale
EBQ-18 Total

Score
Negative

Beliefs Scale
Positive

Beliefs Scale
Permissive

Beliefs Scale

DASS-21 Depression (n = 645) 0.24 ** 0.22 ** 0.24 ** 0.14 **

DASS-21 Anxiety (n = 645) 0.16 ** 0.15 ** 0.12 ** 0.15 **

DASS-21 Stress (n = 645) 0.27 ** 0.26 ** 0.25 ** 0.14 **

EDE-Q-Objective Binge Episodes (OBE) (n = 650) 0.48 ** 0.45 ** 0.50 ** 0.25 **

EDE-Q Global Score (n = 650) 0.30 ** 0.33 ** 0.42 ** −0.03

EDE-Q Restraint (n = 650) 0.12 ** 0.17 ** 0.23 ** −0.14 **

EDE-Q Eating Concern (n = 650) 0.36 ** 0.36 ** 0.47 ** 0.05

EDE-Q Shape Concern (n = 650) 0.33 ** 0.35 ** 0.41 ** 0.02

EDE-Q Weight Concern (n = 650) 0.29 ** 0.32 ** 0.41 ** −0.05

DEBQ Emotional Eating (n = 201) 0.62 ** 0.62 ** 0.52 ** 0.34 **

DEBQ External Eating (n = 201) 0.39 ** 0.31 ** 0.43 ** 0.21 **

EDTQ–Negative Thoughts (n = 201) 0.42 ** 0.34 ** 0.55 ** 0.14 *

EDTQ–Positive Thoughts (n = 201) 0.64 ** 0.62 ** 0.52 ** 0.36 **

EDTQ–Permissive Thoughts (n = 201) 0.60 ** 0.53 ** 0.43 ** 0.51 **

** = p < 0.01 (two-tailed), * = p < 0.05 (two-tailed), EBQ-18 = Eating Beliefs Questionnaire 18-item version,
DASS-21 = Depression Anxiety Stress Scales 21-item version, EDE-Q = Eating Disorders Examination Questionnaire,
DEBQ = Dutch Eating Behaviours Questionnaire, EDTQ = Eating Disorders Thoughts Questionnaire.

3.6. Group Differences

Table 5 summarises the mean total scores and subscale scores for the different samples and for
subgroups of the participants that are based on self-reported binge eating status, as well as based on
formal eating disorder diagnosis as recorded by the participants’ treating clinician.

Table 5. EBQ-18 Subscale means and SDs for different sample groups.

Sample
Total EBQ-18

Score Mean (SD)
Negative Beliefs

Mean (SD)
Positive Beliefs

Mean (SD)
Permissive Beliefs

Mean (SD)

University Sample (n = 308) 41.50 (11.80) 14.57 (5.27) 12.73 (4.42) 14.20 (4.92)

Community Sample (n = 190) 42.21 (13.14) 14.71 (6.07) 13.20 (5.42) 14.29 (5.38)

Hospital-based Obesity Treatment-seeking Sample (n = 29) 42.76 (17.15) 14.76 (6.13) 14.83 (6.31) 13.17 (5.29)

Hospital-based Outpatient Eating Disorder
Treatment-seeking Sample (n = 19) 42.05 (15.97) 14.79 (6.33) 16.05 (6.93) 11.21 (4.45)

Hospital-based Outpatient Binge Eating Group
Treatment-seeking Sample (n = 31) 63.06 (12.15) 22.65 (4.88) 20.74 (5.33) 19.67 (4.64)

Private Eating Disorder Treatment-seeking Sample (n = 111) 42.52 (18.59) 16.26 (7.65) 14.90 (7.68) 11.36 (5.17)

Binge Eating Subgroups:

Non-BE (n = 343) 35.90 (11.29) 12.57 (4.86) 10.85 (3.89) 12.48 (5.21)

BE (n = 190) 53.89 (12.89) 19.32 (6.04) 18.62 (5.74) 15.96 (4.93)

Eating Disorder Subgroups:

AN-R (n = 24) 26.86 (9.57) 9.17 (3.85) 9.42 (4.18) 8.29 (3.26)

AN-BP (n = 10) 44.20 (18.70) 17.30 (7.21) 15.60 (8.59) 11.30 (5.54)

BN (n = 35) 62.29 (11.43) 23.43 (5.00) 21.17 (5.33) 17.69 (5.17)

BED (n = 19) 64.42 (10.39) 22.47 (4.60) 23.37 (4.54) 18.58 (4.49)

OSFED AN (n = 12) 35.25 (11.04) 13.50 (4.62) 11.50 (4.83) 10.25 (3.67)

OSFED BN (n = 4) 54.50 (9.18) 18.75 (3.77) 21.00 (3.56) 14.75 (4.19)

OSFED BED (n = 4) 50.25 (15.06) 21.25 (7.41) 15.50 (4.36) 13.50 (4.65)

EBQ-18 = Eating Beliefs Questionnaire 18-item version, SD = standard deviation, Non-BE = participants who
self-reported 0 incidents of objective binge episodes in 28 days prior to completing the test battery; BE = participants
who self-reported engaging in 4 or more incidents of objective binge eating episodes in the 28 days prior to
completing the test battery, AN-R = anorexia nervosa restrictive type, AN-BP = anorexia nervosa binge/purge type,
BN = bulimia nervosa, BED = binge eating disorder, OSFED = other specified feeding or eating disorder.
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Results from one-way ANOVAs identified that participants in the BE subgroup scored significantly
higher on the EBQ-18 and its subscales than those in the Non-BE subgroup, with moderate-to-large
effect sizes (ηp

2); EBQ-18 total score: F(1,532) = 280.08, p < 0.01, ηp
2 = 0.35; Negative Beliefs score:

F(1,532) = 197.18, p < 0.01, ηp
2 = 0.27; Positive Beliefs score: F(1,532) = 343.51, p < 0.01, ηp

2 = 0.39;
Permissive Beliefs score: F(1,532) = 56.51, p < 0.01, ηp

2 = 0.10.
In addition, participants with a diagnosis of BN scored significantly higher on the EBQ-18

subscales than participants with a diagnosis of AN-R with large effect sizes (EBQ-18 total score:
F(1,58) = 155.46, p < 0.01, ηp

2 = 0.73; Negative Beliefs score: F(1,58) = 138.71, p < 0.01, ηp
2 = 0.71; Positive

Beliefs score: F(1,58) = 81.92, p < 0.01, ηp
2 = 0.59; Permissive Beliefs score: F(1,58) = 62.14, p < 0.01,

ηp
2 = 0.52) and significantly higher than those with a diagnosis of AN-BP with moderate-to-large effect

sizes (EBQ-18 total score: F(1,44) = 14.42, p < 0.01, ηp
2 = 0.25; Negative Beliefs score: F(1,44) = 9.54,

p < 0.01, ηp
2 = 0.18; Positive Beliefs score: F(1,44) = 6.36 p < 0.05, ηp

2 = 0.13; Permissive Beliefs score:
F(1,44) = 11.52, p < 0.01, ηp

2 = 0.21).
Participants with a diagnosis of BED also scored significantly higher on the EBQ-18 subscales than

the participants with a diagnosis of AN-R, with large effect sizes (EBQ-18 total score: F(1,42) = 151.29,
p < 0.01, ηp

2 = 0.79; Negative Beliefs score: F(1,42) = 106.63, p < 0.01, ηp
2 = 0.72; Positive Beliefs score:

F(1,42) = 109.60, p < 0.01, ηp
2 = 0.73; Permissive Beliefs score: F(1,42) = 75.73, p < 0.01, ηp

2 = 0.65), and
significantly higher than those with a diagnosis of AN-BP, with moderate-to-large effect sizes (EBQ-18
total score: F(1,28) = 14.21, p < 0.01, ηp

2 = 0.35; Negative Beliefs score: F(1,28) = 5.58, p < 0.05, ηp
2 = 0.17;

Positive Beliefs score: F(1,28) = 10.32, p < 0.01, ηp
2 = 0.28; Permissive Beliefs score: F(1,28) = 14.67,

p < 0.01, ηp
2 = 0.35).

Participants with AN-BP were found to score significantly higher than those with AN-R for the
EBQ total score, F(1,33) = 12.91, p < 0.01, ηp

2 = 0.29, the Negative Beliefs scale, F(1,33) = 18.46, p < 0.01,
ηp

2 = 0.37, and the Positive Beliefs scale, F(1,33) = 8.10, p < 0.01, ηp
2 = 0.20, but no significant difference

was identified between AN-BP and AN-R on the Permissive Belief scale scores, p > 0.05. No significant
differences found between BN and BED sample on EBQ-18 total or subscale scores, all p’s > 0.05.

3.7. Treatment Sensitivity

A total of thirty-eight participants that were seeking treatment for an eating disorder completed
the measures both before and after psychological treatment. Ten of these participants had completed
an 8 to 10-week hospital-based outpatient binge eating group therapy treatment program (n = 5 with a
diagnosis of BN and n = 5 with a diagnosis of BED). A further twenty-eight of these participants had
completed individual psychological treatment at private specialist eating disorder treatment centres
(n = 5 with a diagnosis of AN-R, n = 5 with a diagnosis of AN-BP, n = 3 with a diagnosis of BN, n = 4
with a diagnosis of BED, n = 6 with a diagnosis of OSFED AN, n = 1 with a diagnosis of OSFED BN,
n = 3 with a diagnosis of OSFED BED, and n = 1 with a diagnosis of UFED). Treatments, both group
and individual, were based on a cognitive-behavioural approach and they were delivered by trained
and experienced clinicians. Table 6 summarises the group means, SD, and Cohen’s d effect sizes at pre-
and post-treatment for the EBQ-18 total score and subscales across the whole treatment sample and
the subgroup that includes only those participants with diagnosed eating disorders with binge eating
as a core feature (BE).

Results from repeated measures ANOVAs identified that the pre-treatment EBQ-18 scores were
significantly higher than post-treatment scores across the total sample of treatment completers (n = 38):
EBQ-18 total score: F(1,37) = 17.48, p < 0.01, ηp

2 = 0.32; Negative Beliefs score: F(1,37) = 15.67,
p < 0.01, ηp

2 = 0.30, Positive Beliefs score: F(1,37) = 6.86, p < 0.05, ηp
2 = 0.16,Permissive Beliefs score:

F(1,37) = 10.42, p < 0.01, ηp
2 = 0.22.

We also examined the difference in pre and post-treatment EBQ-18 scores for just those participants
who were diagnosed with BED (n = 9) or BN (n = 8). Results from repeated measures ANOVAs
identified that, for the BN/BED subgroup (n = 17), pre-treatment EBQ-18 scores were significantly
higher than post-treatment scores, with large effect sizes: EBQ-18 total score: F(1,16) = 19.60, p < 0.01,
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ηp
2 = 0.55; Negative Beliefs score: F(1,16) = 18.82, p < 0.01, ηp

2 = 0.54, Positive Beliefs score:
F(1,16) = 5.44, p < 0.05, ηp

2 = 0.25, Permissive Beliefs score: F(1,16) = 10.86, p < 0.01, ηp
2 = 0.40.

Table 6. Means, SDs and Cohen’s d effect sizes for EBQ-18 scores at pre and post treatment.

Sample
EBQ-18 Total Score

Mean (SD)
Negative Beliefs

Mean (SD)
Positive Beliefs Mean

(SD)
Permissive Beliefs

Mean (SD)

Pre Post d Pre Post d Pre Post d Pre Post d

All Treatment
(n = 38)

49.24
(18.73)

40.11
(14.76) 0.54 18.21

(7.57)
14.18
(6.27) 0.58 17.50

(7.59)
14.82
(6.46) 0.38 13.53

(5.89)
11.16
(4.43) 0.45

BN/BED
(n = 17)

63.47
(10.14)

51.30
(9.48) 1.24 22.88

(5.11)
17.94
(5.30) 0.95 22.41

(5.29)
19.53
(4.17) 0.60 18.17

(4.73)
13.94
(3.47) 1.02

EBQ-18 = Eating Beliefs Questionnaire 18-item version, SD = standard deviation, BN/BED = Combined bulimia
nervosa and binge eating disorder subgroup sample, d = Cohen’s d effect size.

In order to assess whether the differences between the pre-treatment scores and post-treatment
scores were of clinical significance, we applied the formula from Jacobson and Truax [34] to determine
the EBQ-18 score for clinically significant change for each group. We used mean normative data for
the EBQ-18 from a non-clinical sample of 883 participants that found a mean of 38.25 and standard
deviation of 12.87 for the EBQ-18 total score [20]. Therefore, the score of clinically significant change for
both the whole treatment sample, c(Trmt), and the BN/BED subgroup, c(BN/BED), were as follows:

c(Trmt) =
S0M1 + S1M0

S0 + S1
=

12.87(49.24) + 18.73(38.25)
12.87 + 18.73

=
633.72 + 716.42

31.6
= 42.73 (1)

c(BN/BED) =
S0M1 + S1M0

S0 + S1
=

12.87(63.47) + 10.14(38.25)
12.87 + 10.14

=
816.86 + 387.86

23.01
= 52.36 (2)

Applying the Jacobson and Truax’s (1991) [34] formula, participants who scored less than 42.73 at
post-treatment (and less than 52.36 at post-treatment for those in the BN/BED subgroup) would likely
have experienced a clinically significant effect of treatment. Post-treatment means are lower than the
identified scores of clinically significant change for the EBQ-18 total score, indicating that meaningful
change has occurred as a result of treatment. Of the whole treatment sample, 55.26% scored less than
42.73 at post-treatment, and of the BN/BED subgroup, 64.7% scored less than 52.36 on the EBQ-18
at post-treatment.

3.8. Receiver Operating Characteristic (ROC) Curve Analyses

ROC curve analyses were used to identify the optimal clinical cut-off scores for the EBQ-18 and
to assess the associated test performance indicators (sensitivity, specificity, and positive and negative
predictive values). Here, we report the associated criterion for the Youden-Index, which provides
a cut-off score for which both sensitivity and specificity is maximal [35]. For the purposes of these
analyses, a non-binge eating control sample of 61 participants from the community sample who
self-reported to engage in 0 episodes of objective binge eating in the past 28 days, and a clinical
BN/BED sample of 54 participants, including 35 participants with a clinician confirmed diagnosis of
BN and 19 participants with a clinician confirmed diagnosis of BED, were utilised.

Table 7 summarises the cut-off criteria and associated test performance indicators for the EBQ-18
and its subscales for the comparison sample of the combined BN and BED sample versus controls.
The cut-off scores that were identified for all of the subscales have significant area under the curve
(AUC) values, indicating that the identified cut-off scores perform better than chance in discriminating
between clinical cases (those with BN or BED) and non-clinical cases.
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Table 7. Results from ROC Curve Analyses for EBQ Total and subscale scores.

Sample EBQ-18 Scale
Cut-Off

Score
Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

AUC
(95% CI)

BN/BED (n = 54) vs.
Control (n = 61)

EBQ-18 Total
Score >45 92.59

(82.1–97.9)
93.44

(84.1–98.2)
92.6

(82.9–97.0)
93.4

(84.7–97.3)
0.98 **

(0.93–0.99)

Negative Beliefs
Scale >16 88.89

(77.4–95.8)
88.52

(77.8–95.3)
87.3

(77.2–93.3)
90.0

(80.8–95.1)
0.95 **

(0.89–0.98)

Positive Beliefs
Scale >14 90.74

(79.7–96.9)
93.44

(84.1–98.2)
92.5

(82.6–96.9)
91.9

(83.1–96.3)
0.97 **

(0.92–0.99)

Permissive
Beliefs Scale >13 81.48

(68.6–90.7)
70.49

(57.4–81.5)
71.0

(61.9–78.6)
81.1

(70.6–88.5)
0.83 **

(0.75–0.89)

EBQ-18 = Eating Beliefs Questionnaire 18-item version, CI = Confidence Intervals, PPV = Positive predictive value,
NPV = Negative predictive value, AUC = Area under the curve, BN/BED = Combined bulimia nervosa and binge
eating disorder subgroup sample, ** = p < 0.001.

Table 8 summarises the cut-off criteria and associated test performance indicators for the EBQ-18
total score across four different comparison samples (1) BN subgroup versus controls; (2) BED subgroup
versus controls; (3) AN-BP versus controls; (4) AN-R versus controls. The cut-off scores identified for
BN, BED and AN-R have significant AUC values, indicating that the identified cut-off scores perform
better than chance in discriminating between clinical cases and non-clinical cases. The AUC value
associated with the identified cut-off score for discriminating those with AN-BP from non-clinical
cases was not significant, and therefore this cut-off score may not be a reliable indicator for this group.

Table 8. Results from receiver operating characteristics (ROC) Curve Analyses for EBQ-18 total score
across different diagnostic groups.

Sample
Cut-off
Score

Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

AUC
(95% CI)

BN (n =35) vs.
Control (n = 61) >50 85.71

(69.4–95.2)
96.72

(88.7–99.6)
93.7

(79.2–98.2)
92.2

(84.0–96.4)
0.97 **

(0.92–0.99)
BED (n =19) vs.
Control (n = 61) >46 100.00

(82.4–100.0)
95.08

(86.3–99.0)
86.4

(67.8–95.0) 100.00 0.99 **
(0.93–1.00)

AN-BP (n = 10) vs.
Control (n = 61) >46 40.00

(12.2–73.8)
95.08

(86.3–99.0)
57.1

(25.9–83.6)
90.6

(85.3–94.1)
0.69

(0.57–0.79)
AN-R (n = 24) vs.
Control (n = 61) ≤23 58.33

(36.6–77.9)
78.69

(66.3–88.1)
51.9

(37.4–66.0)
82.8

(74.6–88.7)
0.68 **

(0.57–0.78)

EBQ-18 = Eating Beliefs Questionnaire 18-item version, CI = Confidence Intervals, PPV = Positive predictive value,
NPV = Negative predictive value, AUC = Area under the curve, BN = bulimia nervosa, BED = binge eating disorder,
AN-BP = anorexia nervosa binge/purge type, AN-R = anorexia nervosa restrictive type, ** = p < 0.001.

4. Discussion

This study sought to provide a thorough examination of the validity, reliability, and clinical utility
of the EBQ-18 while using both a clinical eating disorder treatment-seeking sample and a non-clinical
sample. Overall, the results of this study indicate that the EBQ-18 is a valid, reliable, and clinically
useful measure for use in the general population as well as with individuals seeking treatment for
binge eating. These findings build upon the previous research that found an earlier, two subscale
version of the EBQ to be valid and reliable with clinical and non-clinical samples [15,16,21]. These
findings are also consistent with the initial examination of the factor structure, internal consistency,
and content validity of the current EBQ-18 with a non-clinical sample [20]. The findings of the present
study extend existing research by further assessing the test-retest reliability, comparisons of diagnostic
groups, responsiveness to treatment, clinical significance, and identifying clinically useful cut-off
scores for the EBQ-18. The results of this study were in keeping with the hypotheses.
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4.1. Factor Structure

As predicted, the confirmatory factor analysis provided support for the three-factor solution
that was identified in the initial exploratory factor analysis [20]: negative beliefs, positive beliefs, and
permissive beliefs about eating. The three-factor solution demonstrated good-fit with the non-clinical
sample that provided a homogenous sample of adequate size for CFA. When the three-factor solution
was fitted to the self-report binge eating sample, we found adequate fit to the data. Although,
we would wish for good fit across all of the fit indices, it is important to note that the BE sample was
not homogeneous (participants within this sample were recruited across university, community, and
treatment-seeking samples) and the sample (n = 190) was relatively small with regard to CFA, which
finds that fit statistics are more accurate when the sample is larger than n = 250 [33]. The CFA with
the BE sample also found that one item from the permissive scale did not load as well as other items,
“It won’t make a difference if I eat more”, with a standardised regression weight of less than 0.40 and
communality of less than 0.20. This low loading item could be impacting the psychometric properties
of the Permissive Beliefs scale as a whole. Conceptually, this item is different from other the permissive
items that focus more on the theme that binge eating is a pleasant experience that one deserves, and
instead this item assesses a sense of allowing oneself to continue a binge once eating has commenced.
Despite having the lowest factor loading, this item was retained for its clinical and theoretical value,
as well as because this item has demonstrated improved performances in other larger studies assessing
the factor structure of the EBQ. Differences across the samples, including the homogeneity of the
present sample, might account for this minor difference.

4.2. Psychometric Properties

In keeping with our hypotheses and with previous findings, the EBQ-18 and its subscales
demonstrated good internal consistency across different sample groups, with all the Cronbach’s
alphas over 0.70, thereby meeting the Terwee criteria for adequacy for internal consistency [22].
The EBQ-18 also demonstrated adequacy for agreement, showing good test-retest reliability over two
weeks with a sample of 100 university students with strong, significant correlations between Time 1
and Time 2 for the EBQ-18 and its three subscales.

Adequate content validity was also demonstrated with the EBQ-18 Total, Negative Beliefs and
Positive Belief subscale scores positively and significantly correlated with the measures of binge eating
frequency and other eating disorder symptoms (EDE-Q), other eating disorder measures (DEBQ;
EDTQ), and a measure of depression, anxiety, and stress (DASS-21). The Permissive Beliefs scale
did not correlate with EDE-Q Global Score, Eating Concerns, Shape Concerns, and Weight Concerns
subscales. However, the Permissive Beliefs scale did negatively correlate with the EDE-Q Restraint
subscale. As the EDE-Q Restraint subscale measures the individual’s recent attempts at restrictive
eating practices, such as dieting and fasting, it is unsurprising to find that it is negatively correlated
with the Permissive Beliefs scale, which measures beliefs about allowing for oneself to engage in
binge eating. Furthermore, this interesting finding differs from the correlations between the EBQ-18
Permissive Beliefs scale and the EDE-Q subscale in a large non-clinical sample in Burton & Abbott
(2018) [20], who found small, significant correlations between the EDE-Q Global Score, Eating Concerns,
Shape Concerns, and Weight Concerns subscales and the Permissive Beliefs scale, and a non-significant
negative correlation between the Restraint subscale and the Permissive Beliefs scale. This difference
in the results can be accounted for by the difference in the samples used in the two different studies
with the present study, including a clinical, eating disordered sample and overall a higher proportion
of the whole sample self-reporting to be engaging in regular binge eating (28% in the present study
compared to 19% in Burton & Abbott, 2018) [20]. It is important to note that, while the correlations
between the EBQ-18 and the included measures were significant and in the expected direction, they
are relatively small correlations.
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4.3. Clinical Utility

As predicted, the EBQ-18 scores were found to differ significantly depending on binge eating
status, such that those individuals engaging in regular binge eating scored significantly higher on
the EBQ-18 than those not engaging in binge eating, and that those individuals diagnosed with BN,
BED, or AN-BP scored significantly higher on the EBQ-18 than those individuals with AN-R. There
was no significant difference in EBQ-18 scores between those with a diagnosis of BN and those with
BED, further supporting the role of metacognitive beliefs in theoretical models of BN, BED, and
transdiagnostic models [17,20].

Furthermore, adequacy for responsiveness to treatment was demonstrated with a significant
reduction in EBQ-18 scores following a psychological intervention for eating disorders. The effect
of treatment on EBQ-18 scores was especially strong (large Cohen’s d) for those with BN or BED.
The treatment effect was also found to indicate clinically significant, or meaningful, change with
post-treatment means lower than the cut-off for clinically significant change calculated using the
formula from Jacobson and Truax [34]. Using ROC Curve Analysis, optimal cut-off scores for the
EBQ-18 and its subscales were identified. With significant AUC values, the cut-off scores that were
identified can reliably be used to discriminate clinical cases, those with BED and BN, from non-clinical
cases [36,37]. That is, respondents scoring higher than 45 on the EBQ-18 total score can be considered
to be experiencing a clinically significant level of eating disorder related beliefs about eating. However,
it is important to note that the results of the ROC curve analysis did not provide support for the
use of the identified cut-off score to be used to discriminate AN-BP cases from non-clinical cases.
Interestingly, very low scores on the EBQ-18 can be informative too, with results indicating that a score
of 23 or less could discriminate the cases of restrictive type AN from non-clinical cases. The EBQ-18
could therefore provide an informative addition to test batteries assessing for the presence or nature of
disordered eating beliefs and behaviours. One potential application of this would be for the EBQ-18 to
be administered to candidates for bariatric surgery to assess for the presence of eating disorder related
cognitions. Furthermore, the EBQ-18 can be used in research examining the predictors of successful
outcomes for obesity treatments, such as bariatric surgery or cognitive and behavioural interventions.

4.4. Limitations and Future Direction

One limitation of this study is that the evaluation of responsiveness to treatment used a mixed
sample, including both a group treatment for binge eating and individual treatment for a range
of eating disorder presentations from a number of different specialised private and public eating
disorder treatment clinics. Furthermore, the treatment used did not explicitly address or challenge
the specific unhelpful beliefs about eating that are measured by the EBQ-18. Future research should
compare change in eating beliefs over course of treatment between treatment-as-usual (CBT) and
a metacognitive therapy approach, such as that outlined in Cooper, Todd, and Wells [38], which
explicitly targets the underlying beliefs about eating thought to maintain binge eating. A further
potential limitation is the relatively small size of the sample for the treatment sensitivity analyses
(n = 38), this relatively small n was due to participant attrition following initial assessment and also due
to participants not completing the follow-up surveys after completing treatment. However, this clinical
sample size is comparable to the clinical sample sizes that were used in eating disorder research [15],
and we did not find that this sample size limited our results, obtaining significant findings with regard
to the EBQ-18’s sensitivity to treatment.

Furthermore, while the EBQ-18 and subscales demonstrated good test-retest reliability over a
two-week period, future research should also assess the medium and longer-term temporal stability of
the EBQ-18. Future studies could also assess the use of the EBQ-18 in other relevant sample groups
that were not included in this study, such as in individuals who are overeating without a sense of loss
of control and those who are engaging in subjective binge eating episodes (sense of loss of control over
eating, but without objective overeating).
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5. Conclusions

Overall, this paper provides new information on the factor structure, validity, reliability, and
clinical utility of the EBQ-18 across clinical and non-clinical samples. Notably, the results of this paper
add to the existing literature on the relevance of the three types of eating beliefs that were measured by
this questionnaire: negative, positive and permissive beliefs about eating. Endorsement of these beliefs
have been found to be significantly higher in individuals engaging in binge eating than those who do
not report binge eating, as well as endorsement of these beliefs being found to be significantly higher in
those individuals experiencing BN and BED as compared to other eating disorder and control groups.
We have also found that these beliefs reduce significantly as a result of psychological treatment.

Given the increasing prevalence and seriousness of the associated co-morbid conditions of
binge eating, including obesity, other physical and mental health conditions, and poorer quality
of life, it is important that clinicians and researchers have access to good quality, informative and
easy-to-administer assessment tools that can help to inform clinical formulation and to monitor
change over the course of treatment. The EBQ-18 is a valid, reliable, and clinically useful brief
self-report assessment of the presence of three types of specific unhelpful beliefs (negative, positive,
and permissive beliefs about eating), which are considered to maintain binge eating in individuals
with disordered eating. The EBQ-18 demonstrated evidence of good psychometric properties within a
clinical treatment-seeking sample, a sample self-reporting to be engaging in regular binge eating, and
a non-clinical sample.
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Abstract: Bariatric surgery is currently the most durable weight loss solution for patients with morbid
obesity. The extent of weight loss achieved, however, is subject to variation due to various factors,
including patients’ behaviour. In this study, we aimed to identify pre- and post-surgical predictors
of weight loss following bariatric surgery. This prospective study included 57 participants who
went through bariatric surgery (laparoscopic Roux-en-Y gastric bypass: n = 30; laparoscopic sleeve
gastrectomy: n = 23; one anastomosis gastric bypass-mini gastric bypass: n = 4) in two tertiary referral
hospitals. Consenting participants were assessed prior to surgery (T0), and three months (T1) and six
months (T2) after surgery. The assessment included interview and anthropometric measurements.
The interview was done with the aid of instruments, including the Hospital Anxiety and Depression
Scale (HADS) for anxiety and depression screening and the Dutch Eating Behaviour Questionnaire
(DEBQ) for eating behaviour assessment. Baseline comorbidity status was obtained from medical
records. A Generalised Estimating Equation (GEE) was developed to determine predictors of weight
loss. Participants in the study were mostly women (n = 37, 65%) with a mean age of 39.4 (SD = 10.01)
years. The mean excess BMI loss (EBMIL) and total weight loss (TWL) at the sixth month was
63.31% and 23.83%, respectively. Anxiety, depression, and external eating scores reduced over time.
Advancing age, high BMI, and higher scores for emotional and external eating emerged as significant
negative predictors for TWL%. It can be concluded that the patients experienced substantial weight
loss after surgery. Continuous monitoring of psychological well-being and eating behaviour are
essential for optimal weight loss.

Keywords: obesity; weight loss; bariatric surgery; eating behaviour; psychology

1. Introduction

The global prevalence of obesity has increased greatly over the past four decades [1], with a
dramatic rise in the rates of morbid and severe obesity [2]. Currently, bariatric surgery is the most
durable weight loss solution for patients with morbid obesity. It enables an average loss of up to
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60–70% of excess weight, and long-term maintenance of the loss [3,4]. Despite the impressive average
weight loss values, there is individual variation in the rate of weight loss; around 10–30% of the patients
have suboptimal weight loss or weight-regain [5,6]. This has motivated research on predictors of
successful weight loss, to identify behavioural traits that are important for better weight loss outcome
and development of post-surgical interventions.

The existing studies have identified a myriad of pre- and post-surgical predictors of weight loss,
which remain inconclusive, until now. The impact of gender is a factor that has been previously
addressed, and the findings vary from a favourable outcome among women [7] and suboptimal
loss among men [8], to absence variation in the achievement of excess weight loss (EWL) [9] and
maintenance of weight loss [6] across gender groups. A study that compared the analyses on
surgical outcomes performed using cross-sectional, as well as a longitudinal analytical technique,
reported that cross-sectional comparison showed higher EWL values among women, whereas
longitudinal regression with weight as outcome showed that women lost less weight, as compared to
men, across time [10]. This finding cautions that interpretation of the role of gender should be made
by taking into account possibilities, such as women having lower initial weight and, consequently,
having achieved higher EWL values. Younger participants were found to have better weight loss
outcomes [9,11]. Participants of Black Ethnic group were found to have lower weight loss compared to
Caucasians at the 6th and 12th month after surgery [7].

Obesity related co-morbidities were reported to affect weight loss. Patients with diabetes
mellitus [12,13] were found to have achieved lower weight loss averages, as compared to those
without diabetes and, among those with diabetes, patients who received insulin therapies had poorer
outcome [12]. Elevated level of triglycerides and HbA1C were also reported to affect weight loss
outcome [9]. The HbA1C level, or the glycaemic control, was found to be a stronger predictor of
weight loss than being diagnosed for diabetes [9]. Mixed findings have been reported when psychiatric
morbidity is concerned. The combination of the presence of two or more psychiatric disorders, no
eating disorders, and having adverse childhood experiences, was found to be associated with low
average weight loss [14]. Contradicting evidence was reported in other studies, in which higher
depression scores were associated with lesser risk of weight regain [6], and pre-surgical history of
mood disorders were associated with better weight loss outcome [15]. In a review study on the
impact of psychopathology on weight loss, the authors concluded that post-operative—and not
the pre-operative—psychopathology affected weight loss, as the former affects one’s flexibility and
ability to adapt to post-surgical behavioural changes [16]. This explains the reported favourable
association between psychopathology and weight loss. An earlier review study showed that presence
of obesity-related psychopathology, such as mild depression and low self-esteem, did not impose a
detrimental effect on weight loss, but serious psychiatric morbidities, such as major depression and
personality disorders, did, as these conditions impose difficulties in adapting to necessary post-surgical
behavioural changes [17]. Recent evidence further supported that negative personality traits were
associated with lower weight loss outcome [11].

Adherence to the dietary recommendations provided was shown to be an important predictor of
successful weight loss outcome [18]. Presence of disordered eating behaviours, such as grazing [18]
and bingeing [19], were associated poorer weight loss outcomes. Interestingly, among those who
had low adherence to recommended dietary regiments, those who grazed not more than once per
day had a weight loss success rate of 68.3%, as compared to 27.6% among those who grazed more
than once [18]. These findings show the interconnectedness of the behavioural traits, that should be
noted while monitoring patients. Emotional and uncontrolled eating traits were associated with lower
weight loss achievements [20]. In addition to that, behaviours such as frequent clinical visits [18] and
regular exercise [21] were associated with better weight loss.

The abovementioned studies provided valuable input on factors that affected weight loss after
surgery. The variations in type of surgery, duration of follow-up, time of assessment, and assessment
methods, have contributed greatly to the inconsistencies in the findings. Studies of cross-sectional
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nature do not account for the change in behaviour; regression models for weight loss outcome based
on pre-surgical psychological or behavioural parameters do not leave the readers with much clue on
the impact of post-surgical factors. Similarly, models based on behaviours at post-surgical timelines
do not provide much information on necessary behavioural changes. With regards to those findings,
the current study was designed to identify the trends in weight loss and predictors of total weight
loss (TWL), six months after surgery, with behavioural predictors assessed over time. The duration
of six months was selected to determine if the behavioural variables, especially modifiable variables,
have an impact on weight loss at the acute weight loss phase, when a dramatic weight loss is expected.
Preventive measures could be drafted to handle such modifiable predictors, in order to optimise
weight loss during the period at which rapid weight loss is expected. In addition to that, patients have
frequent contacts with healthcare providers during the first six months after surgery and, thus, could
be easily monitored.

2. Materials and Methods

2.1. Participants

Participants of the study were patients with obesity who underwent bariatric surgery for weight
loss in two tertiary referral hospitals in Kuala Lumpur, Malaysia, between December 2011 to December
2016 in one hospital, and January 2016 to January 2017 in the other. Consenting participants were
assessed thrice, before surgery (T0), and three months (T1) and six months (T2) after surgery. Follow-up
interviews were mostly conducted during clinical appointments. During the clinical appointment,
patients met the surgeons who evaluated their recovery after surgery, dietitians who advised them on
dietary plans, and sports medicine specialists who advised them on essential exercises. The follow-up
interviews for this study, which evaluated their psychological improvements, were not part of the
patient care regime, and were carried out for research purposes only. The participants who had no
appointments at a suitable duration were either met elsewhere or interviewed over the telephone.
Those who refused both the options were classified as not available for the particular interview.
Participants who were not available for any follow-up were excluded.

In total, 80 participants were recruited upon obtaining written consent and, of them, 57 (71.25%)
completed at least one follow-up interview, and were included in the study. Forty-five (56.25%) of the
80 participants turned up for the second interview, and 43 (53.75%) turned up for the third interview.
A total of 36 (63% of those included in the study) participants had completed all three follow-ups.
The surgical interventions given were laparoscopic Roux-en-Y gastric bypass 30 (53%), laparoscopic
sleeve gastrectomy 23 (40%), and laparoscopic one anastomosis gastric bypass–mini gastric bypass
4 (7%).

2.2. Measures

The participants of the study were interviewed, and subjected to height and weight measurements
during the assessments. Medical records were reviewed to obtain information on co-morbidity and
type of surgery. The Hospital Anxiety and Depression Scale [22] was used to screen for anxiety and
depression. The recommended cut-off score for the anxiety and depression subscales were 7–8 and
above, for possible anxiety and depression; 10–11 and above, for probable anxiety and depression;
and a score of 14–15 and above, for severe anxiety and depression. This instrument has shown good
validity and reliability for the Malaysian population [23].

Eating behaviour was assessed with the Dutch Eating Behaviour Questionnaire (DEBQ) [24].
This questionnaire contains 33 items that assess three types of eating behaviours: (i) emotional
eating—eating in response to emotional cues [25], (ii) external eating—eating in response to external
food-related cues [26], and (iii) dietary restraint (restrained eating)—dietary control via cognitive cues
with the intention to lose weight [27]. Higher scores for each subscale indicated stronger behavioural
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traits. The DEBQ instrument had satisfactory structural validity and reliability for our Malaysian
samples [28].

Basic sociodemographic information collected include gender, age, ethnicity, marital status,
occupation, housing, and mode of transport used. Two items, housing and mode of transport,
were included as additional socioeconomic indicators, as a person’s socioeconomic status is influenced
by the income of the nucleus family, and one’s occupation, alone, may not be adequate to depict
it. Family history of obesity was also recorded. Information on the presence of obesity-related
co-morbidities, including diabetes, hypertension, dyslipidemia, fatty liver disease, sleep apnoea,
and conditions that caused difficulty in walking, was obtained from patients’ medical records.

Height and weight measurements were taken during follow-ups, where height was measured
at the nearest 0.1 cm, and weight to the nearest 0.1 kg, using the standard scales in the hospitals.
Body mass index (BMI) was estimated as (weight in kg)/(height in m)2. Total weight lost (TWL)% was
estimated as ((preoperative weight − postoperative weight)/preoperative weight) × 100%. Excess BMI
loss, EBMIL, was estimated as follows: ((pre-treatment BMI − current BMI)/(pre-treatment BMI −
25)) × 100%. Ideal weight was the weight that had a BMI of 25.

The EWL and EBMIL are the standard weight matrices reported in almost all bariatric literature.
The EBMIL was calculated across timelines to compare the findings with existing literature. TWL was
used to study the weight loss pattern and predictors of weight loss instead of the EWL/EBMIL,
since the BMI of 25, which is used to estimate EBMIL and EWL, is not the optimal BMI cut-off for
an Asian population. That is because, for Asians, a higher risk of chronic diseases was reported at a
lower BMI than for Caucasians [29,30]. The World Health Organisation (WHO) Expert Consultation
did not suggest a different BMI cut-off for the entire diverse Asian population. The panel of experts,
however, suggested BMI 23 kg/m2 to be considered as high risk, and 27.5 kg/m2 as very high risk for
public health intervention [31]. In line with these, the value of BMI 25 in the EBMIL formula was not
amended for the current study. A measure that is non-dependent on any cut-off criteria will be a better
option to identify predictors of weight loss in this case. The TWL was least associated with pre-surgical
weight [32], an important predictor of post-surgical weight [10,32]. Using TWL, the impact of other
modifiable variables could be identified, which will be helpful in patient selection and management,
to optimise weight loss after surgery.

2.3. Ethics Clearance

Ethical approval was obtained from the ethics committee of both hospitals (MEC Ref No 732.19;
JEP-2016-276). Written informed consent was obtained from all participants during the first interview.

2.4. Statistical Analysis

Friedman’s test was used to compare the change of distribution across timelines, and Wilcoxon’s
sign rank test with Bonferroni’s adjustment was used to conduct post hoc comparisons. Kendall’s
W was used for effect size estimates. Effect size measured by Kendall’s W is considered small if the
value is 0.1, moderate if 0.3, and strong if 0.5 and above. Mann–Whitney U test was used to compare
the cross-sectional difference between groups. Spearman’s correlation co-efficient value was used to
determine the strength of association between the variables. Factors associated with TWL were studied
using a generalised estimating equation (GEE). The GEE was used instead of the linear mixed model,
which was used in previous studies, and deemed suitable to study the impact of weight loss [10].
This is because the quasi-likelihood estimation employed by the GEE, unlike the restricted maximum
likelihood estimation used in the mixed model, is not stringent on normality assumption [33,34].
The distribution of weight loss and other psychological variables, in this study, were found to deviate
from normality. The GEE is a better option for such datasets [34]. Pre-surgical as well as time-varying
(from pre to post) variables were included in the model. The pre-surgical factors included were age,
gender, ethnicity, marital status, family history of obesity, initial BMI, and baseline co-morbidities.
The time-varying factors tested were longitudinal BMI, eating behaviour, anxiety, and depression,
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across the study duration. Variables that were statistically significant (p < 0.05) and improved overall
fit of the model were retained.

3. Results

3.1. Demographic and Health Information

The participants in this study (n = 57) formed 71.0% of the total surgical patients recruited.
The characteristics of the participants and dropout group were compared. It was found that the two
groups were similar in terms of demography and weight distribution (Table 1). The study group was
representative of the cohort of patients who went through surgery. The participants in the study were
mostly Malay and women, with an average age of 39.40 years (SD = 10.01) and average initial BMI of
45.52 kg/m2 (SD = 9.94) (Table 1). The Non-Malay group that formed a substantial minority of 25%
(n = 15), consisted of Indians (n = 10, 17.5%), Chinese (n = 2, 3.5%), Caucasian (n = 1, 1.75%), and a
Pakistani (n = 1, 1.75%). The Caucasian and Pakistani participants had resided in Malaysia for a long
time (over three decades for the Caucasian participant; the Pakistani participant was born and brought
up in Malaysia) and had Malaysian citizenship. Most participants were living in their own houses
and had their own transportation. Most participants (n = 35, 61%) were employed as professionals,
associate professionals, or in managerial and executive positions (Table 1).

Table 1. Characteristics of surgical patients who were included and excluded in this study.

Factor
Included in the Study

(N = 57) n (%)
Excluded from the

Study (N = 23) n (%)
Test Statistics (χ2, p)

Gender
1.993, 0.123Female 37 (64.9) 11 (47.8)

Male 20 (27.0) 12 (52.2)
Ethnicity

0.000, 0.592Malay 43 (75.0) 17 (74.0)
Non-Malays 14 (25.0) 6 (26.0)
Age (years)

−0.039. 0.969 cMean ± SD 39.40 ± 10.01 39.30 ± 10.98
Median ± IQR a 38.00 ± 15.00 39.00 ± 12.00

Educational Qualification
1.248, 0.195School b 17 (30) 10 (43.5)

College/University 39 (70) 13 (56.5)
Housing Situation

0.748, 0.387Own House 47 (82.5) 17 (74.0)
Rented House/Quarters 10 (17.5) 6 (25.0)

Mode of Transport
2.519, 0.112Own Transport 52 (91.0) 18 (78.3)

Public Transport/Others 5 (9.0) 5 (21.7)
Occupation

NIL d

Professional/Associate Professional 20 (35) 7 (30.4)
Management and Executive 7 (12) 1 (4.3)

Clerical Support 8 (14) 3 (13.0)
Armed Forces 4 (7) 1 (4.3)

Business Owners 5(9) 2 (9.0)
Students 3 (5.4) 4 (17.0)

Retired/At Home/Unemployed 10 (17.5) 5 (22.0)
Initial BMI

1.060, 0.299 cMean ± SD 45.52 ± 18.26 49.88 ± 18.29
Median ± IQR b 43.35 ± 12.33 45.52 ± 9.95

Obesity Classification
Class I 10 (17.50) 5 (22.00)
Class II 6 (10.53) 3 (13.00) 0.105, 0.368 e

Class III 41 (71.90) 15 (65.00)
a interquartile range; b inclusive primary school, secondary school, and religious school, where one participant
belonged to the latter category; c independent sample t-test value and corresponding p-value is reported; d no
comparison was made, due to the small sample size in each category; e chi-square value is obtained by categorising
obesity Class I and II as one group (not-morbid obesity) and Class III (morbid obesity) as one group
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3.2. Weight Loss

The mean weight and BMI loss experienced in the first three months after surgery were 20.52 kg
(SD = 7.95) and 7.57 kg/m2 (SD = 2.62), whereas between the fourth to sixth month, they were 9.88 kg
(SD = 10.61) and 3.59 kg/m2 (SD = 3.61). Post hoc comparisons showed that weight and BMI differed
significantly across all timelines, and had a large effect size (Table 2). The average EBMIL and TWL
achieved at the third month were 40.53% and 22.28%, and at the sixth month, they were 63.33% and
23.83%. The most impactful weight loss occurred during the third month. The participants of the
study, who were given different surgical interventions, did not differ in terms of initial BMI (Z = 0.470,
p = 0.638) and weight (Z = −0.157, p = 0.876). Patients who had laparoscopic Roux-en-Y gastric bypass
(LRYGB) or one anastomosis gastric bypass–mini gastric bypass (MGB) performed on them had higher
EBMIL and TWL at the third and the sixth month, as compared to those who had LSG performed.
A significant difference (p < 0.05) was only observed in the value of TWL between LRYGB and LSG
patients at the sixth month (T2) (Table 3). The MGB group was not included in the analyses, due to
it having a small sample size. Change of TWL across time formed a steep line from 0 to 3 months,
that almost flattened from the third to sixth month (Figure 1).

Table 2. Weight changes across study duration.

Measure Descriptive
Baseline (T0)

(n = 57)
Third Month
(T1) (n = 45)

Sixth Month
(T2) (n = 43)

χ2 p W

Weight
(kg)

Mean, SD 122.33, 35.11 101.80, 31.74 91.93, 25.41
68.814 <0.001 0.930Median, IQR 114.0, 30.3 96.73, 22.70 87.00, 18.50

BMI
(kg/m2)

Mean, SD 45.48, 10.58 37.75, 9.86 34.11, 8.07
68.814 <0.001 0.930Median, IQR 42.453, 12.60 35.70, 8.52 32.39, 7.32

TWL%
Mean, SD 22.28, 7.82 23.83, 7.40

NAMedian, IQR 22.45, 8.88 23.68, 7.71
EWL% Mean, SD 40.55, 18.33 63.33, 33.18

NAMedian, IQR 37.81, 23.11 57.83, 30.57
EBMIL% Mean, SD 40.55, 18.33 63.33, 33.18

NAMedian, IQR 37.81, 23.11 57.83, 30.57

SD—standard deviation; IQR—interquartile range; TWL—total weight loss; NA—not applicable; EWL—excess
weight loss; EBMIL—excess BMI loss; Friedman’s chi-square, p-value and the effect size, Kendall’s W are reported.

Table 3. Weight changes across study duration (by surgery type).

Surgery (mean,
SD) (median, IQR)

EBMIL TWL

T1 (n = 45) T2 (n = 43) T1(n = 45) T2 (n = 43)

LRYGB (n = 30)
(number

followed-up)

41.89, 17.59 67.01, 36.91 17.07, 6.02 25.14, 6.98
42.58, 21.05 58.13, 26.54 17.71, 6.84 24.97, 8.2

n = 24 n = 28 n = 24 n = 28

LSG (n = 23)
38.87, 20.84 53.96, 28.26 15.74, 4.76 19.28, 6.33
33.50, 23.44 45.97, 48.55 16.20, 8.60 19.84, 9.79

n = 18 n = 11 n = 18 n = 11

MGB (n = 4)
42.76, 7.72 69.98, 13.55 18.29, 4.12 29.40, 7.52
46.14, NA 72.66, 25.13 16.15, NA 27.99, 13.98

n = 3 n = 4 n = 3 n = 4
Z, pa −0.966, 0.334 −1.373, 0.170 −0.872, 0.383 −2.269, 0.023

LRYGB—laparoscopic Roux-en-Y gastric bypass; LSG—laparoscopic sleeve gastrectomy; MGB—one anastomosis
gastric bypass–mini gastric bypass; SD—standard deviation; IQR—interquartile range; TWL—total weight loss;
NA—not applicable; EWL—excess weight loss; EBMIL—excess BMI loss; a Mann–Whitney’s U test was conducted
to compare the difference in EBMIL and TWL at the third and sixth month between surgical groups. The MGB
group was not included, due to small sample size.

82



Nutrients 2018, 10, 1616

 
Figure 1. Total weight loss (TWL) experienced across the study duration.

3.3. Psychological Factors and Eating Behaviour

Changes in psychological variables across time are shown in Table 4. Anxiety scores decreased
over time, with a significant reduction between baseline and the sixth month. The prevalence rate of
anxiety was 21% at T0, and dropped to 7% at T1 and 3.5% at T2. Depression scores reduced significantly
between baseline and the third month, as well as between baseline and the sixth month. The prevalence
rate of depression at baseline was 7%, and was reduced to 5.3% at T1 and 1.8% at T2. Changes in
anxiety and depression had a moderate effect size (Table 4).

External eating was the only eating behaviour that changed over time, with a significant reduction
between baseline and the third month, as well as between baseline and the sixth month. The change
had a moderate effect size (Table 4). The emotional eating scores across time were positively correlated.
A similar observation was obtained for the external eating scores. There was also a positive correlation
between the emotional and external eating scores. Restrained eating at T2 correlated with emotional
eating across all timelines (Table 5). The emotional and external eating scores at T2 were correlated
with anxiety and depression across almost all timelines (Table 6). The external and emotional eating
scores, due to the correlation between them, could not be regressed together. Two separate GEE models
were developed to explain the impact of the variables on TWL.

Table 4. Changes in psychological factors following surgery.

Measure Mean (SD) T0 T1 T2 Test Statistics (χ2, p) Effect Size (W)

Anxiety 4.88 (3.23) 3.43 (2.94) 2.40 (2.47) 32.53 **,b 0.465
Depression 3.72 (2.89) 2.02 (2.59) 1.60 (2.13) 28.82 **,a,b 0.412

Emotional eating 2.06 (0.94) 1.64 (0.80) 1.81 (0.81) 4.12 ns 0.082
External eating 2.86 (0.68) 2.25 (0.79) 2.38 (0.64) 19.29 **,a,b 0.386

Restraint 2.65 (0.73) 2.93 (0.86) 2.75 (0.80) 3.49 ns 0.070

** p < 0.01, ns—not significant, a—significant difference between T0 and T1, b—significant difference between T0
and T2.

Table 5. Correlation between the eating behaviour traits across time.

Emotional
T0

Emotional
T1

Emotional
T2

External
T0

External
T1

External
T2

Restrained
T0

Restrained
T1

Restrained
T2

Emotional
T0

1.00 0.452 ** 0.787 ** 0.484 ** 0.302 0.623 ** −0.045 0.264 0.425 **

Emotional
T1

1.00 0.808 ** 0.312 0.763 ** 0.709 ** 0.277 0.239 0.489 *

Emotional
T2

1.00 0.452 ** 0.653 ** 0.774 ** 0.190 0.291 0.489 **
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Table 5. Cont.

Emotional
T0

Emotional
T1

Emotional
T2

External
T0

External
T1

External
T2

Restrained
T0

Restrained
T1

Restrained
T2

External
T0

1.00 0.389 * 0.667 * 0.031 0.356 * 0.348

External
T1

1.00 0.781 * 0.080 0.146 0.389

External
T2

1.00 0.117 0.298 0.241

Restrained
T0

1.00 0.304 0.381 *

Restrained
T1

1.00 0.450

Restrained
T2

1.00

* p < 0.05, ** p < 0.01.

Table 6. Correlation between anxiety, depression, and eating behaviour.

Emotional
T0

Emotional
T1

Emotional
T2

External
T0

External
T1

External
T2

Restrained
T0

Restrained
T1

Restrained
T2

Anxiety T0 0.078 0.343 * 0.484 ** 0.180 0.104 0.325 * 0.230 0.357 * 0.430 **
Anxiety T1 0.210 0.382 * 0.473 ** 0.009 0.232 0.347 * 0.500 ** 0.254 0.390 *
Anxiety T2 0.345 * 0.575 * 0.569 ** 0.291 0.414 * 0.573 ** 0.157 0.457 * 0.216

Depression T0 0.102 0.169 0.377 ** 0.234 0.092 0.341 * 0.309 * 0.189 0.387 *
Depression T1 −0.067 0.112 0.225 0.134 0.097 0.207 0.211 −0.071 0.234
Depression T2 0.355 * 0.3361 0.559 ** 0.165 0.193 0.359 * 0.198 −0.017 0.277

Emotional—emotional eating, External—external eating, Restrained—restrained eating, Anxiety—anxiety score,
Depression—depression score. T0—before surgery, T1—three months after surgery, T2—six months after surgery.
* p < 0.05, ** p < 0.01.

3.4. Predictors of Weight Loss Following Surgery

The GEE models show that the average monthly TWL experienced was 5.7% (6.12t − 0.42t2)
(Table 6) and 5.3% (5.68t − 0.38t2) (Table 7). The squared term for time had a negative value, indicating
a quadratic equation with an increasing trend (inverted U pattern). In the first model, increased
age, higher BMI, and higher emotional eating scores were found to be associated with lower TWL
percentages (Table 7). The second model showed that increased age, higher BMI, and higher external
eating scores were associated with lower TWL percentages (Table 8). All other predictors (except
eating behaviours) in both the models were similar, and had slope values that were almost similar.

Depression, which was found to be a significant predictor of TWL after controlling for age,
BMI and time, became insignificant upon inclusion of emotional and external eating in the equations.
Eating behaviours were found to be stronger psychological predictors than depression. Anxiety, initial
weight, initial BMI, comorbidities, family history of obesity, and other sociodemographic factors, were
not significantly associated with change in TWL%.

Table 7. Predictors of total weight loss (TWL) following bariatric surgery.

Factor Regression Coefficient, β 95% Confidence Interval of β df

Intercept 12.67 ** (7.34, 18.00) 1
Time (month) 6.19 ** (5.15, 7.23) 1

Time2 −0.42 ** (−0.60, −2.34) 1
Age −0.10 ** (−0.19, −0.02) 1

Emotional Eating −0.32 ** (−0.57, −0.06) 1
BMI −0.18 ** (−0.25, −0.10) 1

df—degrees of freedom. ** p < 0.01.

84



Nutrients 2018, 10, 1616

Table 8. Predictors of total weight loss (TWL) following bariatric surgery.

Parameter Regression Coefficient, β 95% Confidence Interval df

(Intercept) 19.196 ** (11.67, 26.73) 1
Time 5.688 ** (4.66, 6.73) 1
Time2 −0.376 ** (−0.55, −0.20) 1
Age −0.122 ** (−0.21, −0.03) 1
BMI −0.291 ** (−0.42, −0.16) 1

External −0.344 * (−0.62, −0.07) 1

df—degrees of freedom. * p < 0.05, ** p < 0.01.

4. Discussion

This study examined the weight loss and predictors of weight loss at six months post-surgery.
The mean EBMIL experienced in the six months was 63.33%, which was around the values reported
for the same duration in previous studies, 56.4% [7] and 65% [13]. The mean TWL at the sixth month,
23.83%, was also around the value reported for six months in another study, 25.7% [7]. The weight loss
achieved by the participants in this study is comparable to what is reported elsewhere.

Initial weight is a predictor for weight loss that has been replicated in many studies. Models with
EWL/EBMIL as the outcome showed that higher initial weight (or BMI) were negative predictors
of weight loss outcome [7,9,13,35], and the impact was seen at the sixth month post-surgery [7,13].
It has been shown that initial weight was the most important predictor that explained over 93% of the
variation in weight [36]. In this study, initial BMI was not a significant predictor of TWL. A previous
study that used TWL as the outcome also reported an absence of association between initial weight and
TWL [37]. The negative slope obtained for the continuous BMI variable, however, still leads to a similar
conclusion of an inverse association with higher weight and percentage of weight loss. The negative
relationship could be due to a lower level of physical activities among heavier patients [36]. In addition,
large absolute values of weight loss experienced by these patients, when converted to percentage of
total body weight lost, could be projected as a smaller value, as compared to a person with lower
body weight.

The inverse association between increased age and weight loss, found in this study, is in coherence
with previous findings [9,11]. Lower rates of co-morbidities among younger patients [16], decreased
physically activity among older adults [38], and slower recovery with increasing age, could contribute
to the age effect. The slope value of β = −0.10 and β = −0.12 for age shows that TWL is reduced by
0.1 or 0.12 units, with the increase in age by one unit. A patient who is 60 years old is expected to
experience between 6% and 7.2% less weight loss due to age, whereas a 40-year-old person experienced
between 4% and 4.8% less weight loss. A difference of 2% and 2.4%, for a 20-year age gap, is not a
formidable amount. Age should not be a reason for older patients being denied this surgical option,
considering the many improvements in co-morbidity and metabolism that followed [39].

The observed positive correlations between emotional eating scores across time indicate that
higher scores at pre-surgical time-line were indicative of higher score post-surgically. A similar trend
was seen for external eating. These findings show that the eating behaviour traits do not disappear
during the early stages after surgery and affect weight loss during the rapid weight loss period.
The findings could be related to a previous study which showed that emotional eating was associated
with suboptimal weight loss (failure to achieve EWL > 50%) two years post-surgery [20]. A study
with a 10-year follow-up showed that those who had lost <10% EWL, or regained weight, had higher
uncontrolled eating and hunger scores [40]. The uncontrolled eating or disinhibition was described as
eating opportunistically, or in relation to external food-related cues [41], and overlaps, to an extent,
with the concept of external eating. The previous findings could, thus, be related to the current finding
that eating in response to external stimuli, be it emotional or food-related cues, has an adverse effect
on weight loss outcome post-surgery. The observed correlation between restrained eating at T2, and
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emotional eating at all time lines, could potentially refer to the effort that the patients with emotional
eating take to control their diet, probably due to the unsatisfactory weight loss percentages achieved.

A review showed that emotional eating, in addition to having a direct negative impact on weight
loss, was also found to be the underlying reason for various disordered eating behaviours; such as
uncontrolled eating, grazing, and binge eating [42]. Those behaviours were found to be induced by
a variety of emotional triggers [42]. A recent finding showed that the emotional and external eating
behaviours were associated with depression [43]. These lines of evidence, that showed the existence of
a complex relationship between eating behaviour and psychopathology, are further supported by our
findings, which show that emotional and external eating, six months after surgery, were correlated
with anxiety and depression scores.

The clinical implication of the current finding is that eating behaviours affect weight loss during
the acute weight loss period. It is a stronger negative predictor than depression scores at the early
stage. However, it is of note that psychopathology was low among the participants, due to the patient
selection process for surgery, where patients with severe psychiatric morbidity were excluded. Patients
with tendencies to eat in response to external cues, be it emotion or food-related stimuli, should be
identified and subjected to counselling and behavioural therapy, and given continuous support to curb
the behaviours which are detrimental to weight loss. Acceptance-based behavioural treatments, which
have been shown to be effective in improving negative eating behaviours and causing better weight
loss or maintenance [44], could be adapted for such surgery candidates. It is of utmost importance to
note that the eating behaviour traits were self-reported measures made using screening instruments
and, thus, should not be used as a patient selection tool but, rather, an additional way of guiding the
patients towards better weight loss outcome.

There are some limitations to the study. Firstly, the limited sample size has an inhibitive effect
on the power to identify predictors with smaller impacts. The follow-up duration of six months was
selected to study the impact of behavioural variables at an early stage. A longer follow-up duration is
essential to observe the impact of behavioural factors on weight loss. The psychological factors and
eating behaviour variables were self-reported by patients and, thus, the risks of under- or overreporting
are undeniable. Future studies, with larger sample sizes, longer follow-up durations, and psychological
and eating behaviour assessments by experts, are warranted. Despite these limitations, the current
finding shows that the impact of psychobehavioural factors, at the early stage after surgery, is of
importance for clinical management of patients and, thus, warrants attention.

5. Conclusions

The findings show that patients experienced significant weight loss and improvements in
psychological factors after surgery. Eating behaviours were important predictors of weight loss
six months post-surgery. Continuous assessment of eating behaviour during pre- and post-surgical
follow-up is essential to achieve good weight loss outcomes.
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Abstract: The aims of this paper were to compare (1) the proportion of participants diagnosed
with threshold or subthreshold Bulimia Nervosa (BN) and Binge Eating Disorder (BED) (clinical
utility), and (2) the severity of participants’ clinical features and mental Health-Related Quality of Life
(HRQoL) (convergent validity), when diagnosed according to either the Diagnostic and Statistical
Manual of Mental Disorders—5th edition (DSM-5) or the proposed International Classification
of Diseases 11th edition (ICD-11) schemes. One hundred and seven adult men and women,
with a high Body Mass Index (BMI) were evaluated by interview to confirm their eating disorder
diagnoses. All participants completed self-report assessments of current symptoms and mental
HRQoL. The majority of participants in either diagnostic scheme were included in the main categories
of BN or BED (102/107, 95% in the ICD-11 and 85/107, 79% in the DSM-5). Fewer individuals received
a subthreshold other or unspecified diagnosis with the ICD-11 compared to the DSM-5 scheme (5% vs.
21%). No significant differences in demographic, clinical features or mental HRQoL of participants
with complete or partial BN or BED were found between diagnostic categories. Compared to the
DSM-5, the proposed ICD-11 was not over inclusive, i.e., it did not appear to include people with less
severe and potentially less clinically relevant symptoms. These results support the greater clinical
utility of the ICD-11 whilst both schemes showed convergent validity.

Keywords: Bulimia Nervosa; binge-eating disorder; Diagnostic and Statistical Manual of Mental
Disorders; International Classification of Diseases

1. Introduction

Currently two diagnostic classification systems guide the field of mental disorders, the Diagnostic
and Statistical Manual of Mental Disorders in its 5th edition (DSM-5) [1] and the International
Classification of Diseases, now in its 10th edition (ICD-10) [2]. The 11th edition of the ICD-
is in preparation [3,4]. A World Psychiatric Association Global Survey (WPA-WHO) involving
4887 psychiatrists in 44 countries indicated that 79.2% of the sample often or almost always/always
used one of these formal classification systems as part of their day-to-day clinical work [5]. The DSM-5,
which covers mental health exclusively, is very commonly used in the United States, United Kingdom,
Australasia, and in international research. The ICD-10 is more extensive, as it includes all medical
diagnoses, and it is the official government classification scheme in the majority of countries
worldwide [2,5]. Further, the two schemes differ substantively in their structure, definitions and
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diagnostic guidelines, particularly concerning disorders characterized by recurrent binge eating such
as Binge Eating Disorder (BED) and Bulimia Nervosa (BN) [6,7].

In both schemes, BED is now included as the third major eating disorder after BN and anorexia
nervosa (AN). Both systems also became more inclusive aiming to reduce the formerly very high
number of cases (around 60%) diagnosed within the residual poorly specified categories. DSM-5 now
has two such categories—Other Specified Feeding or Eating Disorder (OSFED) and Unspecified
Feeding or Eating Disorder (UFED), respectively. OSFED has five diagnostic groups: (1) atypical
anorexia nervosa; (2) BN of low frequency and/or limited duration; (3) BED of low frequency and/or
duration; (4) purging disorder; and (5) night eating syndrome. UFED is the residual category with
no specific criteria [1]. The proposed ICD-11 guidelines [8,9] have such category—Other Feeding
or Eating Disorder (OFED). The proposed OFED is closer to the DSM-5 UFED, in being a more
general, nonspecific category of people who fall outside diagnostic criteria for a main eating disorder.
The main features of OFED are the inclusion of atypical eating behaviors; symptoms that do not fulfill
criteria for other Feeding and Eating Disorder (FED), for another mental and behavioral disorder,
for another health condition, or that are not secondary to the use of substance or medication interfering
on the central nervous system; symptoms and behaviors that are not sanctioned by cultural aspects;
and finally, symptoms that impact on the person’s personal, social, or work life.

In the DSM-5 [1] and the provisional ICD-11 guidelines [9], the essential features of binge eating
are: (1) frequency of once weekly or more; (2) loss of control over the binge eating episode; and (3)
marked distress. ICD-11 differs in the inclusion of subjective binge eating episodes (SBEs), where the
amount consumed is normal or small although subjectively considered as large by the individual.
This is supported by a large body of research [10–13]. A second point of difference between the DSM-5
and proposed ICD-11 criteria for BN and BED is the duration of binge eating episodes. In the DSM-5
this is at least 3 months for both disorders. In the proposed ICD-11 the recommendation is at least one
month for BN and three months for BED except where the binge eating episodes are very frequent
and the diagnosis of BED may be made for shorter period, such as one month. Third, the presence of
diagnostic specifiers are required as diagnostic criteria for BED in DSM-5, while these are not essential
in the provisional ICD-11.

In the DSM-5, a mental disorder is defined as “associated with significant distress or disability
in social, occupational, or other important activities” (p. 20, [1]) and the proposed ICD-11 states the
same [2]. Whilst functional disability is not further specified for either BN or BED, many studies do
attest to the poor mental Health-Related Quality of Life (HRQoL) and role impairment, defined as
“days in which the person was unable to perform the usual work or other activities, e.g., caring for
children in the home” [14]. As the ICD-11 proposes broader symptomatic criteria, it is important to
know if these define a syndrome of individuals with less impairment or poorer HRQoL than would be
found using the DSM-5 scheme, and who may not meet the over-arching requirement for social or
functional impairment as suggested in recent epidemiological studies [15,16].

Thus, the aims of this study were to compare (1) the proportion of participants diagnosed with
threshold or subthreshold BN and BED (clinical utility); and (2) the severity of clinical features and
mental HRQoL of these categories (convergent validity), in either scheme. We hypothesized that the
broader criteria proposed in the ICD-11 would decrease the number of diagnoses of unspecified or not
otherwise specified categories to a greater degree than in the DSM-5.

2. Materials and Methods

2.1. Procedures

Data were collected in a sample of 107 individuals of both genders, with threshold and
subthreshold BN or BED, who attended the second phase of assessment for eligibility to participate in
a randomized controlled trial (RCT) testing the efficacy of a new psychological intervention to treat
overweight or obese people with BN or BED [17]. Participants were recruited from the waiting list of
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a Brazilian university center specialized in the treatment of eating disorders and advertisements in
printed, internet and oral media. Assessment started with a brief screening interview by telephone.
Volunteers were then assessed in person with the Mini International Neuropsychiatric Interview
(MINI) [18,19], administered by psychiatrists, and height and weight measured with calibrated scales
and a stadiometer.

A third assessment phase involved the administration of a semi-structured interview named the
Eating Disorder Examination Edition 17.0 D (EDE) [20]. This interview was used both to confirm
the eating disorder diagnoses of participants and to collect detailed data on overall eating disorder
symptoms and behaviors. One author (MAP), who had been trained at the Centre for Research on
Eating Disorders at Oxford, administered the EDE and made the diagnoses of each patient based
on DSM-5 criteria [1] and the provisional ICD-11 diagnostic guidelines [8,9]. For the purpose of
this secondary study, inclusion criteria were: participants that met DSM-5 diagnostic criteria for BN,
BED, OSFED–BN, OSFED-BED, or UFED, were aged ≥18 years and had a Body Mass Index (BMI)
between 27 and 39.9 kg/m2. Thus, in this secondary study, 107 participants were selected, including 98
people who enrolled in the RCT and 9 participants who participated in all selection and recruitment
assessments, but declined to enter the treatment intervention. Figure 1 shows the participant flow and
reasons for exclusion during recruitment phases.

Figure 1. Flow chart of patient selection.

2.2. Measures

The assessment measures used for the study are detailed below:

1. Mini International Neuropsychiatric Interview (MINI) [18,19]: this structured interview is reliable
and validated for diagnoses according to the DSM-5 [1]. The MINI version 5 [21] assessing
DSM-IV diagnoses [22] has been translated into Portuguese. Thus, the MINI-5 was used in this
study, with modifications to coding according to DSM-5 criteria, as in the MINI-7 [19].
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2. Eating Disorder Examination (EDE) Edition 17.0D [20]: the EDE is a semi-structured interview.
It assesses eating disorder features. It has four subscales measuring levels of dietary restraint,
eating, shape and weight concerns. The global score is a mean of subscale scores. In this study,
the new Version 17.0D item scoring, that included “being in control” as a reason for the behavior
or cognition, was used. EDE version 16.0 [23] has been translated to Brazilian/Portuguese
by researchers from the Universidade Federal do Rio de Janeiro (Silvia Freitas, José Carlos
Appolinario), by authors of this paper (MAP, AC) and by an eating disorder specialist and
member of the Eating Disorder Program (Christina Morgan—CM). A certified translator then
back translated it into English. An author of the EDE (O’Connor, M) approved the final version.
The translated EDE interrater reliability and concurrent validity were tested and found to be
satisfactory. In the validity study, the diagnoses were made according to the eating disorder
module of the SCID-I/P interview [24] (Portuguese version) [25]. Diagnostic agreement between
the Portuguese EDE version 16.0 and the SCID I/P (both testing DSM-IV diagnoses) was found to
be moderate (Kappa = 0.66; n = 149), with a Cronbach α of 0.91 (95% CI: 0.88 0.92) (unpublished
data provided by AC). For the purpose of the present study, small adjustments were made by
MAP, so that the Portuguese version used was consistent with the 17th version of the EDE [20],
in order to derive DSM-5 categories. Cronbach α in this sample was 0.66, n = 107.

3. Binge Eating Scale (BES) [26]: the BES is a 16-item self-report instrument that was translated
and validated in a Brazilian sample [27]. The BES measures frequency and severity of binge
eating. The Brazilian version has undergone psychometric assessment and has a cut-off point for
normality of 17 for the screening of eating disorders in obese individuals seeking treatment for
weight loss. Cronbach α in this sample was 0.83, n = 106.

4. Loss of Control over Eating Scale (LOCES) [28]. This 24-item self-report scale measures
loss of control during binge eating episodes in the last 4 weeks, with a mean score of
1.70 (SD = 5.72). It has been translated into Brazilian/Portuguese. This translated version has
adequate psychometric properties (factor analysis and convergent validity) [29]. Cronbach α in
this sample was 0.91, n = 107.

5. Depression, Anxiety and Stress Scale (DASS-21) [30,31] was used in its translated and validated
Brazilian/Portuguese version [32]. The DASS is a 21-item self-report instrument that measures
the presence and severity of depressive symptoms, anxiety and stress with a cut-off point for
normality of 9 for depression, 7 for anxiety and 14 for stress. Cronbach α in this sample was 0.92,
and for each subscale was: stress 0.85, depression 0.89, and anxiety 0.77, n = 107.

6. Health-related quality of life was assessed with the 12-item Short Form Health Survey (SF-12) [33]:
a self-report questionnaire. It has two scales, the Physical Health Component Summary scale
(PCS) and Mental Health Component Summary scale (MCS). The English language version
has sound psychometric properties and it has been translated into Brazilian/Portuguese [34].
Cronbach α in this sample was 0.79, n = 106.

7. Disability was asked with a question closely similar to the ‘days out of role’ questions employed
in the Australian National Survey of Mental Health and Well-Being [35]. Participants were asked
to write for the past 4 weeks a response to, “on how many days, if any, were you unable to complete
your work, study or household responsibilities because of any problem with your (physical or emotional)
health”? An author (MAP) translated this text.

2.3. Statistical Analyses

Frequency and percentage statistics were used to report the distribution of diagnoses including
OSFED, UFED and OFED categories for each scheme. Chi square statistic (χ2) and Fisher’s Exact Test
were used to compare the frequency distributions of BN, BED, and OSFED/UFED or OFED for each
scheme. The t-test or the Mann-Whitney U test were employed for parametric or non-parametric data
and/or very small group sizes respectively, with correction of p to < 0.01 for multiple testing. SPSS v.23
was used for analyses [36].
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2.4. Ethics

The RCT study was approved by the Human Research Ethics Committee of the Universidade
Federal de São Paulo (UNIFESP), Brazil (CAAE 43874315.4.0000.5505). All participants provided
written informed consent. Access to the data was limited to investigators and authorized researchers.
The trial was formally registered in the U.S. National Institutes of Health Clinical, trial registration
number NCT02464345, on 1 June 2015.

3. Results

One hundred and seven participants were included in this study. The majority of the participants
were women (96%), and white (75%). A large minority were married (44%), and completed an
under-graduate level of education (43%). The mean age was 40.07 years (SD 11.67), and mean BMI
was 33.69 (SD 3.32). The sample included 50 (47%) participants with twice weekly Objective Binge
Eating Episodes (OBEs) and 36 (34%) with weekly OBEs in the past 3 months. The remainder had a
mix of OBEs and SBEs with the exception of one participant who had only SBEs.

Diagnostic evaluation using DSM-5 criteria resulted in 15/107 (14%) participants with BN, 70/107
(65.4%) with BED, 8/107 (7.5%) with OSFED-BN, 5/107 (4.7%) with OSFED-BED, and 9/107 (8.4%)
participants with UFED. Applying the proposed ICD-11 criteria, there were 20/107 (18.7%) with BN,
82/107 (76.6%) with BED and 5/107 (4.7%) participants with OFED. The provisional ICD-11 diagnostic
guidelines included 102/107 participants (95%) in the main categories of BN or BED compared to
DSM-5 with 85/107 (79%), and 5/107 (5%) versus 22/107 (21%) with other or unspecified diagnosis
(χ2 = 20.265, df = 1, p < 0.001, Fisher’s Exact Test).

Comparative clinical features of the participants diagnosed according to either scheme are
reported in Table 1. There were no significant differences in eating disorder or other psychiatric
symptom severity, HRQoL, days out of role or BMI between participants with BN, BED or
OSFED/UFED/OFED diagnosed according to DSM-5 or the proposed ICD-11.
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4. Discussion

This study compared the clinical utility and convergent validity of the two main classification
systems for psychiatric disorders—the DSM-5 [1] and the provisional ICD-11 [8,9]. Threshold and
subthreshold diagnoses of BN and BED were derived using the “gold standard” semi-structured
interview for eating disorders—the EDE-17.0D [20]. In both systems, a majority of participants met
full BN or BED criteria. This supports the improved clinical utility of both schemes over the former
DSM-IV [22] and ICD-10 [2] where a larger proportion of people did not meet full criteria [6,37].

In the present study, a greater number of participants received a main diagnosis of BN or BED with
the provisional ICD-11 scheme compared to the DSM-5. Despite the inclusion of some less severe cases
in those diagnosed according to ICD-11, overall there were no significant differences in levels of eating
disorder or general psychopathology, BMI, mental or physical HRQoL, or role impairment between
diagnoses defined by either classificatory system. These data do not support the findings reported
by Mitchison et al. [16] where there was less impairment in people with less severe recurrent binge
eating. A possible explanation is that the Mitchison study was based on the results of a community
sample and this study used a clinical sample of people with high BMIs and an eating disorder who
were seeking treatment, i.e., people potentially with more severe illness. Indeed, the present study
included a higher proportion of people with twice-weekly OBEs, 58.1% (50/86) compared to 40.5%
(158/390) in the Mitchison sample; and in the latter study those with twice weekly binge eating had
poorer mental HRQoL, whether associated or not with marked distress.

Thus, the results of this study demonstrated that regardless of the classificatory system used,
significant levels of associated general psychopathology and impact on mental HRQoL were observed
in people with disorders characterized by recurrent binge eating. Our findings support those of
Hudson’s et al. [38], in which a high association between lifetime comorbid psychiatric disorders and
role impairment in people with BED and BN was reported.

Different approaches guide these two classificatory systems, in particular the fact that the proposed
ICD-11 diagnostic guidelines do not provide a “check-list” for diagnostic criteria. The diagnosis is
based on a description of the essential features of the conditions, i.e., symptoms and characteristics that
clinicians expect to find in all cases of the disorder. Reed [37] highlights that a large number of people
with mental disorders around the globe may not receive treatment as a consequence of diagnoses
being restricted by over rigid criteria. We anticipate that clinicians will likely find the ICD-11 scheme
more user friendly, as it allows for greater clinician judgement [3] and is more flexible than the DSM-5.
More of their patients may thereby receive definitive diagnosis and also, be eligible for care that is
contingent on having a main diagnosis. On the other hand, the strict criteria of the DSM-5 are more
applicable to the research setting where there is a need for tight criteria for reproducibility of studies.

A strength of this study was the use of an interview considered the gold standard (the EDE) for
providing eating disorders diagnoses. Limitations include the small numbers of participants with
ICD-11 BN and OSFED/UFED/OFED, with a subsequent risk of TYPE II error; a sample characterized
by individuals who are overweight or obese; no participants with AN or other eating disorders;
and the moderate alpha level of the EDE. Further, the BES has been validated in people with obesity
and this sample included a small number (13.1%) with BMI 27.5–29.9. A final limitation is that the
present study reports on a secondary analysis of data from a RCT testing the efficacy of psychological
interventions for overweight people with bulimic disorders and used an EDE version, which does
not collect the distress criterion across both OBEs and SBEs. However, the vast majority, 77 of 82
participants, had distress associated with OBEs.

5. Conclusions

The present article found that both the DSM-5 and ICD-11 diagnostic schemes had a low
proportion of participants with a poorly specified (OSFED/UFED) diagnosis. Further, those included
as BN or BED in the ICD-11 were not less severe than the ones with BN or BED in the DSM-5 groupings.
The increased flexibility of the proposed ICD-11 may extend the clinical utility of this scheme compared
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to the DSM-5. However, further research is needed in larger samples of people with BN, people who
are not overweight, and in people with other eating disorders diagnoses.
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Abstract: The effectiveness of biofeedback and neurofeedback has been investigated in a range
of psychiatric disorders. However, to date, there are few studies on the clinical usefulness of
feedback-based techniques for eating disorders (EDs) and EDs-related symptoms (e.g., food craving).
A systematic search of PubMed, Scopus and PsychINFO identified 162 articles. Among these, thirteen
studies exploring the therapeutic use of biofeedback and neurofeedback in EDs or EDs-related
symptoms were included. Biofeedback and neurofeedback were implemented respectively in
five and eight of all reviewed articles. No studies incorporated different feedback modalities or
both biofeedback and neurofeedback. The considered studies provide preliminary data of the
usefulness of feedback-based techniques in the treatment of several dysfunctional eating behaviors
(e.g., food craving, rumination). Although no significant effect has been reported for other important
EDs-related symptoms (i.e., body image disturbance), feedback-based techniques are also associated
with significant modifications of both sympathetic reaction to food-related stimuli and brain activity
in several regions of the reward system (e.g., insula). Taken together the results of the present review
suggest that feedback-based treatments may be useful in the treatment of several dysfunctional eating
behaviors operating both on top-down and bottom-up individual coping strategies. Methodological
and clinical issues are also discussed.

Keywords: biofeedback; EEG-Neurofeedback; fMRI-Neurofeedback; eating disorders;
psychophysiology; eating disorders-related symptoms

1. Introduction

Eating disorders (EDs) are severe and disabling conditions caused by multiple factors (e.g.,
genetic and psychosocial) [1], which are associated with significant functional impairments [2],
high mortality risk [3] and treatment difficulties [4]. The last edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5) [5] includes a substantially revised section on EDs [6,7],
now named “Feeding and Eating Disorders”. This section includes the following diagnoses: pica,
rumination disorder (RD), avoidant/restrictive food intake disorder (ARFID), anorexia nervosa
(AN), bulimia nervosa (BN), binge eating disorder (BED), and other specified feeding or eating
disorder (OSFED).

EDs and related symptoms are common in both children and adolescents [8,9]. In adults,
the lifetime prevalence is about 0.6% for AN, 1% for BN, and 3% for BED [2,3]. Furthermore, it has
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been recently reported that, following the transition to DSM-5, the prevalence of OSFED has decreased,
and that AN, BN and BED have increased in non-clinical samples [10]. Similarly, EDs-related symptoms,
such as food craving (i.e., an intense desire to consume a specific food that is difficult to resist);
Refs. [11–13] or loss of control over eating, are widely reported amongst the general population.
For example, in a non-clinical sample it has been reported [14] that 28% of women and 13% of men
reported food craving at least once a week during the past 6 months. This symptom is also commonly
experienced in AN [15,16], BN [16–19], and BED [20,21]. Moreover, it has been reported that food
craving severity is positively associated with both body mass index (BMI) [13,22–25], drop-out from
weight loss programs [25–27], and a meta-analysis [28] on 3292 individuals showed that it significantly
contributes to dysfunctional eating behaviours and weight gain.

Similarly, loss of control over eating is a relatively frequent experience among both adolescents
from the general population (i.e., about 17%) [29], adults with obesity (i.e., BMI ≥ 30 kg/m2) and
patients with EDs [30]. Additionally, it was positively associated with other psychopathological
symptoms (e.g., non-suicidal self-injury, body dissatisfaction, higher depressive symptoms) [31].

Multidisciplinary approaches, combining medical, dietetic and psychological interventions are
generally recommended in the treatment of EDs [32]. However, it is known that current treatments for
EDs are often related to treatment difficulties [4] and poor long-term efficacy [1,33,34]. For example,
it has been reported that several treatments, such as nutritional rehabilitation and psychological
approaches (e.g., cognitive-behavioral therapy, family-based therapy), are associated with high relapse
rates in adolescents with AN [33]. Similarly, binge eating remission rates at the end of treatments
are only found in 30–40% of patients with BN [1]. Therefore, the necessity of additional treatment
modalities for these mental disorders has been proposed [35].

Feedback-based treatments (i.e., biofeedback and neurofeedback) have been suggested as
additional treatment modalities for EDs [36]. Feedback is considered a crucial component of
mental health interventions, increasing motivation, facilitating the learning process and modifying
dysfunctional thoughts and behaviors [37]. Over the last thirty years there has been an increasing
number of disorders, including EDs, for which biofeedback and neurofeedback have been investigated
with more or less empirically supported results [38,39].

Biofeedback and neurofeedback are operant-conditioning based trainings that allow individuals
to learn how to regulate neurophysiological activity in response to real-time feedback, in order to
improve health and performance [38]. Biofeedback refers to an intervention that helps individuals
to control or change their physiologic functioning (e.g., heart rate, electrodermal activity, respiratory
rate, muscle tension and peripheral temperature) [40]. Neurofeedback refers to a form of biofeedback
involving different modalities, such as electroencephalography (EEG) or real-time functional magnetic
resonance imaging (rt-fMRI), that trains individuals to control or modify their brain activity [41].
Compared to other neuro-stimulation techniques (i.e., transcranial direct current stimulation),
which may be associated with several mild and transient adverse effects [42], feedback-based
treatments are not related with side effects [43] and seems to be easy and affordable techniques
for general practices and clinicians [44,45].

During a typical feedback-based session, neurophysiological activity (e.g., brain and or
electrodermal activity) is “fed back” to the individual using a brain-computer interface, providing
continuously updated information about their success in regulating their neurophysiological
parameters [36]. The successful self-regulation of the individuals’ physiology represents an immediate
and effective positive reinforcement, creating a positive loop between the machine’s feedback
and the patient’s successful self-regulation [40]. Therefore the three necessary components for a
feedback-based session are: (i) a therapist explaining the equipment and its use, (ii) a patient and (iii) a
monitoring machine that provides accurate neurophysiological information [38]. Although training
sessions and modalities may be different according to the individual needs and/or the diagnosis [40],
general protocol guidelines are provided [38].
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2. Study Rationale

The clinical efficacy of biofeedback and neurofeedback has been investigated in a range of
psychiatric disorders [38,39]. However, to date, there are few studies on the clinical usefulness of
feedback-based techniques for EDs or EDs-related symptoms. Therefore, the present systematic review
(PRISMA checklist is reported in Table S1) was carried out to explore the current therapeutic use of
biofeedback and neurofeedback in EDs and EDs-related symptoms (i.e., food craving, binge eating,
loss of control over eating). Specifically, in this study we investigated: (i) the type of feedback-based
protocol applied, and (ii) the usefulness of feedback-based techniques assessed through clinical scales
and/or neurophysiological measures.

3. Methods

3.1. Inclusion/Exclusion Criteria

We used the P.I.C.O.S. (Population, Interventions, Comparators, Outcomes, and Study Design)
criteria to identify relevant studies. This review focused on feedback-based interventions for EDs
and related symptoms. Therefore, original articles reporting data from studies investigating the
potential therapeutic effects of different biofeedback (i.e., heart rate, electrodermal activity, respiratory
rate, muscle tension and peripheral temperature) and neurofeedback modalities (i.e., EEG, fMRI) in
this field were initially considered. Studies involving children and adolescents were also taken into
consideration. Book chapters, conference papers, reviews, dissertations, and case reports were not
included. Articles in which either feedback-based treatments for EDs or EDs-related symptoms were
not the focal point were also excluded. Moreover, feedback-based studies investigating EDs-related
symptoms (i.e., food craving, binge eating, overeating) in non-clinical or subthreshold sample
were initially considered. Both randomized and non-randomized controlled studies, as well as
pre-/post-intervention comparison reports were considered.

According to guidelines for the evaluation of the clinical efficacy of psychophysiological
interventions [46], as well as with previous systematic reviews focused of feedback-based treatments
in psychiatric disorders [39,47], articles that provided the following information were included in
the study: (i) feedback modality type, (ii) sample (i.e., including age, sex, medication status, BMI,
recruitment), (iii) study design (including type, number and duration of protocol sessions, as well as
description of study conditions), (iv) collection and analysis of neurophysiological (e.g., EEG power
spectrum, electrodermal activity etc.), behavioral (e.g., number of binge episodes) and/or psychological
outcomes measure (i.e., clinical scales). Furthermore, according to Schoenberg and David [39],
studies that did not report 2 or more components of points (ii) and (iii), and/or articles that did
not specify points (i), (iv) and (v) were excluded.

3.2. Search Strategy

Potentially relevant studies were initially identified by searching publications from the year 1970
to 5 August 2018 through the following databases: PubMed, Scopus and PsychInfo. Only English
articles were taken into account. The following search terms were entered into the databases:
“biofeedback” OR “neurofeedback” AND “anorexia nervosa”, “bulimia nervosa”, “binge eating
disorder”, “pica”, “rumination disorder”, “avoidant/restrictive food intake disorder”, “food intake
disorder”, “food craving”, “binge eating”, “overeating”, “eating psychopathology”. Articles resulting
from the search strategy were examined for relevance by screening titles and abstracts. Then, articles
that appeared to meet inclusion criteria were further evaluated by two independent researchers
(C.I. and M.M.) in order to assess all inclusion/exclusion criteria. In case of disagreement, a senior
researcher (B.F.) resolved any discrepancies and decided whether or not the study was going to be
included. A detailed flow diagram of selection of studies is reported in Figure 1.
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Figure 1. Flow diagram of selection of studies. Abbreviation: BF = Biofeedback; NF = Neurofeedback;
EDs = Eating Disorders.

4. Results

The initial search resulted in 162 articles. Duplicate articles were eliminated, leaving 107 screened
studies. Of these articles, 19 met initial inclusion criteria and were assessed for eligibility. Six articles
were subsequently excluded with reasons (e.g., missing information pertaining to methods/outcome
measures, no description of biofeedback modality, no statistical analysis etc.).

Thirteen articles fulfilled the quality assessment and are considered in this review (Table 1).
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Biofeedback and neurofeedback were implemented respectively in five and eight of all
reviewed articles. No studies incorporated different feedback modalities (e.g., electrodermal
and electromyography biofeedback) or both biofeedback and neurofeedback. None of the
studies investigated in this review reported relevant side effects for both biofeedback and
neurofeedback training.

Mean number of sessions per study was 7.42 (range 1–12). Among reviewed article, three studies
were focused on non-clinical samples [55–57], two on subthreshold samples [58,59], two on adolescents
with AN [60,61], two on patients with RD [62,63] and 5 on overweight/obese individuals [61,64–67].

Eight studies were randomized [56–60,64,65,67], but only one was a double-blind trial [65].
Four studies did not have a control condition [55,61,63,66]. No treatment/waiting list was the most
frequently (n = 7) control condition used [56–59,62,64,67], and only one study implemented a placebo
condition (i.e., simulation protocol) [65] or an alternative treatment [59] (i.e., mental imagery).

Due to the high heterogeneity of samples, outcome measures and feedback modality,
a meta-analysis was not performed.

4.1. Biofeedback Studies

Biofeedback was investigated in five of all reviewed articles. Of these, two studies implemented
electrodermal biofeedback (ED-BF) [61,67], one heart rate variability biofeedback (HRV-BF) [57],
one electromyography biofeedback (EMG-BF) [62], and one diaphragmatic breathing biofeedback
(DB-BF) [63].

Barba et al. [62] and Halland et al., [63], investigated the usefulness of EMG-BF and DB-BF
in patients with RD respectively. Both studies reported significant changes in clinical (e.g.,
decrease in regurgitation and rumination episodes) and physiological (e.g., decrease of intragastric
pressure) outcomes.

Two studies examined the potential therapeutic effects of ED-BF in obese patients with overeating.
Pop-Jordanova [61], in a pre-post study design, showed that 5 sessions of ED-BF were associated
with a decrease of electrodermal activity in a sample of girls with obesity (n = 76) and AN (n = 27).
In a sample of obese women (n = 30), Teufel et al. [67], through a randomized controlled study,
reported that compared to a waiting list, both ED-BF focused on food stimuli and ED-BF focused
on unspecific stimuli were associated with an increased ability to tolerate food-related stress (e.g.,
decrease of electrodermal activity and increase self-efficacy in dealing with food). Although these
results remained stable after 6-months follow-up, no significant changes were observed in BMI and in
ED-related symptoms (e.g., tendency to lose control of food intake).

Finally, in a study on non-clinical sample of cravers (n = 56), Meule et al., [57], reported that,
compared to a waiting-list, 12 sessions of HRV-BF were associated with a decrease of food craving
as well as with a decrease of eating and weight concerns. No significant changes were observed
in physiological measures (e.g., HRV) and in other EDs-related symptoms (e.g., shape concern,
binge frequency).

4.2. Neurofeedback Studies

Neurofeedback was investigated in eight of all reviewed articles. Of these, six studies
implemented EEG [56,58–60,64,65] and two rt-fMRI [55,66].
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Two randomized controlled studies investigated the usefulness of EEG beta training
neurofeedback (i.e., decrease beta activity at Cz electrode) in female subthreshold samples of restrained
eaters (n = 27) [58] and binge eaters (n = 57) [59]. Both studies reported that, compared to a waiting-list,
10 sessions of neurofeedback were associated with a decrease in overeating episodes and related
distress. These results remained stable after 3-months follow-up.

Two randomized controlled studies investigated the effectiveness of EEG alpha/theta training
neurofeedback (i.e., raise posterior theta over alpha amplitude with eyes closed without falling
asleep) in reducing food craving, in a non-clinical sample (n = 50) [56] and in a sample of overweight
women (n = 30) respectively [64]. It has been observed that, compared to a waiting-list, 10 sessions
of neurofeedback were associated with a decrease of food craving severity [56,64] as well as with an
improvement of mental health [64]. A significant increase of resting EEG alpha power in several brain
areas involved in food craving (e.g., insula) and food cue reactivity (e.g., parahippocampal gyrus)
was also documented [56]. Although changes in food craving persisted after 4-months follow-up,
no significant modifications were reported in other EDs-related symptoms (e.g., weight and shape
concerns) and in the general level of psychopathology [56].

Lackner et al. [60] examined the potential therapeutic effects of EEG alpha training neurofeedback
(i.e., raise posterior alpha activity) in female adolescents with AN (n = 22). It has been observed
that, compared to the standard treatment, 10 sessions of neurofeedback were associated with an
improvement in several ED-related symptoms (e.g., decrease of restriction and dieting behavior)
and with an increase of emotional competence. Although modifications of resting EEG power
were also documented (i.e., increase of theta power), no significant modifications were reported
in psychopathological symptoms (with the exception of interpersonal sensitivity), in BMI and in body
image related symptoms.

Two studies investigated the usefulness of rt-fMRI neurofeedback during the exposure to
appetitive food pictures, respectively in a non-clinical sample of women (n = 10) [55] and in
overweight/obese men (n = 8) [66]. Both studies showed that rt-fMRI neurofeedback could modify
brain activity [55] and brain connectivity [66] in crucial areas involved in the reward system (e.g.,
amygdala and prefrontal cortex). Although no significant improvement was reported in food craving
or in calorie intake assessment, a decrease of subjective hunger [55] and negative mood [66] related to
food stimuli was reported.

Finally, in the only double-blind, placebo-controlled neurofeedback study, Leong et al. [65],
investigated the effectiveness of infraslow EEG neurofeedback (i.e., the modulation of slow wave
activity (0–0.1 Hz)) in obese women with food addiction symptoms. Compared to placebo condition,
it has been reported that 6 sessions of neurofeedback were associated with an increase of infraslow
activity in the posterior cingulate cortex as well as with a decrease of state food craving.

4.3. Risk of Bias

Risk of bias in the reviewed articles was performed according to Cochrane standards of
practice [68]. Two reviewers (CI and GDM) independently assessed the risk for bias. In case of
disagreement, a senior researcher (BF) resolved any discrepancies. Risk for bias was mainly related
to the lack of both blinding and control conditions. Assessment of bias in the included studies are
reported in Figures 2 and 3.
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Figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each
included study. Green, yellow and red circles represent low, unclear and high risk of bias respectively.
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5. Discussion

The main aim of the present systematic review was to report how feedback-based treatment (i.e.,
biofeedback and neurofeedback) have been used in the treatment of EDs and EDs-related symptoms.
To the best of our knowledge, this is the first systematic review that investigates both biofeedback and
neurofeedback applications in this field.

The review identified 13 articles, five focused on biofeedback and eight focused on neurofeedback,
providing preliminary data of the usefulness of feedback-based techniques in the treatment of
several dysfunctional eating behaviors (Table 2). Specifically, it has been reported that both
neurofeedback and biofeedback training may decrease food craving severity [56–58,64,65], overeating
episodes [58,59], regurgitation [62] and rumination [63] episodes, restricting behavior [60], eating and
weight concerns [57]. Furthermore, this review showed that feedback-based techniques are associated
with significant modifications of both sympathetic reaction to food-related stimuli [61–63,67]
and brain activity in several regions of the reward system (e.g., prefrontal cortex, amygdala,
insula) [55,56,60,65,66].

Table 2. Usefulness of feedback-based techniques for the treatment of dysfunctional eating behaviors.

Clinical Eating-Related Problem Feed-Based Technique Number of Sessions

Food craving HRV-BF; Beta-NF; Alpha/Theta-NF; Infraslow-NF 6 to 10
Binge eating episodes Beta-NF 10

Regurgitation episodes EMG-BF 3
Rumination episodes DB-BF n/a
Restricting behavior Alpha-NF 10

Eating and weight concerns HRV-BF; Alpha-NF 12–10

HRV-BF = heart rate variability biofeedback; NF = Neurofeedback; EMG-BF = electromyography biofeedback;
DB-BF = diaphragmatic breathing biofeedback; n/a = not applicable.

These results seem to suggest that both biofeedback and neurofeedback increased the ability
to better tolerate stress and the ability to cope with situations involving food. Indeed, the most
common goal of feedback-based treatments implemented for EDs and EDs-related symptoms is the
reduction of stressful arousal and the increase of top-down control abilities. For example, the aim
of EEG alpha training [60] is to enhance individual alpha frequency, which is usually associated
with alert relaxation [69], in the parietal area (i.e., Pz electrode). Similarly, the goal of EEG beta
training [58,59] is to down-regulate beta activity, which is positively associated with ruminative
states of stressful arousal [70]. Consistently, the aim of alpha/theta training is to raise posterior (i.e.,
Pz electrode) theta over alpha amplitude in order to produce a state of deep relaxation, enhancing
top-down mental functions [71], such as mentalization [72]. Finally, an rt-fMRI neurofeedback has been
implemented to increase functional connectivity between brain areas (i.e., dorsolateral prefrontal cortex
and ventromedial prefrontal cortex) that regulate the top-down control of appetite for high-calorie
foods [66].

Interestingly, it has also been suggested that the target of neurofeedback is to increase bottom-up
strategies in order to decrease the salience attached to food [65], or down-regulate brain regions
activation (i.e., amygdala) during exposure to food cues [55]. Therefore, taken together these data
suggest that feedback-based treatments implemented for EDs and EDs-related symptoms can operate
both on top-down and bottom-up strategies in order to foster the neural mechanisms underlying
successful coping during stressful food-related situations.

On the other hand, this review showed no significant effect of feedback-based techniques in
improving other important EDs-related symptoms, such as body image disturbance, a crucial core
of AN and BN [5], which seems to affect also BED [73]. No significant modifications associated
with both biofeedback and neurofeedback were also reported for BMI in both patients with AN and
overweigh/obesity. These results confirm the need of multidisciplinary approaches, combining
medical, dietetic and different kind of psychological interventions in the treatment of EDs and
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ED-related symptoms [32]. For example, combining EEG alpha training neurofeedback [60] with
cognitive-behavioral exposure-based body image therapy [74] may be useful in the treatment of EDs.

It is also interesting to note that, compared to feedback-based interventions in other psychiatric
disorders [39], no studies considered in the present review incorporated different biofeedback
modalities or both biofeedback and neurofeedback. Therefore, it is possible that combining
HRV-biofeedback [57] and EEG alpha/theta neurofeedback [56,64] may be more effective in reducing
food craving severity in both clinical and non-clinical samples. Similarly, the combination of two
neurofeedback training methods, such as EEG alpha/theta training and EEG beta training, or the
combination of feedback-based techniques with other cognitive-behavioral techniques (e.g., cognitive
restructuring, exposure therapy and response prevention) may be more effective in improving a wider
range of ED-related symptoms (i.e., binge eating episodes, food craving).

Although the present review provided preliminary results of the usefulness of feedback-based
techniques in the treatment of EDs and EDs-related symptoms, several methodological issue should
be considered.

First, up to date, there are few randomized, double-blind, placebo-controlled studies investigating
the effectiveness of both biofeedback and neurofeedback in large clinical samples. Indeed,
among reviewed randomized trials (n = 8) the most frequent control condition implemented was
the no treatment/waiting list, and only one study was double-blind. Consequently, most of the
studies included in the present review had a high risk of bias, which was mostly related to the lack
of both blinding and control conditions (e.g., mock feedback). This is in line with a recent systematic
review investigating the potential therapeutic effects of neurofeedback training in psychiatric disorders
associated with criminal offending [47]. Therefore, future studies should compare biofeedback and
neurofeedback with sham procedures in order to rule out the placebo effect. Secondly, compared to
feedback-based interventions in other psychiatric disorders [39], the mean number of sessions was
relatively lower (i.e., 7.42). Although it has been reported that patients may benefit by undergoing
8 to 12 sessions [40], the possibility that a greater number of sessions (i.e., from 20 to 30) may
maximize both biofeedback and neurofeedback results should be assessed. Furthermore, the stability
of psychological/behavioral and neurophysiological (e.g., EEG power) outcomes should also be
investigated taking into account long-term follow-up (i.e., at least one year). Finally, although the
present review did not provide relevant differences associated with both age and gender, future
studies should also investigate the relationship between feedback-based interventions outcomes (e.g.,
adherence to treatment, symptoms improvement) and several socio-demographic data (e.g. adolescent
vs adults with EDs, and/or men vs women with EDs).

Study Limitations and Conclusions

There are several limitations of the present review that should be considered. Firstly, the search
strategy was limited to articles published in English. Secondly, due to the high heterogeneity of samples,
outcome measures and feedback modalities, a meta-analysis in order to quantify the effectiveness of
both biofeedback and neurofeedback was not performed.

Despite these limitations, to the best of our knowledge, this is the first systematic review that
investigates both biofeedback and neurofeedback applications in the treatment of EDs and EDs-related
symptoms. In conclusion, the results of the present review suggest that, although future studies
are needed in order to draw definitive conclusions, feedback-based techniques may be useful in the
treatment of several dysfunctional eating behaviors (e.g., food craving, binge eating) operating both
on top-down and bottom-up individual coping strategies.

Supplementary Materials: The following are available at http://www.mdpi.com/2072-6643/10/11/1806/s1,
Table S1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist.
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Abstract: Family functioning is hypothesized to influence the development, maintenance, and
treatment of obesity and eating disorders. However, there are limited data examining family
functioning in relation to energy intake in the laboratory among youth at high-risk for eating
disorders and excess weight gain. Therefore, we examined the relationship between perceived
family functioning and energy intake during a laboratory test meal designed to model a binge
episode. We performed hierarchical multiple regression analyses among 108 adolescent girls in
an excess weight gain prevention trial. Participants were at high-risk for eating disorders and
excess weight gain due to reports of loss of control eating (LOC) and high body mass index (BMI).
Participants completed the Family Adaptability and Cohesion Scale III to assess family adaptability
and cohesion. Following an overnight fast, girls consumed lunch from a laboratory test meal. Poorer
family adaptability, but not cohesion, was associated with lower percentage of total energy intake
from protein and greater percentage of total energy intake from carbohydrates. Neither adaptability
nor cohesion were significantly associated with total intake. We conclude that among girls with LOC
eating and high BMI, poor reported family adaptability is associated with greater consumption of
obesity-promoting macronutrients during binge episodes. Directionality and temporality of this
association between unhealthy consumption and family rigidity requires further study.

Keywords: loss of control eating; obesity; BMI; adolescent; females; family functioning; energy intake

1. Introduction

Given the high prevalence of obesity among adolescents [1] and the relatively few effective
treatment options for this age group [2], elucidating psychological factors that promote excess weight
gain is warranted for the development of novel approaches. Loss of control eating (LOC), the subjective
feeling that one cannot stop or control what or how much one consumes [3], may be one such factor.
With approximately 33% of children with overweight or obesity engaging in LOC eating [4], LOC
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eating has been shown to be a robust predictor of excess weight and fat gain [5–7], exacerbate some
components of the metabolic syndrome [8], and predict the development of partial or full-syndrome
binge eating disorder [9,10]. Data have shown that, in general (for example, outside of the laboratory
environment), youth with LOC eating consume more highly palatable, energy dense foods than youth
without LOC eating [11–13], which may provide a mechanism for observed prospective outcomes.

The interpersonal model of binge eating disorder proposes that the link between difficulties in
social functioning and LOC eating is largely mediated by negative affect resulting from relationship
problems [14]. This model has been applied to adolescent girls with LOC eating [15]. While the theory
focuses on any type of salient relationship, data suggest that among adolescent girls with LOC eating,
family members may be most relevant to the interpersonal model [16]. Indeed, family dysfunction
has been suggested to play a crucial role in child and adolescent overweight and obesity [17–19] and
disordered eating [20–22].

Prior studies have operationalized family functioning as a person’s perceived level of adaptability
(i.e., ability of a family system to change its power structure, role relationships, and relationship rules
in response to situational and developmental stress) and cohesion (i.e., emotional bonding that family
members have toward one another) within their own family [23]. Research has shown that higher
and/or balanced levels of perceived adaptability and/or cohesion can both relate to and predict healthy
eating behaviors. Generally, it has been found that girls with diagnosed eating disorders (compared
to girls without diagnosed eating disorders) report less functional levels of adaptability and/or
cohesion [21,24]. For example, studies have shown that adolescents with binge-eating disorder perceive
lower familial adaptability than adolescents without binge-eating disorder [25], report higher cohesion
and flexibility compared to adolescent girls with anorexia nervosa or bulimia nervosa [26], and report
more negative perceived maternal criticism than a control group [27]. Among non-clinical samples of
adolescents with overweight, higher reports of overeating relate to lower perceived familial cohesion
and adaptability [28], and mothers of adolescents with overweight also report higher psychopathology
than mothers of adolescents without overweight [29].

Perceived family functioning has also been shown to relate to energy intake patterns [30,31].
For example, a cross-sectional study of youth and adults with diabetes assessing the relationships
among family meal frequency, perceived familial cohesion, and reported intake found that cohesion
mediated the relationship between family meal frequency and individuals’ intake as measured through
a food frequency questionnaire [32]. Specifically, higher levels of perceived familial cohesion were
linked to a greater reported intake of several food items considered healthful, whereas lower levels of
perceived familial cohesion were associated with a greater consumption of palatable and high-caloric
density items like fried eggs, burgers, and chips. Similar findings were observed in a longitudinal
study assessing the relationship between family cohesion and self-reported food intake in adolescents
using a food diary. Perceived cohesion was positively related to healthier reported eating behaviors,
such as breakfast consumption, and was negatively related to soda intake [31].

One limitation to the existing literature is the use of self-reported intake, which can be under (or
over) reported [33,34], particularly among individuals with overweight and obesity [35,36] or those
reporting LOC eating [37]. However, no study has examined total or macronutrient intake in relation
to family functioning during actual meals, which may be more informative for understanding, and
potentially preventing, obesity development. Lastly, there are no data specifically examining the family
functioning and test meal intake of adolescent girls with LOC at high-risk for excess weight gain and
eating disorders. We therefore related objectively measured intake at a meal designed to model a binge
episode to reported familial functioning among high-risk adolescent girls. Given data showing that
youth reporting LOC eating episodes tend to consume more energy from carbohydrate and fat and
less energy from protein compared to youth not reporting LOC eating episodes [11,38], girls with
overweight have greater overall energy consumption [13,39] and youth with LOC tend to have greater
liking of foods in a test meal [40]. We hypothesized that lower levels of adaptability and cohesion

118



Nutrients 2018, 10, 1869

would relate to greater total energy consumption, a greater percentage of energy consumed from fat
and carbohydrates, and a lower percentage of energy consumed from protein.

2. Method

2.1. Participants

108 adolescent girls aged 12–17 years old and at high-risk for eating disorders and excess
weight gain participated in a clinical study for the prevention of LOC eating (ClinicalTrials.gov
ID#: NCT00680979). All data for the current analyses were collected at baseline prior to the initiation
of any treatment. As previously described [41], inclusion criteria involved being between the 75th
and 97th percentile for body mass index (BMI; kg/m2) and having undergone at least one LOC
episode in the last month. Exclusion criteria included any major medical or psychiatric diagnoses
(other than binge eating disorder), regular use of medications that affect weight or appetite, current
involvement in psychotherapy or a weight loss program, or weight loss in last 2 months exceeding
>3% of body weight. A total of 185 participants were screened of whom 117 were eligible for the study.
108 participants completed the necessary measures for the current analysis. Signed informed consent
and assent were obtained from parents and adolescents respectively. This protocol was approved by
the Institutional Review Boards at the Eunice Kennedy Shriver National Institute of Child Health and
Human Development and the Uniformed Services University of the Health Sciences.

2.2. Procedure

Demographic variables (e.g., age and race/ethnicity) were assessed by parent report and
questionnaires and interviews were assessed by adolescent report. BMI, adiposity, and energy intake
were assessed at the National Institutes of Health Clinical Research Center following an overnight fast
initiated the night before at 10 p.m.

BMI and adiposity: BMI was calculated from height and weight. Weight was measured to the
nearest tenth of a kilogram with a calibrated digital scale (Scale-Tronix, Wheaton, IL, USA). Height
was measured in triplicate to the nearest millimeter with a calibrated electronic stadiometer (Holtain
Ltd., Crymych, Wales, UK) and the average of the three heights was used. Fat mass (kg) was measured
by dual energy X-ray absorptiometry (DXA) using a Hologic QDR-4500A or Discovery instrument
(Bedford, MA, USA) as previously described [41].

LOC eating: The presence of LOC eating over the past month was assessed by the overeating
section of the Eating Disorder Examination, Version 14 OD/C.2 (EDE; [42]). The Eating Disorder
Examination is a semi-structured diagnostic clinical interview used to assess disordered attitudes and
behaviors related to eating, body shape, and weight. This instrument has been shown to be reliable
and valid in pediatric samples [43,44].

Family functioning: Family functioning was defined as an adolescent’s perceived level of
adaptability and cohesion within their own family [23]. Perceived familial adaptability and cohesion
were assessed with the Family Adaptability and Cohesion Scale III (FACES III), a 20-item self-report
instrument that measures perceived levels of familial adaptability (e.g., “Parent(s) and children
discuss punishment together”) and cohesion (e.g., “Family members like to spend free time with
each other”). The FACES has been used frequently in the literature to assess family function and is
based on the hypothesis that functional family systems have more balanced levels of adaptability and
cohesion than do dysfunctional family systems. Items were rated on a 5-point Likert scale (i.e., almost
never, once in a while, sometimes, frequently, almost always) and scales were derived by summing
items. The possible subscale score ranges for adaptability and cohesion were 10–50, with higher
scores indicating greater (more positive) adaptability or cohesion. The FACES III has exhibited good
test–retest reliability for both subscales (adaptability Cronbach’s alpha = 0.80 at the 5-week interval;
cohesion Cronbach’s alpha = 0.83 at the 5-week interval) and strong discriminant validity given a low
correlation between adaptability and cohesion (r = 0.03) [23]. Cronbach’s alpha for the current study
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was 0.75 for adaptability and 0.87 for cohesion. Considering that the data for the current study was
collected between 2008 and 2011, the FACES version used is not the most current as of 2011. However,
if adaptability and cohesion are analyzed as continuous variables (as was done in the current study)
and not categorical variables, the FACES III is a valid and interpretable measure [23].

Energy intake: At 11:00 a.m., participants were presented with a 9835 kcal buffet test meal with
individual items representing a wide assortment of foods that varied in macronutrient composition
(12% protein, 51% carbohydrate, and 37% fat across all foods). Adolescents entered the room containing
the buffet and were provided with the tape-recorded instruction stating, “let yourself go and eat as
much as you want.” Participants were then left alone in the room until they indicated that they were
finished eating. Total consumption of each food item was assessed by weighing the food items before
and after presentation to each participant. This paradigm has effectively distinguished adolescents
with LOC eating from those without reported LOC eating [11]. Some of the test meal data collected at
baseline have been published in previous reports [45–48].

Pre-meal hunger: A single item-assessment was used to measure pre-meal hunger. The item
asked, “how hungry do you feel right now?” and individuals responded on a 1 (Not at all) to 100
(Extremely) sliding scale.

Depressive symptoms: A single item-assessment was used to measure pre-meal depressive
symptoms from the Brunel Mood Scale [49]. The item asked participants to select their current level of
depression on a 1 (Not at all) to 5 (Extremely) Likert scale.

Post-meal subjective evaluation of LOC eating: A single item-assessment was used to measure
post-meal subjective evaluation of LOC eating. The item asked, “how much is the eating you just
completed like a meal when you feel ‘loss of control’?” on a 1 (Extremely) to 5 (Not at all) Likert scale.

2.3. Statistical Analyses

Analyses were performed using SPSS version 25. Hierarchical multiple regression analyses were
conducted with perceived adaptability and cohesion as independent variables and macronutrients
(protein, carbohydrates, and fat as a percentage of total energy consumption) and total energy intake
as dependent variables. R squared values indicate the proportion of variance in the dependent variable
that is explained by the model. Height, body fat (%), lean body mass (kg), age, race, depressive
symptoms, pre-meal hunger, and total energy intake (kcal) were considered as covariates in the models
predicting percentage of macronutrients. Age, race, depressive symptoms, and pre-meal hunger did
not contribute to any model and were removed from analyses. Height was highly correlated with
lean body mass (r = 0.77) and was not included in analyses to meet multicollinearity assumptions.
Macronutrient intake percentages were arcsine square root transformed to achieve normality. All other
assumptions for model testing were met. Significance was set at α = 0.05, two-tailed. We also conducted
a series of follow up analyses for participants with overweight or obesity (BMI percentile ≥ 85).

3. Results

Participants were 108 adolescent girls (M ± SD 14.49 ± 1.66 years) who had above-average weight
with a mean BMIz of 1.54 (SD = 0.33). Racial breakdown was as follows: 58.3% White, 25.0% Black, 9.3%
Multiple Races, 2.8% Asian, 0.9% American Indian or Alaskan Native, and 3.7% Other or unknown.
9.3% of the sample identified as Latina or Hispanic. (See Table 1).
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Table 1. Descriptive characteristics of participants.

N = 108

Age, year * 14.5 (1.7)
BMIz * 1.54 (0.33)
Race/Ethnicity, %

White 58.3
Black 25.0
Asian 2.8

American Indian 0.9
Hispanic 9.3

More than one race 9.3
Other/Unknown 3.7
FACES Score *

Adaptability 31.6 (6.2)
Cohesion 26.2 (8.1)

LOC Eating Episodes
Episodes 1 month pre-test meal * 4.69 (6.2)
Proportion of youth reporting at least 4 episodes per month in 3 months pre-test meal 14.8%
Test Meal *
Total kcals consumed 1,177.3 (453.7)
Kcal from protein % 12.9 (3.2)
Kcal from carbohydrates % 50.9 (8.2)
Kcal from fat % 36.2 (7.0)
Pre-meal hunger (Scale 1–100) 62.7 (18.6)
Pre-meal depressive symptoms (Scale 1–5) 0.44 (1.02)
Post-meal subjective evaluation of LOC eating (Scale 1–5) 3.94 (1.1)

* = Mean (SD).

Total and Macronutrient Intake

Total energy intake: The first step of the model (base model) included covariates and the
second step (full model) added the predictors of family adaptability and cohesion. Neither the
base (F(2, 105) = 0.63, p = 0.534) nor full (F(4, 103) = 0.69, p = 0.598) models significantly predicted
total energy intake. The full model accounted for only 2.6% of the variance in total energy intake.
Adaptability (β = −0.04, p = 0.683) and cohesion (β = 0.13, p = 0.222) were not significant contributors
to the full model.

Protein: Covariates (first step) explained 5.4% of the variance in percentage protein consumed but
the base model was not significant overall, F(3, 104) = 1.98, p = 0.12. Adding adaptability and cohesion
to the model improved model fit and accounted for an additional 6% of the variance in percentage
of protein consumed (ΔR2 = 0.06, p = 0.038) and the full model was significant, F(5, 102) = 2.59,
p = 0.030. Percentage of body fat was a significant predictor of percentage of protein consumed
(β = 0.24, p = 0.016) as was family adaptability (β= 0.26, p = 0.015), but not family cohesion (β = −0.18,
p = 0.081) (see Table 2). Specifically, lower percentage of body fat and worse family adaptability were
both significantly related to less percentage of protein consumed.

Carbohydrates: The first step of the model explained 7.2% of the variance in percentage
of carbohydrates consumed and the base model was significant, F(3, 104) = 2.70, p = 0.049.
Adding adaptability and cohesion to the model improved model fit and accounted for an additional
5% of the variance in percentage of carbohydrates consumed (ΔR2 = 0.053, p = 0.049) and the full
model was significant, F(5, 102) = 2.93, p = 0.016. Total energy consumed was a significant predictor of
percentage of carbohydrates consumed (β = −0.24, p = 0.011) as was family adaptability (β = −0.26,
p = 0.015), but not family cohesion (β = 0.12, p = 0.232). Specifically, less total energy consumed and
worse family adaptability were related to higher percentage of carbohydrates consumed, even when
accounting for all other variables in the model.
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Fat: The first step of the model explained 10.8% of the variance in percentage of fat consumed
and the base model was significant, F(3, 104) = 4.20, p = 0.008. Adding adaptability and cohesion to the
model did not significantly improve model fit (ΔR2 = 0.031, p = 0.169). The full model was significant,
F(5, 102) = 3.28, p = 0.009, but adaptability and cohesion were not significant predictors. Significance
was driven by total energy consumed, (β= 0.32, p = 0.001), with more total energy consumed related to
higher percentage of fat consumed (see Table 2).

Follow-up analyses: Follow-up analyses were conducted for girls with a BMI percentile indicating
overweight status (above 85th percentile) and with girls reporting four or more LOC eating episodes
in the past 28 days. Follow-up analyses were conducted to assess whether results in the sub-groups
would differ from the full sample. A total of 101 girls in the study had a BMI percentile above the 85th
percentile and 37 girls reported four or more LOC eating episodes. Neither those with overweight nor
those reporting four or more LOC eating episodes differed from the entire sample for any outcome.

4. Discussion

In this analysis of perceived family functioning and objective energy intake, we found that
adolescent girls with reported LOC eating who perceived their families as being less adaptable
consumed a lower percentage of energy from protein and a higher percentage from carbohydrates.
Perceived level of family cohesion did not significantly relate to test meal intake measures. We found
that familial adaptability was associated with degree of carbohydrate and protein intake, but not
with total energy or degree of fat intake. These results are generally consistent with data comparing
youth with and without LOC eating, such that those with LOC eating consume more energy from
carbohydrate and less from protein [11,50,51]. Given that all participants in our sample reported
LOC eating, and that poorer adaptability was specifically linked to macronutrient intake that may
promote excess weight [52–55], interpersonal functioning linked to less familial flexibility may provide
a more fine-grained understanding of the interpersonal model. Indeed, adolescent girls with LOC
eating [15,56] and adults with binge eating [57] often describe rigidity within families. Supporting this
notion, low levels of familial adaptability have been shown to correspond with high levels of stress [58]
and thus, it is possible that girls consume higher amounts of carbohydrate-rich “comfort” food to
cope with the stress of a relatively inflexible family environment. Likewise, protein consumption
has generally been associated with healthier body weight [59,60] and eating patterns [61–63] and
may thus explain how poorer family adaptability was related to adolescents’ lower protein intake.
Of note, the relationship between family functioning and energy intake accounted for only a small
proportion of variance. This could be due to family functioning being a global construct that may
be persistent whereas energy intake in the laboratory is situational (e.g., may be affected by hunger,
current mood, environment, etc.). As a result, future research including a more naturalistic measure of
eating behavior outside of the laboratory, such as ecological momentary assessment, is warranted.

The lack of an association between family cohesion and intake was unexpected. Previous studies
have found that higher cohesion correlates with healthier food intake [30–32,64]. It is possible that the
nature of our sample and test meal design may explain differences in results. Previous studies were
primarily conducted in children and adolescents who were not selected for disordered eating behaviors.
Moreover, studies based on self-reported intake were focused on eating in general, as opposed to
a meal designed to capture a binge episode. It is possible that we would have found a significant
link with family cohesion had we assessed girls’ intake during a “normal” test meal. Indeed, our
prior research has demonstrated that girls with overweight and reported LOC eating can distinguish
between “binge” and “normal” meals in the laboratory [11]. However, this notion requires testing.
Furthermore, perceived cohesion has been linked to more meals eaten as a family [31] and thus, authors
of prior studies suggest that the cohesion–healthy eating relationship might be interpreted within this
family-eating context, which promotes healthy food consumption [65,66]. Therefore, another possible
explanation for our findings is that given that youth with LOC eating tend to consume fewer regular
meals compared to those without LOC eating [67], cohesion may be less relevant with regard to intake
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among adolescents who report LOC eating behaviors in the context of a meal modeled to capture a
binge episode. Indeed, girls ate alone during the test meal. Further, data based on self-reports tends to
find that binge episodes often take place when others are not present [39,68,69].

Strengths of this investigation include the objective measure of energy intake, use of DXA to
assess body composition, and the diverse sample of participants of various ethnic groups and races.
Limitations of the study include that the FACES is a self-report measure, which may be vulnerable to
subjective bias. Also, the cohort contained only adolescent girls of above-average weight with LOC
eating, potentially limiting the generalizability of the findings. As we did not include control samples
of girls with or without overweight and without LOC eating, future research should address this gap.
Lastly, given the cross-sectional nature of the results, no conclusions on temporality between perceived
family functioning and intake can be made.

In conclusion, we found that adolescent girls with LOC who perceived their families as being
relatively less adaptable consumed significantly more carbohydrates and less protein from a test meal
that modeled a LOC episode. The findings of this study underscore the importance of addressing
family functioning in the clinical setting and potentially including family members in interventions
involving the modification of adolescent girls’ eating behaviors. Future prospective research is required
to elucidate whether familial functioning plays a role in the development of adverse outcomes and
intervention response.
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Abstract: Persons with bulimia nervosa (BN) or binge eating disorder (BED) have an elevated risk of
non-communicable diseases (NCDs). However, lowering this risk is rarely addressed in standard
cognitive-behavioral treatment (CBT). We aimed to compare CBT with an intervention combining
physical exercise and dietary therapy (PED-t), and hypothesized that the PED-t would do better
than CBT in lowering the risk of NCD both initially and longitudinally. In this study, 164 women
with bulimia nervosa or binge eating disorder were randomly assigned to 16-weeks of outpatient
group therapy with either PED-t or CBT. Body composition (BC) was measured by dual-energy
X-ray absorptiometry. Measures of physical fitness (VO2peak and one repetition maximum (1RM)
in squats, bench press, and seated row) were also recorded. All measurements were completed
baseline, post-treatment, and at 6- and 12-month follow-ups, respectively. Our results showed that
PED-t improved more than CBT on mean (99% CI) absolute Vo2peak; 57,2 (84.4, 198.8) mL (g = 0.22,
p < 0.001) post-treatment. There were small to medium long-term differences in 1RM after PED-t
compared to CBT. BC deteriorated in both groups during follow-up. Neither the PED-t nor the CBT
lowered the risk for NCDs. Clearly, other approaches need to be considered to promote physical
fitness and lower the risk of NCDs among individuals with BN and BED.

Keywords: physical fitness; visceral adipose tissue; obesity; eating disorders; nutrition; physical
activity; exercise; bulimia; binge eating disorder

1. Introduction

Poor physical fitness is a major public health challenge, and it has been found to be prevalent
among those suffering from bulimia nervosa (BN) or binge eating disorders (BED) [1,2]. Poor physical
fitness may in return increase the risk of non-communicable diseases (NCDs) such as type 2 diabetes,
obesity, and cardiovascular symptoms [3]: risk profiles previously identified in BN and BED [4–9].

It is well documented that lifestyle interventions focusing on diet and physical activity may
reduce the risk of obesity and many NCDs [10]. However, in the treatment of BN, and notably, anorexia
nervosa, there is a reluctance to focus on physical activity because of fear of triggering or exacerbating
dieting, compulsive exercise, and other eating disorder symptoms (ED-symptoms) [11,12]. Further,
with respect to BN, and BED in particular, a need to focus on physical activity due to a risk of obesity
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is hampered by the fact that many treatment guidelines recommend postponing such a focus until
eating disorder symptoms have been successfully treated [12,13]. Another problem regarding the
limited attention to somatic comorbidity during treatment of BN and BED is the poor specificity of
body mass index (BMI) categories and the waist-circumference ratio to detect overweight problems.
Thus, “masked obesity” in terms of a morbid body composition may occur in cases of a high body
fat percentage [2,14] and a high level of visceral adipose tissue despite normal BMI [2]. For these
reasons, physical fitness is understudied and poorly addressed in the treatment of BN and BED. As a
consequence, many treatment guidelines related to physical health are somewhat skewed towards the
management and treatment of severe anorexia nervosa [12].

Cognitive-behavioral therapy (CBT) is recognized as a gold standard treatment for eating
disorders due to its capacity to reduce concern for body weight and shape, to improve self-esteem,
self-efficacy, and self-compassion, and to affect regulation [15,16]. Such cognitive-affective changes
lead to behavioral changes like reduced bingeing and increased health-related physical activity [17,18].
However, in a previous clinical study on eating disorders, we showed that a CBT-based treatment
approach, in fact, did not produce changes in physical fitness and body composition [19]. A possible
explanation of such findings is that CBT for eating disorders lacks a specific focus on weight loss
and physical fitness and how to improve it [20]. On the other hand, several studies as well as a
systematic review have reported that including physical activity in treatment may reduce BN and
BED symptoms [21–28]. However, these studies have not reported data on changes in physical fitness,
body composition, and other variables related to NCDs. In sum then, with a lack of focus on addressing
physical fitness in the CBT manuals, one may hypothesize that a CBT treatment for BN and BED may
not lower the risk of NCDs. Consequently, it is reasonable to hypothesize that a treatment of BN and
BED that has an explicit focus on physical activity and that has been found to reduce compulsive
exercise [27] and to match CBT in overall treatment efficiency [28] may be more effective than a CBT
treatment in terms of lowering the risk of NCDs.

In addition to investigating the effect of a new treatment program for BN and BED on
ED-symptoms, i.e., bingeing/purging, and an overvaluation on the need to control food intake,
body weight and shape (previously reported) [27,28], we also wanted to investigate the acute
and long-term effects of physical exercise and dietary therapy (PED-t) or CBT on physical fitness,
body composition (BC), and risk of NCDs. We hypothesized that PED-t improves physical fitness and
BC more than CBT, hence resulting in a more favorable risk profile for NCDs.

2. Materials and Methods

2.1. Subjects

We recruited females with BN or a BED to a 16-week outpatient group treatment, arranged at
the Norwegian School of Sport Sciences (NSSS) during 2014–2016 [28]. The recruitment was directed
through general practitioners, national and regional media, and social media.

All interested were interviewed by telephone using the Eating Disorder Examination
questionnaire (EDE-q) [29] and the mini international neuropsychiatric interview (MINI) [30].
To optimize group heterogeneity, only women aged 18–40 years with BN or a BED were eligible.
Participation in the study was restricted to women who were not currently pregnant and who had a
BMI to 17.5–35 in order to reduce the risk of injuries and other complications if being randomized to
the PED-t, as women who do not meet these criteria may not be able to follow a standardized exercise
and dietary treatment protocol or to follow group exercise with minor room for individual adjustments.
The study also excluded competitive athletes, those with comorbid mental disorders in need of other
treatments, or those living distances to the study site that prevented regular attendance.

As previously reported [31], power analysis indicted a need for a minimum of 144 (72 per group)
participants. We randomized 164 of those 419 who initially responded to recruitment to either PED-t
(n = 76) or CBT (n = 73) (Figure 1). A randomization list with block size of eight was produced
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by www.randomizer.org by a statistician not connected to the study, and a fellow worker with no
involvement in the trial randomized participants to either CBT or PED-t. All participants were
informed about the outcome of the randomization after they had completed all baseline measures.

Figure 1. Recruitment, retention, and attrition during test periods. Overview of recruitment,
screening, randomization, and attendance to the baseline (T1), post-treatment (T2), and follow-up
measures (T3–T4). PED-t: physical exercise and dietary therapy; CBT: cognitive behavior therapy; BN:
bulimia nervosa; BED: binge-eating disorder; EDE-q: eating disorder examination questionnaire; LFU:
lost to follow up; 1 Fairburn and Beglin, 2008 [29]; 2 Sheehan, Lecrubier, Sheehan, et al., 1998 [30].

2.2. Treatments

The 16-week CBT and PED-t group-based therapies consisted of 20 sessions, each of 90 min
duration, with five to eight participants in each group. A detailed account of the therapies and design
are described elsewhere [31].

The manual-based CBT rests on a transdiagnostic model positing generic characteristics across
ED-diagnoses [32]. Psychologists certified in CBT, with at least 10 years of experience, were conducting
this therapy. The therapists were supervised by one senior therapist (PhD, psychologist and scientist)
with more than 20 years of experience in CBT.

The PED-t consisted of a combination of dietary therapy and progressive resistance training (RET)
and high intensity interval running (HIIT) [31]. The dietary manual focused on education on nutrition,
group discussions, and practical skills in overcoming challenges in establishing regular daily eating
patterns. We designed the whole-body, progressive resistance exercise program with two sessions
per week arranged in three modules across the 16 weeks following basic principles for increases in
maximal muscle strength (Table 1) [33]. The HIIT was designed with session intensity according
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to a pyramid structure, with progressive exercise load throughout the 16 weeks, following general
recommendation for cardio respiratory fitness (CRF) improvement [34].

Table 1. Overview of the exercise module of the PED-t treatment. Resistance load is given as number
of repetition maximum (RM).

Supervised Exercise Unsupervised Exercise

Week Micro Cycle Resistance Exercise Interval Running Resistance Exercise

1–3 1 10RM Pyramid interval
(1–3 min intervals) 10RM

4–7 2 8RM Pyramid interval
(1–3 min intervals) 10RM

8–11 3 6RM Pyramid interval
(1–3 min intervals) 10RM

12–14 4 4RM Pyramid interval
(1–4 min intervals) 10RM

15–16 5 2RM Pyramid interval
(1–4 min intervals) 10RM

Specialists in physical exercise and in dietetics (MSc), all of whom were instructed by one
experienced therapist (dietitian and exercise physiologist), were responsible for this therapy.

Participants were requested to complete training diaries throughout the treatment period in order
to analyze adherence rate to training intervention.

2.3. Outcomes and Procedures

We measured body composition, physical activity, cardiorespiratory fitness (CRF), and maximal
muscle strength during baseline and all follow-up test periods. Before all measure points, participants
had to fast and to use passive transportation to the laboratories at the NSSS from 7:30 to 10:00 AM.

2.3.1. Body Composition

Participants were weighed in their underwear, and their height was measured with a fixed
stadiometer (Seca scale, Mod: 8777021094, S/N: 5877248124885, Seca Deutschland, Hamburg,
Germany). A dual-energy X-ray absorptiometry (Lunar iDXA, enCORE Software, version 14.10.022;
GE Healthcare, Madison, WI, USA) performing a three-site scan was used to measure body composition
(fat mass, percent body fat (%BF), lean body mass, visceral adipose tissue (VAT), android-to-gynoid
fat mass ratio (AG ratio), and bone mineral density (lumbar area (L2–L4); femoral neck, trochanter,
and shaft (proximal femur); whole body). All data were analyzed according to previously established
guidelines [35].

We evaluated visceral adipose tissue (VAT) according to a cut-off for healthy VAT level of ≤300 g,
based on previous findings of increased risk for high levels of triglycerides and fasting insulin levels
with VAT above this threshold [36]. An optimal level of body fat percentage was defined as <33% [2,37],
and masked obesity was defined as having a normal body weight according to the BMI scale (i.e., <25)
but with high levels of body fat percentage (i.e., ≥33%) [2].

2.3.2. Cardio Respiratory Fitness (CRF)

After a breakfast meal, CRF was measured by performing a cardiopulmonary exercise test on a
treadmill (ELG 90/200 Sports; Woodway, Weil am Rhein, Germany) with an incremental modified
Balke protocol until exhaustion [38]. Gas exchange was measured using a breath-by-breath gas analysis
system (OxyconPro analyzer; Jaeger, Würtzburg, Germany) with a Hans Rudolph two-way breathing
mask (2700 series; Hans Rudolph, Kansas City, KS, USA). Measures of respiratory exchange ratio (RER)
≥ 1.10, and lactate concentration ≥ 7.0 mmol/L measured 1 min after test termination and analyzed
immediately in a 1500-Sport-lactate analyzer (YSI, Yellow Springs Instruments, Yellow Springs, OH),
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were required to ensure a valid measure of peak oxygen uptake (VO2 peak) [39]. A Borg scale rating
≥17 was additionally required to approve the test result [40,41].

We evaluated CRF as low according to the suggestion from a previous publication that found an
increased risk of having a cluster of risk factors for cardiovascular diseases if VO2peak ≤ 35.1 mL×kg
BW×min [42].

2.3.3. Maximal Muscle Strength

Maximal strength tests (one repetition maximum, 1RM) followed the cardiopulmonary exercise
test in the following order: squats in Smith machine, bench press, and seated cable row. These three
tests were performed according to predefined performance criteria and initiated with standardized
warm-up sets of 10, 8, 6, and 4 repetitions.

2.3.4. NCD Risk Profile

We categorized participants into high-risk groups for NCD if they matched at least two out of
three categories for high-risk evaluation: (1) having (either/or) high BMI, high body fat percentage,
or masked obesity; (2) having high VAT levels; and/or (3) having low VO2peak.

2.4. Ethics

Active informed consent was required, and participants needed a conformation from their general
practitioner that entering the study was medically safe. The study was approved by the Norwegian
Regional Committee for Medical and Health Research Ethics (ID: 2013/1871) and registered in Clinical
Trials (ID: NCT02079935).

2.5. Statistics

All analyses were conducted in SPSS version 24 (IBM, Armonk, NY, USA). Linear mixed regression
models were built to estimate the between-group differences (PED-t vs. CBT) and the within-group
changes (baseline vs. any of the three post-test measures). This analysis yields relatively unbiased
estimates despite drop out (i.e., in the event that data are missing completely at random or missing at
random). Moreover, it can be safely used without conducting multiple imputations beforehand [43].
Standard errors were estimated with the restricted maximum likelihood function, and type III F-tests
were preferred. Dependency in the repeated outcome measures was accounted for by including a
random intercept factor. The fixed factors were: Group (0-PED-t, 1-CBT), representing the overall
treatment difference; Time (repeated measures), representing change across measurements; and the
Group×Time interaction, which was used in order to detect treatment differences at certain time points
only. The between-group analyses used the baseline values as a covariate to increase the statistical
power [44]. Differences between the treatment arms were examined with planned comparisons at each
time point (least square difference tests). The within-group analyses included all four measurements
in the Time factor. Due to the number of tests, differences with p-values < 0.01 were considered to
be significant. A comparable statistical approach was used for the dichotomous outcome variables,
replacing the analysis with a generalized linear model using a binominal distribution and logit link
function (reference coded 0). Degrees of freedom were computed using Satterthwaite approximation.
The outcome data are presented as estimated means including 99% confidence intervals.

Standardized Hedge’s g effect sizes for continuous data were calculated as a ratio of the
estimated means (extracted from the mixed model) to the observed pooled standard deviations
(SDs). Values around 0.2, 0.5, and 0.8 were interpreted as weak, medium, and strong effect sizes,
respectively [45].

Attrition rates were analyzed separately for each time (T2–T4) with independent t-test or
chi-square analyses, as appropriate. A significance level of p < 0.05 were used for all t-tests or
Mann-Whitney tests.
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3. Results

3.1. Attrition Analysis

Drop-outs were less physically active (lower number of counts per minute in
moderate-to-vigorous intensity of physical activity, MVPA, (p = 0.02)) and significantly more
drop-outs had low femur bone mineral density (BMD) values (p = 0.02). Significantly more
CBT-participants were lost to follow-up both at T3 (PED-t = 19 (24.4%), CBT = 37 (47.4%), p = 0.005)
and T4 (PED-t = 20 (25.6%), CBT = 39 (50.0%), p = 0.006).

3.2. Demographics

Demographic information is presented in Table 2. The two treatment groups did not differ in
any of the demographic variables. The mean (SD) attendance rate to therapist-lead PED-t sessions
was 80.6% (11.4) and 82.1% (45.7) (p = 0.79) in CBT. In PED-t, the adherence rate to exercise sessions
(supervised in therapy + unsupervised used for homework) was 69.8% for resistance exercise and
56.7% for HIIT.

Table 2. Demographic description of participants in therapy groups. Results are mean (SD).

PED-t CBT

Age, years 28.3 (6.2) 27.8 (5.3)
BMI, kg × height−1 25.3 (5.1) 25.4 (4.6)
EDE-q, total score 3.7 (0.9) 3.7 (1.0)
Duration of illness, years 12.9 (7.5) 11.9 (6.7)
Bulimia nervosa, n (%) 51 (65.4) 50 (66.7)
Binge eating disorder, n (%) 27 (34.6) 25 (33.3)

Note: PED-t: Physical Exercise and Dietary therapy; CBT: Cognitive Behavior Therapy; BMI: Body Mass Index;
EDE-q: Eating Disorder Examination questionnaire.

3.3. Body Composition

Changes in body composition are presented in Figures 2 and 3.
Mean BMI (99% CI) in PED-t increased to 25.64 (24.1, 27.1) at T2, 26.0 (24.5, 27.5) at T3, and 26.0

(24.5, 27.6) at T4. Only T3 (g = −0.39, p = 0.001) and T4 (g = −0.4, p = 0.002) were statistical different
from baseline. There were corresponding findings in CBT, with levels of 25.2 (23.7, 26.8), 25.8 (24.3,
27.4), and 26.2 (24.6, 27.8), respectively, with only T4 different from baseline (g = −0.36, p = 0.004).

The within-group change in total body fat was significant at T3 (g = −0.38, p = 0.003) and T4
(g = −0.31, p = 0.003) in PED-t, and in CBT (g = −0.34, p = 0.006, and g = −0.36, p = 0.002, respectively).
The numbers with masked obesity were 6.5% (99% CI: 2.0, 1.9) in PED-t and 5.3% (99% CI: 1.4, 1.8) in
CBT, with no change by time in either group.

The within-group change in lean body mass (LBM) was significant at T2 (g = −0.98, p < 0.001)
and T4 (g = −0.47, p = 0.01) in PED-t, while no change was found in CBT.

The within-group change in total VAT was significant at T4 in PED-t (g = −0.29, p = 0.004), with no
significant change in CBT at any time. The numbers with VAT above recommended levels at T1 were
35.1% (99% CI: 22.4, 50.3) in PED-t and 36.0% (99% CI: 23.0, 51.5) in CBT, with no change by time in
either group.

There were no between-group differences at any time in soft tissue body composition.
PED-t improved mean spine BMD at T3 (g = −0.45, p = 0.004) and T4 (g = −0.31, p = 0.01),

and mean proximal femur BMD at T4 (g = −0.37, p = 0.01) (Figure 3). There were no changes in mean
spine or proximal femur BMD after CBT. The occurrence of low proximal femur BMD at baseline was
1.3% (99% CI: 0.0, 55.7) in PED-t and 1.3% (99% CI: 0.2, 9.0) in CBT, with no change by time (T2–T4) in
either group. There were corresponding findings for low spine BMD, with 5.2% (99% CI: 1.5, 16.8) in
PED-t and 6.7% (99% CI: 2.2, 18.8) in CBT at T1, respectively.
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No differences between groups were found at any time, other than a better score in proximal
femur BMD (g = 0.19, p = 0.01) and proximal femur BMD Z-score (g = 0.19, p = 0.007) in PED-t compared
to CBT at T4.

Figure 2. Changes in soft tissue body composition after PED-t or CBT. Results are estimated means
(99% CI). (a) Changes in total body fat (kg); (b) changes in lean body mass (kg); (c) changes in visceral
adipose tissue (gram). PED-t: Physical Exercise and Dietary therapy; CBT: Cognitive Behavior Therapy;
99% CI: 99% confidence interval; T1: baseline; T2: post-treatment; T3: 6 months post-treatment; T4:
12 months post-treatment; α: significant within-group change from T1 in PED-t (p < 0.01); β: significant
within-group change from T1 in CBT (p < 0.01).
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Figure 3. Changes in proximal femur bone mineral density (BMD), proximal femur BMD Z-score,
and spine BMD after PED-t or CBT. Results are estimated means (99% CI). (a) Changes in proximal
femur BMD (gram/cm2); (b) changes in proximal femur BMD Z-score; (c) changes in spine BMD
(gram/cm2). PED-t: Physical Exercise and Dietary therapy; CBT: Cognitive Behavior Therapy; 99% CI:
99% confidence interval; BMD: bone mineral density; T1: baseline; T2: post-treatment; T3: 6 months
post-treatment; T4: 12 months post-treatment; α: significant within-group change from T1 in PED-t
(p < 0.01); ε: significant between-group difference (p < 0.01).
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3.4. Physical Fitness

Effects from the two therapies on physical fitness are presented in Table 3.

3.4.1. 1RM

PED-t improved 1RM in squat, bench press, and seated row at all time points,
with medium-to-large effect sizes. CBT improved in 1RM squat at all time points with small effect
sizes, but resulted in no other observed 1RM improvements.

There were small-to-medium between-group differences for all strength tests at all time points,
except no difference for 1RM squat at T3.

3.4.2. CRF

There was a small but significant within-group increase in CRF (in absolute terms; L × min)) after
PED-t, but with no further effect from the PED-t during follow-up (T3–T4) (Table 3). No change in
CRF after CBT occurred, and there were no between-group differences at any time.
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3.5. Risk of NCDs

In the evaluation of NCD risk, two participants impaired their risk profile during the treatment
period in PED-t, while five participants improved. In total, 33 participants in PED-t remained without
any high-risk NCD profile during treatment, while 19 participants remained in the high-risk group.
The corresponding findings in CBT were one impairment, three improvements, 28 without any risk
profile during treatment, and 17 remaining in the high-risk group.

4. Discussion

The aim of this study was to examine the immediate and long-term effects of CBT versus a physical
exercise and dietary therapy (PED-t) on physical fitness, body composition, and the risk of NCDs.
We found improvements in BMD, long-term increased maximal muscle strength, and short-term
increased peak oxygen uptake after a treatment period with PED-t, while CBT did not result in
comparable results. The overall study findings could not support the hypothesis that the PED-t
provided sufficient improvements in physical fitness that actually lowered the risk of NCDs.

No improvement after CBT was expected. Here, healthy living was addressed, but the treatment
did not consist of practical elements to help participants to improve nutrition and establish or maintain
physical activity. It was unexpected, however, to observe no changes in soft BC and risk of NCDs
after the PED-t; these results require some further considerations. First, it needs to be emphasized
that the main aim of the PED-t was not to lower the risk of NCD, but to reduce eating disorder
symptoms like irregular eating patterns and concerns about body and weight. Thus, learning how
to achieve healthy living (i.e., adequate physical activity and a healthy diet composition) may be
considered as positive side effects. To some extent, such side effects have been achieved through a
shift of focus from overvaluation of the need to control body figure and weight towards attaining
health and fitness [28]. In retrospect, however, given the low baseline values on parameters indicating
an elevated risk of NCDs, it may have been overly optimistic to expect a change in physical activity
and nutrition that really would lower this risk. Hence, findings that the PED-t may bring about a
relaxation of dietary restrictions and compulsive physical exercise [27,28] may have counteracted any
potential effect from PED-t on weight reduction and risk of NCDs. Secondly, the negative findings
may, to some extent, also be explained by suboptimal treatment compliance. Thus, the participants in
the PED-t, following an exercise program designed to affect BC (resistance exercise), as well as CRF
and VAT (HIIT), reported unsatisfactory compliance to the program (i.e., ~70% of the RET and ~57% of
the HIIT).

The deterioration of soft tissue BC, with increases in VAT, body fat, and BMI above
recommendations [2,36,46] at the follow-ups, raises concern for the health of females under and
after any kind of treatment for BN and BED, and the PED-t approach included herein. Such a concern
highlights that the need to improve physical fitness and BC should be focused upon in the treatment
of BN and BED. In a previous PED-t publication we showed that such a focus does not initiate or
maintain excessive and obsessive physical exercise frequently observed in BN and BED [27]. Hence,
there is empirical evidence refuting a main clinical reluctance to incorporate guided physical activity
in the treatment of eating disorders.

An important limitation to our findings and conclusions is the skewed and high attrition
rate during follow-up, with more participants being lost to follow-up in CBT compared to PED-t.
The strengths of the study are the randomized design, the follow-up period, and the inclusion of
participants from a real-life setting. As our findings show, maintaining lifestyle changes necessary for
improvement of health is difficult in such real-life settings for persons suffering from BN or BED.

An important implication from the present study is that implementing guided physical exercise
and dietary therapy is not sufficient to improve physical health in these patient groups. A recent
systematic review of population-based studies on overweight has reported small but significant
effects of combining CBT with a motivating interview (MI) [47]. Within the theoretical realm of
self-determination theory, MI serves the purpose of internalizing treatment goals, while CBT may be
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effective in combating dysfunctional cognitions [48]. Such cognitions may comprise beliefs about not
being able to reach treatment goals (i.e., low self-efficacy) as well as undue concerns about body, weight,
and shape and the need to control eating as well as ambivalence towards change. The behavioral
components of CBT serve the overall purpose of promoting self-regulation, a purpose that has been
reported as being useful in the treatment of obesity [49]. However, future studies should examine if a
combination of cognitive and behavioral approaches to lifestyle change improves long-term adherence
to health-related exercise and eating behavior, and thus reduces risk of NCDs in persons with BN or
BED to a greater extent than single-component interventions. A task for future randomized controlled
studies may then be to explore the efficacy of various combinations of MI, CBT, and PED-t in the
treatment of eating disorders as well as other disorders where poor physical fitness and a risk of NCDs
is an issue of concern.
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Abstract: Impairment in cognitive flexibility is a trait characteristic among individuals with diagnosed
eating disorders. However, the extent to which these relationships exist in individuals with overweight
or obesity remains unclear. Furthermore, there is a lack of knowledge characterizing the neural
underpinnings of these relationships. The current study aimed to investigate disordered eating
attitudes and cognitive flexibility among adults with overweight and obesity. The Eating Attitudes
Test (EAT-26) and a task-switching paradigm were collected from 132 adults (50 males, Body Mass
Index (BMI) = 32.0 ± 5.8 kg/m2). Behavioral measures (accuracy and reaction time (RT)) and
neuroelectric indices (amplitude and latency) of the P3 component were assessed. Hierarchical linear
regressions, following adjustment of age, sex, intelligence quotient (IQ), weight status, and diet quality
were developed using summative and subscale scores of the EAT-26. Higher EAT-26 summative
scores, and the Dieting subscale, were related to longer RT. Only the Bulimia and Food Preoccupation
subscale was related to longer P3 latency. The relationship between disordered eating attitudes and
cognitive flexibility extends to individuals with overweight and obesity and is independent of age,
sex, IQ, weight status, and diet quality. These findings are important, as differences in cognitive
flexibility can lead to behavioral rigidity. Future work should aim to examine other neuroelectric
components to identify where differences driving behavioral latencies may be occurring.

Keywords: feeding behavior; cognition; obesity; event-related potential; P3

1. Introduction

Despite many large-scale public health efforts targeted towards reducing excess energy intake and
improving diet quality, many Americans fail to meet federally recommended dietary guidelines [1].
While there are many gaps in current knowledge concerning how to overcome the barriers to improving
diet quality, there is limited research on the relationship between the mental or cognitive processes
surrounding dietary regulation. Understanding these relationships is increasingly important, as our
environment is inundated by aggressively advertised and hedonically rewarding high-fat/high-sugar
foods, thus requiring constant control of the drive to consume foods beyond hunger and metabolic
needs [2].

Exploration of cognitive flexibility, one of many interrelated, yet dissociable, components of
cognitive control, may hold particular promise to understanding modulation of eating attitudes
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and behaviors. Cognitive control allows for the initiation, planning, regulation, and achievement of
goal-oriented behavior [3]. Cognitive flexibility, as a component of cognitive control, can be thought of
as the ability to appropriately adjust one’s behavior according to a changing environment [4]. In our
increasingly obesogenic environment, one where we are constantly barraged by images and marketing
strategies aimed at overconsumption, cognitive flexibility becomes increasingly pertinent [5]. For some
individuals, particularly those with obesity or disordered eating attitudes, adequately employing
cognitive flexibility can be challenging in obesogenic settings that may require choosing less appealing
food options in the name of health, in the face of more immediately rewarding options [6,7].

Although much work has been dedicated towards behavior change promotion, many individuals
perpetually struggle to maintain healthful eating behaviors. Cognitive inflexibility potentially contributes
to this lack of success. Previous work has indicated that impairment in cognitive flexibility is a
trait characteristic among patients with diagnosed eating disorders [8–10]. This research is becoming
increasingly relevant as 30 million adults in the United States report suffering from clinically significant
disordered eating attitudes at some point in their lives [11]. Infrequently studied is the relationship
between disordered eating attitudes and cognitive control among individuals who suffer from sub-clinical
disordered eating thought patterns. Indeed, in a lifetime prevalence study of eating disorders, both males
and females were more likely to suffer from a “subthreshold binge eating disorder” than either anorexia
nervosa or bulimia nervosa [11]. While these subthreshold disordered eating attitudes have been briefly
studied, the literature is sparse and particularly lacking in individuals with overweight and obesity [12].
It is possible, and probable, that individuals with these subthreshold disorders will similarly have difficulty
adequately regulating their eating behaviors, potentially due to poor cognitive flexibility.

Cognitive flexibility is commonly assessed using behavioral measures (i.e., accuracy and reaction time
(RT)) in task-switching paradigms, but previous literature relating these behavioral measures to disordered
eating attitudes lacks proposed mechanisms of action. The use of the electroencephalography and the
event-related potential (ERP) technique allows for examination of stimuli response with millisecond
precision, allowing for examination of not only the behavioral responses but also the neural underpinnings
of said responses. Specifically, the P300 (P3, P3b), a positive-going component occurring roughly
300–700 milliseconds (ms) post-stimulus onset, signifies the resources required for stimulus context
updating and resource allocation [13]. In a task-switching paradigm, the P3 is largely thought to
reflect how well one can activate currently relevant stimulus-response rules and deactivate previously
relevant rules [14]. The P3 amplitude refers to the magnitude to which attentional resources are
reconfigured to adapt to the change in stimulus-response rules, while the latency references the speed
of this information processing [15]. Captured in these measures is an attentional (changes in stimuli
that then require rule-set adaptation) as well as an intentional (changes in the rule-set then requiring
selection of motor responses) switch [16]. Examining the P3 component in relation to disordered eating
attitudes in a task-switching paradigm may provide novel insights into the potential neural mechanism
by which disordered eating attitudes may contribute to poorer cognitive flexibility, or vise-versa.

An additionally important factor to consider when studying the relationship between eating
attitudes and cognitive control is weight status. Individuals with overweight or obesity have been
previously shown to exhibit poorer performance on cognitive control tasks [17,18]. Given the frequency
of co-morbidity between disordered eating attitudes and obesity, poor dietary choices may be a
consequence of cognitive flexibility decrements among individuals with overweight and obesity and
disordered eating attitudes. This is additionally problematic given the emergence of recent evidence
that individuals with a BMI ≥ 25 kg/m2 may have greater than two-fold risk for disordered eating [19].
Disordered eating attitudes and behaviors have also been shown to be prevalent across both sexes [11].
However, there is a paucity of data linking disordered eating attitudes to specific aspects of cognitive
control, particularly among adults with overweight and obesity. Accordingly, the aim of this study was
to elucidate the relationship between eating attitudes and cognitive flexibility in a non-clinical group
of men and women with overweight and obesity. We hypothesized that we would observe evidence of
disordered eating attitudes in our non-clinical sample. We also hypothesized that higher disordered
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eating attitudes would be related to lower accuracy and longer RT in a task-switching paradigm.
We further aimed to explain these increased RT’s through the examination of the P3 component.
We hypothesized that for this component, increased disordered eating attitudes would be related to
lower amplitudes and longer latencies.

2. Materials and Methods

2.1. Participants and Procedures

Participant characteristics are described in Table 1. Data were collected from 132 adults (50 male), with
BMIs ranging from 25.0 to 57.7 kg/m2. As an ethnic breakdown of our sample, 1.5% of participants
identified as American Indian or Alaskan, 10% identified as of Asian descent, 70% identified as
white or Caucasian, 5% identified as Black or African American, and 4% identified as mixed or other.
In terms of Social-economic status, 16% of our sample reported an annual household income between
0–$30,000, 56% reported between $30,000–$90,000, and 20% reported greater than $90,000. To qualify
for the study, participants had to have a BMI ≥ 25.0 kg/m2, be between 25–45 years of age, be
free of diagnosed neurological disorders, and free of clinician-diagnosed depression and anxiety
disorders. Participants were recruited using flyers posted in community settings, e-mails sent to
University employees, as well as word-of-mouth recruitment. To ensure recruitment reached a
wide variety of participants, recruitment focused on pursuing individuals outside of the University
setting through bus advertisements, postcard mailing in rural neighborhoods, and school flyers in
surrounding neighborhoods. Participants were compensated with gift cards upon completion of
all study procedures. During the first laboratory visit, participants provided demographic data,
completed the EAT-26, as well as height and weight measurements for BMI assessment. The Kaufman
Brief Intelligence Test was administered to assess IQ [20]. Participants also completed the National
Cancer Institute’s Diet History Questionnaire II to assess overall diet quality [21]. During the second
laboratory visit, cognitive testing was conducted following a 10-hour fast in the morning hours to
reduce the potentially confounding effects of acute meal consumption on cognitive performance [22].
All participants provided verbal and written consent in accordance with the University of Illinois’
Institutional Review Board and the Declaration of Helsinki.

Table 1. Demographic characteristics, weight status, and EAT-26 variables 1.

Variable Group Female Male

N 132 82 50
Age, years 33.88 ± 6.00 34.28 ± 5.98 33.22 ± 6.06

IQ 108.48 ± 12.22 107.18 ± 11.67 110.60 ± 12.91
BMI, kg/m 2 32.03 ± 5.81 * 33.18 ± 5.39 30.14 ± 6.05
HEI-2015 3 54.33 ± 13.71 53.49 ± 13.56 55.72 ± 13.96

EAT-26 Summative Score 6.73 ± 5.82 * 7.72 ± 7.26 5.12 ± 4.55
Dieting Subscale 4.69 ± 4.38 5.22 ± 4.94 3.82 ± 3.10

Bulimia and Food Preoccupation Subscale 1.45 ± 2.75 1.56 ± 3.20 1.56 ± 3.20
Oral Control Subscale 1.26 ± 1.65 1.37 ± 1.76 1.08 ± 1.44

1 Values are means ± standard deviation unless otherwise stated; 2 Determined by the Center for Disease Control
Body Mass Index (BMI) classifications; 3 Calculated using National Cancer Institute Healthy Index (HEI) 2015
Assessment; * Independent t-tests revealed significant differences between sex (p < 0.05).

2.2. Intelligence Quotient

KBIT-2 is a test of general intellectual abilities that has been nationally normed for ages
4–90 years [23]. The test is comprised of three subtests: Verbal Knowledge, Riddles, and Matrices.
A composite score of the three subtests is then used as a measure of general intellectual abilities.
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2.3. Habitual Diet Quality

The Healthy Eating Index-2015 (HEI-2015) was calculated using the Dietary History Questionnaire
II with portion sizes to assess diet quality. Data were analyzed using National Cancer Institute’s
Diet*Calc (Diet*Calc Analysis Program, Version 1.5.0., National Cancer Institute, Epidemiology and
Genomics Research Program, Bethesda, MD, USA) software and HEI-2015 scores were generated using
HEI-2015 macros in Statistical Analysis System (SAS version 9.4; SAS Institute, Inc., Cary, NC, USA.).
HEI scores range from 0–100, based on compliance to 2015–2020 Dietary Guidelines for Americans
recommendations. The Healthy Eating Index contains 13 components, including nine adequacy
(minimum standard) and four moderation (maximum allowed) components. The component scores
were summed to calculate the total HEI score, which was used for analysis. HEI-2015 was calculated
to account for the possibility that disordered eating attitudes may influence overall diet quality, which
in turn may affect cognitive control processes [24,25].

2.4. Anthropometric Measures

Height and weight measurements were completed to calculate BMI (weight (kg)/height (m2)).
Height and weight were assessed using a stadiometer (model 240; SECA, Hamburg, Germany) and a
digital scale (WB-300 Plus; Tanita, Tokyo, Japan). Participant height and weight were assessed while
wearing light clothing and no shoes.

2.5. Eating Attitudes Test-26

Disordered eating attitudes were assessed using the self-report 26 question EAT-26 [26].
The EAT-26 has been validated for use in both populations with and without diagnosed eating
disorders [27]. The composite EAT-26 score is a continuous variable summative of three subscales: A
Dieting subscale, a Bulimia and Food Preoccupation subscale, and an Oral Control subscale. The three
subscales tap into different aspects of disordered eating attitudes. The Dieting subscale assesses
behaviors related to over concern with weight and calorie content of foods, the Bulimia and Food
Preoccupation subscale assesses preoccupations with food and bulimic tendencies, and the Oral
Control subscale assesses aspects of self-control [27]. A score on the summative score, as well as the
subscales scores, indicates a larger degree of disordered eating attitudes.

2.6. Switch Task

Cognitive Flexibility was assessed using a Switch task [14,16]. The Switch task is comprised
of three blocks, two homogenous and one heterogeneous. To emulate a real-world scenario where
individuals may be forced to switch between rule-sets, the purpose of the homogeneous block is to
learn an association, or rule, on certain stimuli (Figure 1). The first homogeneous block is entitled
“Less than/greater than” and participants viewed a series of numbers between 1 and 10 inside of a
solid box. Participants responded with a right button press if the number was less than 5, and a left
button press if the number was greater than 5, thus associating a solid box with the less than/greater
than rule-set. The second homogenous block is entitled “Odd/even” and participants viewed a series
of numbers between 1 and 10 inside of a dashed box. Participants responded with a right button press
if the number was even, and a left button press if the number was odd, thus associating a dashed box
with the odd/even rule-set. A test block of 90 trials with jittered inter-stimulus interval (ISI) of either
1600, 1800, or 2000 ms was administered for both homogeneous blocks. In the heterogeneous condition,
participants are shown numbers in both solid and dashed boxes. After a practice block of 50 trials,
200 trials of randomized less than/greater than and odd/even stimuli (i.e., randomized homogeneous
blocks) were presented and participants were required to switch back and forth between the previously
learned mental rule-sets. A Switch trial in the heterogeneous block is defined as a trial in which the
previous stimuli belonged to a different mental set than the one presented, or a number was presented
inside of a dashed box and followed by a number in a solid box. A NonSwitch trial is defined as a trial
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in which the previous stimuli belonged to the same mental set as the stimuli presented, or a number
was presented inside of a dashed box and followed by another number inside a dashed box. Measures
of accuracy and RT for homogeneous and heterogeneous blocks, and for both Switch and NonSwitch
trials of the heterogeneous block, were assessed. Global Switch Cost for accuracy was calculated as
overall accuracy of the homogenous trials—overall accuracy of the heterogeneous trials, and for RT as
overall RT of the heterogeneous trials—overall RT of the homogenous trials.

Figure 1. Task stimuli and parameters for the Switch task. Participants completed three task blocks,
two homogeneous (within rule-set and dashed/solid boxes) and one heterogeneous (between rule-set
and dashed/solid boxes).

2.7. ERP Assessment

Electroencephalographic (EEG) activity was recorded via a Neuro-scan Quik-cap (Compumedics,
Neuroscan, Charlotte, NC, USA) with 64 scalp electrodes arranged in the international 10-10 system.
Electrooculographic (EOG) activity was recorded with a set of four electrodes placed at the outer
canthus of each eye and above and below the left orbit. A midline sensor placed between Cz and
CPz served as a reference and AFz served as the ground. Using a Neuroscan SynampsRT amplifier
(Compumedics, Neuroscan, Charlotte, NC, USA), the continuous EEG signal was digitized at a
sampling rate of 500 Hz, amplified 500 times to an online low-pass 70-Hz filter with a direct current
and a 60-Hz notch filter. Impedance values for all electrodes were maintained ≤10 kohms.

Offline, continuous data were re-referenced to averaged mastoids and merged with behavioral
data. An independent components analysis (ICA) was used to systematically reject eye-blink artifacts
from the data. Data were submitted to a 0.1-Hz high-pass filter before being submitted to the ICA.
ICA and vertical EOG channel correlations greater than 0.35 were considered eye-blinks and were
thus rejected. The ICA-corrected EEG data were segmented for each trial beginning −200 ms prior
to stimulus onset and continuing 1200 ms post onset. The −200 ms to stimulus onset was used for
baseline correction. Data were filtered using a 30-Hz zero phase shift low-pass filter.

Based on evidence observed from post-hoc topographic images, a 6-sensor region of interest (ROI)
comprised of C1, CZ, C2, CPZ, CP1, and CP2 electrodes was used for P3 assessment. Topographic grand
average plots were constructed using a stylized topographic map plugin for EEGLAB/ERPLAB [28].
Only correct trials from individuals who reported >50 usable trials in both homogenous and
heterogeneous trial types were used for analyses. The P3 component was defined as the localized
peak and corresponding latency occurring between 300–600 ms post-stimulus onset. Amplitude was
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measured as a change score from the pre-stimulus baseline and peak latency was defined as the time
point of the maximum amplitude.

2.8. Statistical Analysis

Statistical analyses were performed with SPSS Statistics version 24 (IBM, Armonk, New York).
Internal consistency for the EAT-26 instrument was assessed using Cronbach’s Alpha. Pearson
product-moment correlations were conducted to examine bivariate relationships between demographic
factors (age, IQ, and sex (females coded as 0 and males coded as 1)), HEI-2015, BMI, EAT-26,
and cognitive control variables. Due to non-normality as assessed via Shapiro-Wilk p < 0.05, log
transformations of all EAT-26 variables were used for all analyses. Hierarchical linear regression
analyses were used to determine the contribution of the summative EAT-26 score and each subscale
to the cognitive control outcomes. Factors correlated with any one of the cognitive control outcomes
were included in step 1 of the regression model. Overall model fit was assessed using ANOVA
significance (p < 0.05) and tests for multicollinearity were conducted for each subscale. Based on
published research demonstrating large effect sizes among clinical samples [9,29], we conducted an a
priori power calculation. Specifically, we applied a moderate effect size (r = 0.30), two-sided α of 0.05,
and 80% power resulting in a minimum sample size target of 81 participants to conduct the multiple
regression analyses. For ERP waveform illustrative purposes in Figure 2, participants with “low” (<11)
and “high” (>11) EAT-26 responses. An independent t-test was conducted among these groups with a
significance threshold of p < 0.05, and they were plotted for comparison purposes in Figure 2.

 

 

(a) (b) 

Figure 2. (a) Waveform depictions of “low” (n = 105) and “high” (n = 29) EAT-26 scores of the
homogenous and heterogeneous Switch task trials, and (b) a topographic representation of the 6
electrode sites (C1, CZ, C2, CPZ, CP1, and CP2) used in the P3 region of interest (ROI).

3. Results

3.1. EAT-26

Mean scores from all participants for summative scores and subscales are reported in Table 1.
Only 13% of study participants reported a summative EAT-26 score of 0, therefore, 87% of our sample
reported some degree of disordered eating attitudes. Three percent of individuals reported scores of 20
or above (the score at which clinician referral is recommended) and 20% of individuals scored above
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an 11 (the score at which a doctor referral has been proposed for individuals belonging to non-clinical
populations) [23,24]. While the EAT-26 score cannot be used to diagnose an eating disorder without
also being coupled with an evaluation by a physician, these results indicate that our sample may be
largely comprised of individuals who display subthreshold disordered eating attitudes, or disordered
eating attitudes at levels that do not qualify for clinical diagnosis. Cronbach’s alpha conducted on the
Dieting, Bulimia and Food Preoccupation, and Oral Control subscales yielded scores of 0.79, 0.73, and
0.50, respectively.

3.2. Bivariate Correlations

Negative relationships were observed between age and the Bulimia and Food Preoccupation
subscale (r = −0.26, p = 0.003) and between IQ and the Dieting subscale (r = −0.18, p = 0.04). EAT-26
variables were unrelated to BMI, sex, and HEI-2015 scores (p > 0.05).

Regarding the behavioral Switch task outcomes, sex was related to RT of the NonSwitch (r = 0.30,
p = 0.001) and Switch trials (r = 0.20, p = 0.02), indicating that males took longer to respond on these
trials. IQ was related to accuracy of both the NonSwitch (r = 0.38, p < 0.001) and Switch trials (r = 0.30,
p = 0.001). No relationships were observed between BMI, age, or HEI-2015 scores and behavioral
Switch task outcomes of accuracy nor RT. The correlations between EAT-26 variables and Switch task
variables are described in Table 2.

Table 2. Bivariate Correlations between EAT-26 variables and Switch task behavioral variables.

Summative EAT-26 Dieting Subscale
Bulimia and Food

Preoccupation Subscale
Oral Control

Subscale

Homogeneous

Overall Accuracy −0.09 −0.08 −0.10 0.06
Overall RT 0.25 ** 0.26 ** −0.10 0.16

Heterogeneous

NonSwitch Accuracy −0.17 −0.22 * 0.04 0.03
NonSwitch RT 0.16 0.19 * −0.12 0.03

Switch Accuracy −0.19 * −0.22 ** 0.00 −0.02
Switch RT 0.15 0.20 * −0.04 0.10

Switch Cost

Global Accuracy 0.16 0.21 * −0.07 0.01
Local Accuracy 0.04 0.03 0.05 0.07

Global RT −0.01 0.03 −0.02 −0.05
Local RT 0.05 0.10 0.07 0.13

RT—Reaction Time; ** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05
level (2-tailed).

Regarding the ERP Switch task outcomes and EAT-26 variables, the EAT-26 summative score
was not correlated with any of the ERP variables (all p’s > 0.05). The Dieting subscale was positively
associated with the Global Switch Cost calculation for accuracy (r = 0.17, p = 0.05). An inverse trend
was also observed between the Dieting subscale and peak P3 amplitude in the homogeneous trials
(r = −0.17, p = 0.06). The Bulimia and Food Preoccupation subscale was negatively correlated with
peak P3 latency in the homogenous trials (r = −0.23, p < 0.01) and trending in its relationships with the
NonSwitch (r = −0.17, p = 0.06) and Switch (r = −0.15, p = 0.09) trials. The Oral Control subscale was
not correlated with any of the ERP variables. In terms of demographic variables, IQ was associated
with peak P3 latency in the homogenous trials (r = −0.18, p = 0.04) and HEI-2015 scores were positively
associated with peak P3 amplitude of the Switch trials (r = 0.18, p = 0.04). Sex, BMI, and age were not
correlated with any of the ERP variables. Complete correlations between ERP outcomes and EAT-26
variables are reported in Table 3.
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Table 3. Bivariate Correlations between EAT-26 variables and Switch task ERP variables.

Summative EAT-26 Dieting Subscale
Bulimia and Food

Preoccupation Subscale
Oral Control

Subscale

Homogeneous

Amplitude −0.09 −0.17 † 0.05 0.01
Latency 0.01 0.03 −0.23 ** 0.11

Heterogeneous

NonSwitch
Amplitude 0.08 0.03 0.09 0.04

NonSwitch Latency 0.01 −0.01 −0.17 † −0.02
Switch Amplitude 0.10 0.06 0.06 0.05

Switch Latency 0.40 0.01 −0.15 0.06

Switch Cost

Global Amplitude 0.13 0.17 * 0.12 −0.01
Local Amplitude 0.00 0.02 −0.09 −0.07
Global Latency −0.10 −0.08 0.00 −0.16
Local Latency 0.07 0.10 0.04 0.11

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).
† Correlation is trending at p < 0.07 (2-tailed).

3.3. Regression Analyses

Age, sex, BMI, IQ, and HEI-2015 scores were entered into step 1 for each model, as they were
shown to be associated with cognitive control outcomes at the bivariate level. Sex was pertinent to
the aim of our study, and BMI, age and IQ have been previously associated with cognitive control
tasks [3]. For each dependent variable, a standardized step 1 was used, followed by 4 different step
2 regression analyses. The summative EAT-26 and each subscale were therefore entered as separate
step 2 variables. Tests for multicollinearity indicated that a low level of multicollinearity was present
between the Summative EAT-26 and subscales (variance inflation factor (VIF) Dieting subscale = 1.37,
Bulimia and Food Preoccupation subscale = 1.13, Oral Control subscale = 1.31).

Full behavioral regression values are reported in Table 4. For the behavioral Switch task variables,
no step 2 variable was associated with accuracy in the homogeneous trials (all p > 0.05), indicating
that disordered eating attitudes are not associated with accuracy in these trial types. The model for
RT in the homogenous trials was significantly improved with the addition of EAT-26 summative
score (ΔR2 = 0.06, β = 0.25) as well as with the Dieting subscale (ΔR2 = 0.06, β = 0.26). The addition
of the Dieting subscale was associated with an improved model for overall heterogeneous accuracy
(ΔR2 = 0.3, β = −0.17) as well as Switch accuracy (ΔR2 = 0.3, β = −0.17) and trending for the NonSwitch
accuracy (ΔR2 = 0.02, β = −0.15). These results indicate that individuals with higher Dietary subscale
scores took longer to respond on both homogeneous and heterogeneous trial types and performed
worse on measures of heterogeneous accuracy. Similarly, the model for RT of the NonSwitch trials was
significantly improved with the addition of EAT-26 summative scores (ΔR2 = 0.04, β = 0.20) and with
the addition of the Dieting subscale (ΔR2 = 0.04, β = 0.19). RT of the Switch trials was significantly
improved following the inclusion of the summative EAT-26 (ΔR2 = 0.03, β = 0.18) and the Dieting
subscale (ΔR2 = 0.04, β = 0.20). These results indicate that individuals with higher summative EAT-26
scores took longer to respond on these trial types, and that the Dieting subscale was even further
associated with an increased RT, as indicated by the significant ΔR2. The Dieting subscale was trending
with Global Accuracy Cost (ΔR2 = 0.02, β = 0.16), though no relationships were observed for Global RT
Cost, nor Local Switch Costs.
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The model for latency of the homogeneous P3 trials was significantly improved by the addition of
the Bulimia and Food Preoccupation subscale (ΔR2 = 0.04, β = −0.20). Intriguingly, apart from this, no
models were predictive of Switch task ERP variables in either the homogenous or heterogeneous task
conditions, nor in terms of Global or Local Switch Costs (all p > 0.05). Therefore, while relationships
were observed between disordered eating attitudes and behavioral accuracy and RT, relationships
were largely not seen regarding the P3, indicating that these behavioral decrements may not be driven
by differences in P3 amplitude or latency. Waveform depictions are presented in Figure 2.

4. Discussion

We aimed to elucidate relationships between disordered eating attitudes and cognitive flexibility
in a non-clinical sample of adults with overweight and obesity. As hypothesized, behavioral latencies
in a cognitive flexibility task were correlated with higher disordered eating attitudes, specifically the
EAT-26 Dieting subscale. Furthermore, the contribution of disordered eating attitudes was generalized
such that it was evident for both the homogenous and heterogeneous task conditions. Importantly, this
relationship occurred even after controlling for potential confounding factors such as sex, age, BMI,
diet quality, and intellectual abilities. However, the only statistically significant relationship observed
between measures of disordered eating attitudes and ERP P3 variables was with the Bulimia and Food
Preoccupation subscale. These results suggest that the neural mechanisms by which disordered eating
attitudes influence cognitive flexibility may be evident without decrements captured by the P3 ERP
component, and that future work should examine possible alternative neurophysiological mechanisms
of this relationship.

Our findings are consistent with previous literature indicating that individuals with eating
disorders and with overweight or obesity exhibit differential patterns during cognitive flexibility task
performance [30,31]. Both homogenous and heterogeneous trial types of the Switch task were related
with disordered eating attitudes, as indicated by longer RTs and lower accuracies among individuals
with higher Dieting subscale scores. These results also extend previous work relating eating attitudes
to cognitive flexibility by demonstrating that cognitive impairment related to disordered eating risk
is not limited to clinical populations but is also present among otherwise healthy individuals with
overweight and obesity [30]. Interestingly, the relationship between RT and disordered eating attitudes
was observed across both the EAT-26 summative score as well as the Dieting subscale for all trial
types, suggesting both a generalized and specific negative influence of disordered eating attitudes on
processing speed.

While the EAT-26 is a widely used eating disorder screening tool, there is substantially less work
evaluating the independent subscales. Evidence in support of the specificity between the Dieting
subscale and cognitive flexibility reinforces the theory of functional differences across disordered eating
symptoms. The Dieting subscale is thought to reflect “negative body image and avoidance of fattening
foods” [32]. Orbitello et al. reported that, in a sample of non-clinical individuals with overweight and
obesity, a high Dieting subscale score was a risk factor for eating disorders not otherwise specified
(previously EDNOS, now other specified feeding or eating disorder (OSFED)) [27]. Our results reveal
that participants with higher Dieting subscale scores took longer to respond in both homogenous and
heterogeneous task conditions. Our results indicate that, not only do a large number of participants
identify with the Dieting subscale, but also that they exhibit cognitive rigidity patterns similarly
evident in clinical studies of patients with eating disorder diagnoses. These results point to a need for
more studies examining cognitive barriers to behavior change among community populations.

Intriguingly, in contrast to our hypothesis, the only relationships between EAT-26 variables
and P3 outcomes that maintained significance after controlling for pertinent demographic and body
composition variables were between the Bulimia and Food Preoccupation subscale and latency in
the homogenous task trials. Yet, no relationships were observed between the Bulimia and Food
Preoccupation subscale and behavioral variables. This is interesting, as bivariate relationships were
observed between the Dieting subscale and the peak amplitude during homogeneous trials, yet this
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relationship did not persist in regression modeling. To the authors this implies that there may be some
relationship between these variables, albeit not very strong. The homogeneous trials are also thought
of as the “easier” task trials, in that you are staying within one rule-set, and thus it is intriguing that
results were observed here.

The P3 component is largely thought to reflect contextual updating of task-set configurations,
or how well one can activate currently relevant stimulus-response rules and deactivate previously
relevant rules (in this case the difference prompted by the solid or dashed boxes) [14]. As outlined
below, various explanations may explain these relationships. In the present task, motor responses were
held constant across conditions, meaning that our task was better able to capture an attentional switch
rather than an intentional switch. The lack of associations indicates that decrements in behavioral
performance are perhaps not reliant on stimulus evaluation or contextual updating and may instead
draw mechanistic foundations from measures of an intentional switch, including task-specific motor
response remapping, or inhibition of response alternatives. Support for this explanation can also
be drawn from the correlations between RT and P3 latency variables. While RT is an index of both
duration of stimulus evaluation process as well as response selection, the P3 latency is only reflective
of stimulus evaluation [16]. Our results revealed correlations between RT and P3 latency in the
homogenous conditions (r = −0.31, p < 0.01), but no relationships between RT and P3 latency in the
Switch and NonSwitch conditions (r = 0.12, p = 0.18; r = 0.07, p = 0.43). While interpretations of this
result may vary, one can view these relationships as another indication that an individual’s eating
attitudes do not have bearing on the stimulus evaluation component of the P3, indicating a need
for investigation of disordered eating attitudes using tasks designed to evaluate intentional switches
involved in behavior. Another explanation for a lack of a relationship between disordered eating
attitudes and P3 outcomes may be that, in this task, while we observed global switch effects we did
not observe local switch effects (Figure 1). Further tasks using the ERP technique in conjunction with
task-switching paradigms are thus warranted.

While this study draws its strength from the novel use of the ERP technique in conjunction
with eating attitude assessment in a large non-clinical sample of individuals with overweight and
obesity, our study was not without limitations. Primarily, our study was cross-sectional, and thus any
conclusions drawn are correlational, rather than causational. Thus, cognitive flexibility could have
been driven by the disordered eating attitudes, or disordered eating attitudes could be maintained
due to cognitive rigidity. Further longitudinal work is thus needed to elucidate these relationships.
Nevertheless, we were able to shed light on a relatively concordant relationship between eating
attitudes and behavioral measures of cognitive flexibility in a non-clinical group of men and women
with overweight or obesity.

5. Conclusions

We observed statistically significant relationships between disordered eating attitudes and
behavioral RT, yet not neuroelectric indices, on a cognitive flexibility task in a sample of men and
women with overweight and obesity. Importantly, these relationships were independent of age, sex,
BMI, IQ, and overall dietary quality. More experimental work is necessary to explore the relationship
between eating attitudes and cognitive flexibility to determine the cognitive underpinnings of eating
behavior regulation and inform future therapeutic approaches to improving adherence to healthful
diet habits in the general population with overweight and obesity.
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Abstract: Given the links between parental obesity and eating psychopathology in their children, it is
important to understand the mechanisms via which unhealthy relationships with eating are passed
from generation to generation. The aim was to review research focusing on food-related parenting
practices (FPPs) used by parents with overweight/obesity. Web of Science, PubMed and PsycINFO
were searched. Studies that included a measure of FPPs were considered eligible and were required
to have examined FPPs by parental weight status. Twenty studies were included. Single studies
suggest differences between parents with healthy-weight vs. overweight/obesity with respect to;
food accessibility, food availability and modelling. Multiple studies suggest that several parenting
strategies do not differ according to parental weight status (child involvement, praise, use of food
to control negative emotions, use of food-based threats and bribes, pressure, restriction, meal and
snack routines, monitoring, and rules and limits). There was inconclusive evidence with respect to
differences in parental control, encouragement and use of unstructured FPPs among parents with
healthy-weight vs. overweight/obesity. The findings of this review imply some differences between
parents with overweight/obesity and healthy-weight and the use of some food-related parenting
practices, however, they should be interpreted with caution since research remains limited and is
generally methodologically weak. The review highlights opportunities for further research, and
suggests improvements to current measures of FPPs.

Keywords: children; eating disorders; eating behavior; feeding practices; obesity

1. Introduction

A child is ten to twelve times more likely to have obesity when they have two parents with obesity
when compared to having two parents with healthy weight [1,2]. In addition, children are developing
obesity earlier [3], increasing the risk of developing adiposity-related conditions later in life including
type II diabetes mellitus, cardiovascular diseases, sleep apnoea, problems with physical function, and
some cancers [4–7]. Not only is parental obesity linked to obesity in their children, it has also been
implicated in the aetiology of eating disorders (EDs), such as bulimia nervosa [8], binge-eating disorder
(BED) [9], and anorexia nervosa [10]. For example, patients with anorexia nervosa have cited that
living with a family member with obesity was one of the causes of the development of their ED [11].

Both obesity and eating disorders present in a significant proportion of young people. For instance,
in 2016, 41 million infants and young children were overweight or obese globally [12]. In the UK,
approximately one third of 2–15 year old children have overweight or obesity [13,14]. ED prevalence
is also high, approximately five percent of children aged thirteen to eighteen will suffer from anorexia
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nervosa, bulimia, or binge eating disorder, with lifetime prevalence rates of 0.9%, 1.5%, and 3.5%
among women, and 0.3%, 0.5%, and 2.0% among men [9]. BED is the most prevalent eating disorder
associated with obesity among adults and adolescents [9,15] where the transmission of disordered
eating has been illustrated in research. Parents with obesity, reporting binge-eating disorder (BED)
behaviours, are significantly more likely to also report overeating, and binge-eating behaviours in their
children than parents without BED behaviours [16]. Furthermore, children of mothers with overweight
and obesity exhibit higher levels of emotional eating than children of healthy-weight mothers [17].

Research suggests that a child’s diet and preferences for food are usually influenced by food
environments, including the eating behaviours of their parents [18,19]. This influence is strongest in
early childhood, where parents act as gatekeepers and role models around food [20,21]. One important
approach to tackling obesity in childhood and prevent the development of disordered eating
behaviours is to understand and positively influence the modifiable determinants of healthy eating
behaviours early in life [18,22]. Food parenting practices (FPPs) have been found to be one of the
environmental factors associated with the development of overweight and obesity in childhood [22],
and encompass the behaviours used by parents to influence their child’s behaviours, attitudes, or
beliefs around food and eating [23]. FPPs are defined as active techniques or behaviours used by
parents to influence a child’s food intake [24–26]. Although the relationship between FPPs, child
weight and dietary intake is complex and bidirectional [27], one known predictor of children’s Body
Mass Index (BMI)/weight is parental BMI [28–30]. This association can be attributed to genetic
predisposition and environmental factors [31,32], including FPPs. Indeed, parents have a vital role in
modelling food choices and shaping their children’s food preferences [33,34].

Due to recognised inconsistencies in the terminology and definitions on parents’ food-related
behaviours, a working group of experts critically appraised the FPP literature and devised a content
map to guide future research and to assist with study comparisons [23]. The appraisal resulted in
three higher-order FPP constructs: coercive control, structure, and autonomy support/promotion [23].
Coercive control involves FFPs such as restriction, pressure to eat, threats and bribes, and use of
food to control negative emotions [23]. Structure involves FPPs such as rules and limits around food,
limiting/guiding food choices, monitoring, meal and snack routines, modelling, food availability,
food accessibility, food preparation, and unstructured practices [23]. Autonomy support or promotion
involves FPPs, such as nutrition education, child involvement, encouragement, praise, reasoning, and
negotiation [23]. For the purpose of this review the FPP map was adopted to guide the description
of results.

FPPs that support autonomy are non-directive, for example, encouraging balance and variety
around food and providing nutritional education [35]. Such FPPs are believed to stimulate healthy
food intake, and prevent consumption of unhealthy foods [25]. Conversely, coercive FPPs are directive,
for example, pressuring a child to eat, restricting unhealthy or snack foods and use of food-based
threats and bribes [36].

The latter type of FPPs, although well intended to prevent overeating [26], have been found to
be associated with increased childhood weight and obesogenic eating behaviours, such as emotional
eating and overeating [37]. For example, the use of food-based threats has been shown to affect BMI
in adulthood [38]. This is because the reward status placed on the restricted food(s) increases the
food’s affective value [39] and desirability [40], thus making them more likely to be eaten in excessive
amounts [41]. Retrospective research conducted among adults indicates a heightened preference for
foods that were restricted in childhood and higher levels of emotional overeating in adulthood [38,42],
increasing the risk of binge-eating and bulimia [43,44].

Additionally, the use of food to control negative emotions is another coercive FPP that has
been found to be associated with increased child BMI [45] and eating in the absence of hunger [46].
Adults recalling their own parents’ use of food to control their behaviours as a child via reward or
punishment have also reported higher levels of binge-eating and dietary restraint [38]. Further, pressure
to eat beyond satiety is detrimental to a child’s ability to acknowledge and react appropriately to
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hunger and fullness cues which in turn influences food intake [47]. Loth and colleagues identified that
pressure to eat and food restriction were both significantly and positively associated with disordered
eating among adolescent boys [48].

Extensive research has also shown that parents who are concerned with their own weight and
eating behaviours are likely to exert coercive FPPs when feeding their children [49,50]. However,
later in life, the use of such FPPs are associated with children’s less healthy eating behaviours,
and disordered eating [48,51,52]. Studies such as these suggest that parents may, unknowingly,
be promoting disordered eating and subsequent excessive weight gain in their child/ren via the use
of unhelpful FPPs and eating behaviours [53]. Furthermore, since the risk of obesity is greater for
children with one or more parents with obesity, identifying the particular FPPs used by parents with
overweight/obesity could be helpful in informing the development of family based interventions.

In order to understand the determinants of FPPs, Birch and Davison’s model of multiple
interactions proposes that there are numerous familial influences on the use of FPPs [54]. The influences
described in the model are: parental weight status, parental eating behaviours, child weight status, and
child eating behaviours [54]. Although the model does not acknowledge all the environmental factors
associated with the development of childhood obesity [54], the model is appropriate for exploring the
influences at the parental level, such as parental weight, on the use of FPPs.

In summary, the FPPs currently being used by parents with overweight and obesity are yet to be
identified despite parental BMI being associated with eating disorders and the strongest predictor of
child weight/BMI. Therefore, the aim of this review is to systematically identify and review the types
of parental FPPs used by parents with overweight and obesity (defined by a BMI ≥ 25.0 [55]). To aid
cross-study comparisons, minimise conflicting findings and move towards consensus in measurement,
the results are presented under Vaughn and Colleagues’ three higher-order food parenting constructs
of the content map [23].

2. Methods

2.1. Search Strategy

Potential studies were identified from three relevant electronic databases: Web of Science, PubMed,
and PsycINFO. Published, peer-reviewed articles that examined FPPs were included. The reference
lists of all relevant articles were hand-searched to further identify any additional studies that may have
not been captured by the searches [56]. There was no limit placed on the publication date. Database
searches were initially conducted in January 2017 and updated on 7 September 2018. Search strategies
for each database can be found in Supplementary File 1.

2.2. Selection Criteria

The inclusion of studies was based on the PRISMA checklist’s PICOS (Participants; Interventions;
Comparators; Outcome and Study design) taxonomy [57]. Participants: Studies were eligible if they
were conducted with participants who identified themselves as parents, primary caregivers, or legal
guardians. Participants had to have been grouped by BMI status or equivalent (e.g., healthy-weight,
overweight, or obese). Studies focussing on infant feeding and studies including participants with
medical conditions or disabilities that may influence FPPs and/or weight (e.g., Prada-Willi syndrome,
Anorexia Nervosa, Binge Eating Disorder, Type I Diabetes Mellitus) were excluded. Interventions:
Studies needed to have used a measure of FPPs, e.g., the Child Feeding Questionnaire. Comparators:
Studies were eligible where there was a comparison group of parents with healthy-weight. Outcome:
Studies needed to have considered a relationship between parental BMI and FPPs. Study design:
Studies conducted quantitatively (cross-sectional, laboratory-based observation, longitudinal) were
included. Peer reviewed studies that were written in English were considered eligible. Individual
case studies, prospective and protocol articles were excluded. Studies involving FPP intervention
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or manipulation were also excluded as these studies do not capture naturalistic FPPs. Furthermore,
participating in an intervention study can raise awareness of participants’ unhealthy behaviours [58].

2.3. Article Screening

The most recent studies identified from the search were published in 2018 and the oldest study
was published in 1969. The titles and abstracts were screened for potential inclusion by one author
(CP). A second reviewer (DM) also independently assessed each potential article for inclusion to
determine whether it could be excluded on the basis of the inclusion/exclusion criteria. Disagreements
were discussed and resolved by consensus [59]. A third reviewer (CM) was consulted where there
was uncertainty. Full texts of potentially eligible studies were then screened by one reviewer (CP) and
verified by the second (DM).

2.4. Data Extraction and Synthesis

Data from each article were extracted and tabulated to present the study information. A data
extraction form was developed according to the Centre for Reviews and Dissemination guidance [59].
The review and narrative synthesis was guided by the PRISMA statement for systematic reviews
(http://prisma-statement.org/prismastatement/Checklist.aspx) (Supplementary File 2) [57], and was
registered on the PROSPERO database (CRD42018108891). A meta-analysis was not appropriate due
to the heterogeneity between studies.

2.5. Quality Assessment

Articles were scored on their methodological quality, internal and external validity using the
NICE quality appraisal for quantitative studies checklist [60]. It has been used in previous systematic
reviews [61,62] and was adapted for the purposes of this review. The scoring for each criterion in the
checklist ranged from ++ (when all or the majority of criteria were fulfilled), + (the criteria have been
partially fulfilled), to - (few or none of the criteria have been fulfilled). Due to the limited number of
studies revealed by the review, no publications were excluded from the review based on quality scoring.
Study quality was also independently assessed by the second reviewer (DM) to examine possible risks
of study bias, as suggested by Moher and colleagues [57]. Publication bias was not assessed due to
heterogeneity among studies. Inter-rater reliability was in the acceptable range, intraclass correlation
coefficient (ICC) = 0.87, and was assessed using a two-way mixed, consistency, average-measures ICC
to examine the degree of agreement in study ratings between the two reviewers (CP and DM).

3. Results

3.1. Summary of Included Studies

The initial search yielded 5599 abstracts (Figure 1). A proportion of articles (n = 197) were
removed due to duplication, and 5402 abstracts were screened. The majority of abstracts (n = 5356)
were excluded upon review as they did not meet the inclusion criteria. Forty-seven full-text articles
were retrieved and read, however, a further twenty-seven were excluded from this review for the
following reasons: not reporting FPPs by parental weight status (n = 10), no demographic data on
the number/percentage of parents per BMI category (n = 11), the article presented the results of an
intervention (n = 4), the sample included parents with healthy-weight only (n = 1), and measured
perception of hunger (n = 1). One additional study was identified from a systematic review article [63]
that was not identified in the search. Twenty studies were included in this review [64–84].
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Figure 1. PRISMA Flowchart.

Apart from one study, 19 of the 20 included studies used widely-accepted BMI cut-offs for
overweight and obesity (≥25). Lipowska and colleagues [75] used body-fat status measured by a
body composition analyser and grouped parents into either overfat, healthy or underfat categories
according to societal norms proposed by Gallagher and colleagues [84].

The oldest studies included in the review were published in 2001 [64,69] and the most
recent studies were published in 2018 [75,79] (Table 1: Study results). Of the 20 relevant studies,
16 were cross-sectional [64,66–69,71–73,77,78,81,85], three were observational [74,76,82], and one
longitudinal [70]. Research was conducted in the USA (n = 9), the UK (n = 2), Germany (n = 2),
Turkey (n = 1), Australia (n = 1), Australia and New Zealand (n = 1), Brazil (n = 1), The Netherlands
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(n = 1), Poland (n = 1), and China (n = 1). Mothers comprised the participants in the majority of the
studies (n = 13).

Table 1. Quality rating by study.

Study Quality Rating

Baughcum et al., 2001 [64] +
Cebeci and Guven, 2015 [66] +
Corsini et al., 2010 [67] -
Costa et al., 2011 [68] -
Francis et al., 2001 [69] +
Francis and Birch, 2005 [70] +
Haycraft, Karasouli, and Meyer, 2017 [71] +
Jingxiong et al., 2008 [72] +
Kröller and Warschburger, 2008 [73] +
Lewis and Worobey, 2011 [74] -
Lipowska et al., 2018 [75] +
Lumeng and Burke, 2006 [76] -
Powers et al., 2006 [77] +
Raaijmakers et al., 2014 [78] +
Roberts, Goodman, and Musher-Eizenmann, 2018 [79] ++
Russell et al., 2018 [80] +
Wardle et al., 2002 [81] +
Wendt et al., 2015 [82] +
Williams et al., 2017 [83] +
Berge et al., 2015 [85] ++

(-) indicates poor, (+) indicates reasonable in quality, (++) indicates good.

All 20 studies used nonclinical samples. The sample sizes varied where the largest sample
was over 3000 parents [85], the smallest sample size was 20 mothers [74] (Table 1). FPPs were
measured using questionnaires (n = 17), observations (n = 2), and a conjunction of both (n = 1).
The questionnaires used in studies varied, however, the Child Feeding Questionnaire (CFQ) and CFQ
subscales appeared to be used most frequently [66–70,73,74,77,85]. Other measures used to collect
FPP data included the Pre-Schooler Feeding Questionnaire (PFQ) [64], the Chatoor Feeding Scale
(CFS) [86], the Parental Feeding Style Questionnaire (PFSQ) [75,81], the Toddler Snack Food Feeding
Questionnaire (TSFFQ) [67], the Comprehensive Feeding Practices Questionnaire (CFPQ) [35,79,80], the
Caregiver’s Feeding Styles Questionnaire (CFSQ) [87], the Feeding Strategies Questionnaire (FSQ) [79],
the Parenting Strategies for Eating and Activity Scale (PSEAS) [83], and the Meals in our Household
(MioH) [79] measure.

3.2. Study Quality

Using the National Institute for Health and Care Excellence (NICE) rating system, four studies
were rated as poor (-), fourteen were rated reasonable in quality (+), and two studies were rated good
(++). The majority of research examined (14 studies) was rated as reasonable in quality (Table 1).
This means that the criteria for internal and external validity were partially met to a standard whereby
any criteria that were not fulfilled, would be unlikely to change the study conclusions [60]. Four
studies were rated as poor in quality. This means that the design of the study contained sources of
bias, such as little consideration for confounding variables [68,74], small sample sizes [74], and little or
unclear information about the study sample [67,68,76].

3.3. FPP Results

A summary of the studies can be found in Table 2.
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3.3.1. Coercive Control

The term “coercive control” is a distinct type of control that reflects parental attempts to dominate,
pressure, or impose parental will on the child [88]. FPPs that are coercive have been described as
parent-centred strategies with the aim to meet parental goals and desires [23]. Such FPPs that have
been identified by the review are the following:

Parental control

The measures that assessed parental control over their child’s eating were heterogeneous. This,
in turn, revealed an inconclusive relationship between parental weight and use of parental control.
There is some evidence to suggest that mothers with overweight/obesity have less control over their
child’s intake and, therefore, their child has more control around their own intake of food [81].
Specifically, Wardle and colleagues [81] found that mothers with overweight/obesity reported
significantly less control over their child’s food intake on the PFSQ when compared to mothers
with healthy-weight. Similarly Haycraft and colleagues [71] found significantly higher reports of
mothers with overweight/obesity giving their child more control around eating, as assessed by the
CFPQ, in comparison to mothers with healthy-weight. In contrast, two cross-sectional studies reported
no significant differences between parents with healthy-weight, overweight and obesity and CFQ
control [77] and PSEAS control [83].

In one laboratory-based observational study, fathers with overweight demonstrated significantly
more struggle for control (efforts by parent or child to control feeding) than fathers with healthy-weight
and obesity [82]. The authors suggested that fathers with overweight attempt to try and control
feeding due to concern about their child’s weight. This finding was not observed among the mothers
in the sample.

Using food to control negative emotions

Using food to control negative emotions [23] is a behaviour used by parents in response to their
child’s emotional state [35,89], and is suggested to influence emotional eating in adulthood [90]. In the
reviewed studies, the use of food to control negative emotions was measured using the PFSQ emotional
feeding, e.g., “I give my child something to eat to make him feel better when he is upset” [81], the PFQ
using food to calm a child, e.g., “Gave something to eat/drink if the child was upset” [64], the CFPQ
emotion regulation, e.g., “Do you give this child something to eat/drink if s/he is upset even if you
think s/he is not hungry?” [71] and by newly-developed questions, e.g., “Do you use foods to comfort
your child?” [78].

There were five studies that reported no significant difference between parents with
healthy-weight, overweight and obesity and the use of food to control negative emotions. Raaijmakers
and colleagues [78] also reported no significant difference between use of food to control negative
emotions and maternal healthy-weight, overweight, and obesity. However, this assessment was
dichotomous, and consequently the frequency of the use of this FPP is unknown [78]. Another study
reported that mothers with overweight/obesity use food to soothe their child significantly less than
mothers with healthy-weight [72].

Threats and bribes

Five of the twenty identified studies explored the use of food-based threats and bribes.
The majority of evidence identified appears to show no significant difference between parents with
healthy-weight, overweight and obesity and the use of food-based threats and bribes in exchange
for a favourable outcome (e.g., good behaviour from the child [37]), despite the varied measurement
of this FPP. Wardle and colleagues [81] reported no significant differences between parents with
healthy-weight, overweight, and obesity and PFSQ instrumental feeding. Haycraft and colleagues
study also reported non-significant findings among maternal healthy-weight, overweight, and obesity
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using the CFPQ food as a reward subscale where their data was collected from a large sample of
mothers with healthy-weight, overweight, and obesity in a community setting [71]. Two further
studies also concluded that maternal weight had no significant effect on the use of food based threats
and bribes [73,78]. In contrast, however, one study reported that the odds of mothers with obesity
using CFPQ food as a reward was higher than compared to mothers with healthy-weight [80].

Discipline

One study examined the use of discipline among parents with their children via the PSEAS, which
asks parents whether they discipline their child for unhealthy eating [83]. There were no significant
differences between parents with healthy-weight, overweight and obese and the use of discipline for
eating unhealthy foods [83].

Pressure to eat

Pressure to eat is a controlling, directive feeding practice that aims to increase a child’s food
intake [91]. There appears to be no difference between parents with healthy-weight, overweight, and
obesity and pressuring a child to eat. No significant difference was found on the PFQ pushing the child
to eat more [64], CFQ pressure to eat [66,68,69,73,74,77], PFSQ prompting/encouragement to eat [81]
CFPQ pressure [71], and laboratory observational prompting a child to eat [76]. One study however,
reported that parents with healthy-weight used significantly higher levels of CFQ pressure to eat when
compared to parents with overweight and obesity, suggesting that parents with overweight/obesity
use pressure to eat less [85]. Francis and colleagues [69] reported that pressure to eat by mothers with
overweight/obesity was significantly predicted by daughters’ adiposity, and mothers’ concern for
daughters’ weight. Pressure to eat by mothers with healthy-weight on the other hand was significantly
predicted by mothers’ perception of daughters as underweight [69].

Restriction

Restriction involves controlling a child’s intake of unhealthy foods [91]. Parents might control
a child’s intake with the intention to limit unhealthy foods or to decrease or maintain a child’s
weight [35]. Ten identified studies included the assessment of restriction which used the CFQ and
the CFPQ [66,68–71,73,74,77,80,85]. The evidence suggests that there is no difference between parents
with healthy-weight, overweight, and obesity and the use of restrictive FPPs. Five studies found
no significant difference in CFQ restriction [66,69,70,74,77] among mothers with healthy-weight,
overweight, and obesity. Additionally, there was no significant difference between mothers with
healthy-weight and overweight/obesity on CFPQ subscales: restriction for health and restriction for
weight [71]. It has also been reported that the odds of mothers with obesity using CFPQ restriction for
health were lower compared to mothers of healthy-weight [80].

Contrary to the aforementioned findings, two studies did report a significant difference in CFQ
restriction between mothers, caregivers and parents with healthy-weight and overweight/obesity [68,
85]. Francis and colleagues [69] conducted a five-year longitudinal study that reported among mothers
with overweight/obesity, restriction could be significantly predicted by maternal concern for their
daughters’ weight regardless of their daughters’ actual weight status, maternal perception of daughters
as overweight, and maternal investment in weight and eating issues.

One study combined multiple subscales from the CFPQ, FSQ, and the MioH [79] measure, and
analysed the three overarching food parenting constructs outlined by Vaughn and colleagues [23]:
coercive control, structure, and autonomy. Roberts and colleagues reported that there was no significant
difference between parents with healthy-weight, overweight and obesity, and use of coercive FPPs [79].
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3.3.2. Structure

Meal and snack routines

Meal and snack routines are created by parents and includes the “location, timing, presence of
family members, atmosphere or mood, and presence or absence of distractions during meals and
snacks” [92] (p. 106). With regards to mealtime structure, the evidence remains inconclusive as this
was explored in only one identified study [64]. Specifically, Baughcum and colleagues [64] included
a domain in the PFQ that assessed structure during feeding interactions. This domain asks about
whether the child watched television during meals, whether the child had a set mealtime and snack
routine and whether the mother sat down with the child during mealtimes. A significantly lower
degree of structure during mealtimes was reported by mothers with obesity than mothers without
obesity [64].

Only one study examined mealtime atmosphere which reported no significant difference in
dyadic reciprocity (affective engagement and quality of relatedness between mother and child),
dyadic conflict (conflicts between mother and child over eating), talk and distraction during feeding
(mother or child attempts to engage or control each other by talking or distracting), and maternal
non-contingency (parental inability to interpret and respond to child cues) among mothers and fathers
with healthy-weight, overweight and obesity [82]. More research is needed to examine meal and snack
routines and parental BMI.

Monitoring

Parental monitoring involves the degree to which the parent keeps track of a child’s food
consumption [36]. The small amount of evidence identified appears to suggest no difference between
parents with healthy-weight, overweight and obesity and monitoring. Four studies found no significant
difference in CFQ monitoring and CFPQ monitoring [66,68,71,73] and parent weight. Costa and
colleagues [68] suggested that rather than parental weight, parental concern about their child’s weight,
i.e., where the child is at risk of developing overweight or is already overweight, is related to parental
monitoring of their child’s eating which questions the direction of this relationship. In contrast, another
study using the PSEAS, reported that underweight and healthy-weight parents monitor their child’s
diet significantly more than parents with overweight and obesity [83], suggesting that parents with
overweight and obesity monitor their child’s diet less.

Food accessibility

Food accessibility involves how easy or difficult it is for a child to access food independently or
with assistance [23]. Access to such foods was assessed using the TFSSQ, and only one study used
this measure [67]. Compared to mothers with obesity, mothers with healthy-weight and overweight
recall previously allowing access to sweets and snack foods significantly less [67], suggesting that
mothers with obesity allow access to sweets and snack foods more frequently than mothers with
healthy-weight/overweight. In this particular study, mothers were asked to recall their previous and
current FPPs. The recollection of CFPs may have, however, been influenced by mothers’ current CFPs
or weight status and therefore this non-significant finding should be interpreted with caution.

Rules and limits

Parents may set rules and limits to clarify what, how much, when and where their child/ren
should eat [23]. Rules around snack foods was assessed in two studies via the TFSSQ [67] and
PSEAS [83]. There was no significant difference between mothers with obesity and without
obesity regarding their implemented rules around snack foods (TFSSQ), however, this did approach
significance [67]. Also measured in this study was mothers’ flexibility around snack foods (TFSSQ),
where there was also no significant difference between maternal BMI and this FPP [67]. Limit setting
is assessed on the PSEAS, and asks parents about their use of boundaries around the consumption
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of unhealthy foods [83]. In this study there were no significant difference among parents with
healthy-weight and overweight/obesity and limit setting [83].

Food availability

The types of food available and unavailable in the home is described as food availability [23].
Parental encouragement of balance and variety around food and the home food environment was
assessed by one study [71]. This study utilized the CFPQ [35] where there were significantly lower
reports of encouraging balance and variety among mothers with overweight/obesity in comparison
to mothers with healthy-weight. Further, mothers with overweight/obesity reported having a
significantly less healthy home food environment [71]. However, the sample in this study lacked
heterogeneity as the majority were identified as white (76%).

Modelling

One study with a rather large sample (n = 437) explored maternal BMI and food modelling using
the CFPQ [71]. Mothers with overweight/obesity reported significantly less modelling of healthy
eating in comparison to mothers with healthy-weight [71].

Unstructured practices

FPPs that are “unstructured” involve the absence of parental control or structure around child
eating, examples include meeting the child’s demands, allowing the child to make inappropriate
food-related decisions, and providing little guidance or direction [23].

Child control of feeding interactions is a domain in the PFQ and the CFPQ and asks mothers
whether they let their child choose their food from what is being served, whether mothers make
something different if their child did not like what was being served, and whether mothers allowed
their child to eat snacks whenever their child wanted [35,64]. Three studies explored child control
around eating and reported contradictory findings. Specifically, Baughcum and colleagues reported no
significant difference in PFQ child control around eating between mothers with obesity and mothers
without obesity [64]. However, Haycraft and colleagues reported that mothers with overweight
and obesity gave their child significantly more control around eating when compared to mothers
with healthy-weight [71]. Russell and colleagues also reported that the odds of mothers with
obesity allowing child control (CFPQ child control) is higher when compared to mothers with
healthy-weight [80].

Age inappropriate feeding is a domain assessed by the PFQ and asks mothers to report; for
example, if they gave the child a bottle during the day and whether they fed the child themselves if
they did not eat enough [64]. Only one study found that mothers with obesity used significantly more
age-inappropriate feeding in comparison to mothers without obesity. However, this difference was no
longer significant after adjusting for family income [64].

One study combined multiple subscales from the CFPQ, FSQ, and the MioH [79], and analysed
the three overarching food parenting constructs outlined by Vaughn and colleagues [23]: coercive
control, structure and autonomy. Roberts and colleagues concluded that in comparison to parents with
healthy-weight, parents with obesity use significantly less structure FPPs (there was no significant
difference between parents with healthy-weight and overweight).

3.3.3. Autonomy Support/Promotion

Child involvement

There was no significant difference between mothers with healthy-weight, overweight, and
obesity, and involving their child in planning and preparing meals and encouraging participation in
food shopping. This is based on just a single study examining maternal BMI and involvement using
the CFPQ [71].
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Encouragement

In contrast to pressure to eat, whereby parents demand that their child eats more, encouragement
involves parental use of positive, gentle, and supportive behaviours that are non-coercive [23]. Parental
encouragement aims for children to build habits around healthy eating [23].

Two studies assessed parental encouragement using the PSFQ [75,81] which presented
contradictory results. Lipowska and colleagues [75] reported that, among a Polish sample of parents,
mothers with healthy body fat (body fat composition was measured rather than BMI) reported PSFQ
encouragement FPPs significantly less than mothers with an overfat body status, suggesting that
mothers with overfat use more encouraging FPPs than mothers with a healthy body fat status. Wardle
and colleagues [81] on the other hand, reported that there are no significant differences in the PSFQ
encouragement among mothers with healthy-weight, overweight, and obesity.

Praise

Vaughn and colleagues define praise as a form of positive reinforcement where parents provide
verbal feedback to the child [23]. One study assessed praise in the PSEAS which asks parents whether
they use praise when their child eats healthy snacks [83], which found no significant differences
between parental BMI and use of praise.

One study combined multiple subscales from the CFPQ, FSQ, and the MioH [79], and analysed the
three overarching food parenting constructs outlined by Vaughn and colleagues [23]: coercive control,
structure, and autonomy. Roberts and colleagues reported that there was no significant differences
between parents with healthy-weight, overweight and obesity, and use of autonomy support FPPs [79].

Nutrition education

Teaching about nutrition involves parents providing information and skills to their children to
aid their decision making about the foods they eat, thus supporting the child’s autonomy since this
information guides volition, and eating behaviours. One study included the assessment of teaching
about nutrition using the subscale from the CFPQ [71], however, due to subscale reliability in the study
was excluded from the analyses. More research is warranted to explore this FPP further.

4. Discussion

The aim of this review was to systematically identify the types of food-related parenting practices
used by parents with overweight/obesity in comparison to parents with healthy weight. This is
important since extensive research indicates an increased presence of EDs among individuals who
have parents with overweight and/or increased BMIs [9,93–95].

With regards to coercive food parenting practices, there is evidence (based on eleven studies)
suggesting that there is no difference among parents with healthy-weight, overweight and obesity in
their use of food to control negative emotions, use of food-based threats and bribes, pressure to eat and
restriction [64,66,68–71,73,74,76–78,81]. The evidence examining parental control was inconclusive due
to contradictory study findings [71,77,81,83]. These results are of interest as previous research suggests
that parental weight status is a predictor of the use of coercive FPPs [54]. Parents who struggle with
their own eating and weight are more likely to use coercive FPPs with their children [69,96,97] and
adolescents [85]. However, the results in the current review, that there appears to be no difference
between parental weight and use of coercive FPPs, suggests otherwise. The use of such FPPs could
rather, be more driven by other parental cognitions such as concern about their child’s weight rather
than their own weight. This was evident in one of the identified studies that reported restriction and
pressure to eat was significantly predicted by maternal concern for their daughters’ weight [69].

With regards to parenting practices involving structure, there also appears to be no difference
between parents with healthy-weight, overweight and obesity and: meal and snack routines,
monitoring, or rules and limits [64,66–68,71,73,82,83]. However, the available research indicates
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that there are significant differences between parents with overweight and obesity versus parents with
healthy-weight with respect to food accessibility, food availability, and modelling [67,71]. The research
suggests that parents with overweight and obesity have a less healthy home food environment and
model healthy eating less than parents with healthy-weight. Such findings shed light on the types
of food environments children may be exposed to in families with overweight and obesity, which
is one of the determinants of child weight [98]. Access and availability of healthy foods alongside
parental modelling are all important FPPs in developing children’s healthy eating behaviours. For
example, parental modelling of fruit and vegetable intake has been found to be positively associated
with children’s fruit and vegetable intake [99] and lower availability of high-fat foods and sweet
snacks [100]. Further, access to healthy foods might reduce the need for parents to exert coercive FPPs
such as restriction. It should however, be highlighted that apart from rules and limits which was
assessed in two studies, the structure FPPs described above were all examined in single, unreplicated
studies. With regards to unstructured FPPs, the evidence was inconclusive due to contradictory study
results [64,71,79,80]. FPPs that are unstructured include the absence of parental control [23], while
this is an important for the development of child autonomy, having too much freedom with food
choices and eating in addition to a less healthy home food environment, could result in less healthier
selections of foods. It is important that unstructured FPPs are further researched particularly as eating
behaviours in childhood can be tracked into adulthood [101], which emphasises the importance of the
development of healthy eating behaviours in early life.

Finally the results examining autonomy support FPPs, indicated that there are no significant
differences between parents with healthy-weight, overweight and obesity and child involvement and
praise which is also based on single, unreplicated studies [71,83]. Encouragement was examined in
two studies, however, due to contradictory results, the evidence is inconclusive [75,81]. Although there
was little evidence identified on autonomy support FPPs, they should be the focus of further research,
since they provide parents the opportunity to convey information about healthy eating, subsequently
allowing the child to internalise healthy norms and make informed decisions through the fostering of
their autonomy [102].

The findings from this review should be interpreted with caution, since some FPPs in relation
to parental BMI were examined in single studies, particularly where the research involved structure
and autonomy support FPPs. In addition, it is unknown whether the research indicating that there is
no relationship between parental BMI and FPPs is due to a real effect, the absence of methodological
rigour (only two studies received ++ in this review) or the use of inadequate measures to capture
FPPs. There may be value in conducting a review of measures using the COSMIN (Consensus-based
Standards for the selection of health Measurement Instruments) checklist to aid the selection of the
most appropriate measure for the FPP research at hand [103].

The current review identified numerous and inconsistent measures that are available to measure
FPPs. Although the CFQ was the most frequently used measure to capture self-reported FPPs, many
more feeding practices have been identified [23]. The CFQ does not capture the wider range of FPPs,
such as parental modelling and teaching about nutrition [35], and so it is possible that there were
additional FPPs used by parents that were not captured. It has been suggested that the inconsistent
results between parental BMI and FPPs may be due to other variables, for example, parents own
weight concerns, child age, and child weight [79]. On the other hand, it is possible that some of the
inconclusive findings described above between parental BMI and FPPs are due to a lack of well-defined
concepts being measured [92], subsequently resulting in a number of FPP measures that include similar
subscales, but assessing different behaviours [92]. For example, the CFQ’s restriction subscale covers
items about regulating the child’s intake such as limiting the amount of sweets and high fat foods
consumed [36] and items such as, “I offer my child her favourite foods in exchange for good behaviour”.
However, this is an item that others measures (such as the CFPQ Food as a reward subscale [35] and
PSFQ Instrumental feeding subscale [81]) regard as food-based threats and bribes to behave [35].
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Often only the minimal stages are used to design measures rather than what is required for
rigorous measure development [92]. For example, seventy-one FPP measures have been identified
in another systematic review, however, just less than half of these involved clear identification and
definition of concepts to be measured during the development stage [92]. For the review this was
problematic since there were limitations when comparing and evaluating the relationships between
parental weight and subsequent use of FPPs among the studies included in the review. One of the
strengths of the current review, however, is that the study findings were grouped and guided by
Vaughn and Colleagues’ FPPs content map [23] that will help researchers plan future studies.

Study Limitations and Future Research

Several limitations have been identified. The samples in some of the studies may have introduced
bias to the data identified in the review. For instance, Kröller and Warschburger [73] recruited
mothers from clinics where they were receiving psychoeducation about their weight. Thus, their
conclusion that maternal weight does not influence the use of FPPs might have been due to the
mothers’ newly-acquired knowledge about the potential relationship between the use of certain FPPs
and their children’s weight [73]. Two studies also reported there are no particular FPPs shared among
mothers with overweight/obesity [64,77], however, this may have been due to mothers being recruited
from the Special Supplemental Nutrition Programme for Women, Infants and Children where they
may have been more attuned to eating behaviours before participating.

Participants were predominantly white across the studies, so the generalisability of findings
is restricted to other ethnicities. Two of the identified studies are applicable to white mothers and
their daughters only [69,70]. Future research should seek to include more diverse ethnic samples,
particularly as South Asian and Black Afro-Caribbean parents have reported greater pressure to
eat [104], higher levels of restrictive FPPs and lower levels of monitoring [105] in comparison to White
British and White German parents.

Furthermore, household income is another sociodemographic characteristic that has been
extensively associated with weight status [106–108] and so it is important that future research
endeavours to collect this information. A small number of studies identified in the review did
not collect this data [71,74,76,81].

In addition to the inclusion of family characteristics, the current evidence could be strengthened
by larger sample sizes in future studies. Although Stevens suggests that “power is not an issue” when
there is sample of 100 or more [109], none of the included studies presented a power calculation.
Therefore, the results of those studies that included less than 100 parents with healthy-weight,
overweight and obesity suggesting that there is little or no difference in the use of FPPs between
parents with healthy-weight, overweight or obesity may have been due to studies being insufficiently
powered [70,74,76,83], resulting in different statistical outcomes.

With regards to study design, the current review identified only one longitudinal study [70].
The majority of studies were cross-sectional, which is an appropriate design for capturing the
prevalence of behaviours without the risk of losing participants to follow-up (e.g., in longitudinal
studies) [110]. However, neither the causality nor long-term impact of specific FPPs on child weight
can be determined in cross-sectional studies. More longitudinal studies are required to further explore
the relationship between parental BMI, FPPs, and childhood weight and eating behaviours.

More research is also needed to help determine inconclusive and limited findings. Future
research aiming to develop or improve measures of FPPs should do so using the appropriate steps
for questionnaire development. Additionally, the bidirectional relationships that exists between
parental FPPs and child eating behaviours should also be explored that includes parental BMI. It is
also important for research to acknowledge that other adult caregivers may be influential on a child’s
diet and eating behaviours. Parents are not only influential on their children, but also react, respond,
and modify their FPPs to children’s behaviours and own parental feeding goals [111].
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Although infant feeding was outside of the current review’s scope, it would be interesting to
explore whether there is any relationship between parental weight and pressure (e.g., encouraging
bottle emptying) with infants whom are bottle-fed. One of the concerns with the encouragement
of bottle emptying is the interference with the infant’s ability to self-regulate their intake, and in
combination with the parent’s potential to be unresponsiveness to the infant’s cues of satiety, can
lead to unhealthy FPPs used with their child later in life. For example, frequent encouragement of
bottle emptying has been found to increase the likelihood of the use of pressure-related FPPs in later
childhood [112].

5. Conclusions

In conclusion, the findings of the review showed that studies with an improved methodological
quality is required. A better understanding is required around the potential influence parental BMI has
on the use of FPPs which may contribute to the parent-child BMI and eating behaviour relationship,
particularly as FPPs are deeply influential on children’s eating behaviours and relationships with
food later in life. This could be achieved by replication and extending of existing research including
more longitudinal research with repeated use of the same or improved measures to capture FPPs [23].
Despite the mixed findings in the review, it is important that healthcare professionals working in weight
management address disordered eating if successful weight-loss is the desired outcome. Similarly, it is
important that healthcare professionals working with patients with EDs address weight management.
Although more research is required, there may also be value in incorporating education around creating
healthier home food environments within family-based interventions delivering nutrition education.
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Abstract: Impulsivity, particularly towards food, is a potential risk factor for increased energy intake
and the development and maintenance of obesity in children. However, neuropsychological and
neurophysiological indicators of general and food-specific impulsivity and their association with
children’s weight status are poorly understood. This pilot study examined electroencephalography
(EEG) frequency band profiles during eyes-closed and eyes-open resting state in n = 12 children
with overweight or obesity versus n = 22 normal-weight controls and their link to child- and
parent-reported and experimentally assessed impulsivity of children (e.g., risk-taking behavior,
approach-avoidance behavior towards food). The main results indicated that children with
overweight/obesity versus normal weight showed significantly increased delta and decreased alpha
band activity during eyes-closed resting state. Across the total sample, EEG slow-wave band activity
was particularly linked to self- and parent-reported impulsivity and greater risk-taking behavior,
but not to approach behavior towards food, after controlling for children’s age and weight status.
The identification of specific EEG patterns in children with excess weight may provide a new basis for
developing neurophysiological diagnostic and treatment approaches for childhood obesity. Future
studies with larger samples and longitudinal designs are needed to replicate the present findings and
test their stability over time.

Keywords: EEG; frequency bands; obesity; brain activity; impulsivity; children

1. Introduction

During the last decades, an increasing number of studies focused on the neuronal basis of obesity,
mostly based on functional magnet resonance imaging or electroencephalography (EEG, for reviews see
References [1–3]). Consistently, neuroimaging studies revealed altered neurophysiological processes
in the orbitofrontal cortex [4–6], a region crucial for reward and reinforcement processes [7], and the
dorsolateral prefrontal cortex, which is known to be involved in cognitive control [8–10], particularly in
the processing of food cues [11]. Processes of both reward and cognitive control are major determinants
of human approach and avoidance behaviors and can be termed as facets of impulsivity, defined as
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spontaneous, unplanned behavior with lack of regard or diminished sensitivity towards negative
or long-term consequences [12]. In line with neuronal measures, neuropsychological measures of
impulsivity indicated abnormalities in a number of facets of impulsivity in individuals with overweight
and obesity across the age range compared to normal-weight controls [13].

In the general population, longitudinal studies indicated poor inhibitory control to predict higher
body mass index (BMI, kg/m2) in children [14,15]. Recent research suggested that the association
between impulsivity and weight status is driven by increased food intake [16,17]. In fact, experimental
evidence revealed that children and adults with overweight and obesity were characterized by
food-specific inhibition and interference deficits compared to normal-weight controls as measured
by food-specific neuropsychological tasks (e.g., References [18–22]). However, while most evidence
on impulsivity in children with obesity focused on the facets of inhibition or delay of gratification,
there is little evidence on other dimensions of impulsivity, particularly decision-making, including
risk-taking behavior [23] and automatic approach-avoidance tendencies towards food stimuli. Based
on the Iowa Gambling Task (IGT) [24], an ecologically valid measure of decision-making under
uncertainty in a context of punishment and reward, there is inconclusive evidence whether children
and adolescents with excess weight show a general preference for disadvantageous, risky decisions
compared to normal-weight controls [25,26] or not [27–29]. Similarly, studies applying other tasks than
the IGT provided inconsistent findings on deviant decision-making in children and adolescents with
excess versus normal weight [30,31]. As only two previous studies [25,30] used child-adapted tasks
to examine decision-making in children and adolescents with excess weight, it is not clear whether
methodological aspects accounted for the heterogeneity of findings.

Apart from behavioral measures, EEG profiles provide a more objective evaluation of pathological
impulsivity across the age range [32]. The brain’s functional states as measured by resting-state
EEG are relatively stable over time and may be used as an indicator of arousal, cognitive activation,
and psychopathology [32,33]. Based on spectral power analysis, the EEG waveform can be classified
within different bands spanning the frequency spectrum, ranging from slow-wave frequencies (delta,
theta) to moderate (alpha) and high frequency activity (beta). A vast number of studies found increased
slow-wave EEG activity to be associated with behavioral impulsivity, including reduced inhibition [34]
and increased risk-taking behavior in adults with attention-deficit/hyperactivity disorder (ADHD)
or healthy university students [35–37]. Clinically, children with spectral elevations of resting-state
slow-wave frequencies, mainly theta, and/or reduced alpha and beta activity were likely to have
a diagnosis of externalizing behavior, including ADHD or antisocial symptomatology [34,38,39],
which are common comorbidities in childhood obesity [40]. In contrast, the preponderance of
fast-wave activity during resting-state EEG was found to be related to slower reaction times during a
neuropsychological task in adults with ADHD [41]. In a sample of adults with a gambling disorder,
frontal and central alpha band activity during eyes-closed resting state was negatively associated with
self-reported impulsivity [42]. Thus, conditions characterized by increased impulsivity were found
to show an EEG profile with increased slow-wave and decreased fast-wave band activity, suggesting
cortical hypoarousal or a maturational lag in these individuals, respectively.

Despite the evidence that resting-state EEG brain activity is a marker of behavioral impulsivity,
EEG studies in children did not explicitly consider child weight status so far, leaving the question
whether the neurophysiological profile in children with obesity is actually deviant. EEG studies
focusing on early, event-related information processing in children and adolescents with overweight
and obesity versus normal weight found general and food-specific reductions in inhibitory processing
during task performance [43,44], but nothing is known about the continuous brain activity at rest.
Following the assumption of a proposed neuronal overlap between childhood obesity and ADHD [45],
the EEG profile of children with obesity should be expected to resemble that of children with ADHD,
at least to a certain extent. The only two studies analyzing EEG spectral power in relation to child’s
weight status revealed increased frontal beta in adolescent girls with overweight or obesity during
a working memory task [46] and increased functional connectivity in the delta and beta band at
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eyes-closed rest [47] compared to normal-weight peers, but nothing is known about EEG spectral
power at resting-state activity. Simultaneously, there is very little evidence on the EEG power spectrum
and its associations with impulsivity in adults with obesity available [3]. Based on evidence from only
two studies on the sources of resting-state EEG, adults with overweight and obesity showed lower
parieto-occipital alpha oscillations during eyes-closed resting-state EEG [48], as well as posterior alpha
desynchronization during eyes-open resting state compared to normal-weight adults [49] reflecting
abnormal arousal/vigilance processes in these individuals.

Thus, the present pilot study sought to examine neuropsychological and neurophysiological
indicators of impulsivity and their relation in children with overweight and obesity versus
normal-weight controls. Specifically, this study aimed at investigating associations between eyes-closed
and eyes-open resting-state EEG indices and neuropsychological, as well as questionnaire-based
measures of general and food-specific impulsivity in children aged 8 to 13 years for the first time.
Given the exploratory design of this study and the few available findings on EEG resting state activity
in individuals with overweight and obesity, especially in children, both eyes-closed and eyes-open
resting state were examined. It was hypothesized that children with overweight or obesity will exhibit
greater slow-wave EEG band activity and lower fast-wave band activity during resting state than
children with normal weight. According to previous findings in adults with ADHD [41] and the
hypoarousal model of ADHD [50], it was expected that group differences would be more pronounced
during eyes-closed resting-state, assuming that children with overweight and obesity are cortically
under-aroused during eyes-closed resting condition and seeking for external stimulation. In order to
assess children’s impulsivity as detailed as possible and to reduce age-related biases in the context
of self-report questionnaires, parent-report measures were used as well. Since EEG frequency band
activity was evidenced to be a general indicator of impulsivity both in clinical child and non-clinical
adult samples [36,41], the study aimed to evaluate the association between EEG resting-state activity
and multiple indicators of impulsivity in a non-clinical child sample using the total sample. Specifically,
it was expected that EEG resting-state slow-wave band activity would be positively and fast-wave
band activity would be negatively related to experimentally assessed decision-making and automatic
approach-avoidance tendencies towards foods, as well as self- and parent-reported general and
food-specific impulsivity, respectively.

2. Materials and Methods

2.1. Participants

Eligible participants were German-speaking children aged 8 to 13 years with overweight or obesity,
and normal weight, respectively, who were recruited from the population (e.g., via advertisements
on the Internet, supermarkets) and clinical institutions (e.g., University Medical Center, outpatient
weight reduction programs). Inclusion in the experimental group (EG) required objectively measured
overweight or obesity based on age- and sex-specific German reference data [51]. Overweight and
obesity were defined via BMI-standard deviation scores (SDS) ≥ 1.28 and ≥ 1.88, respectively. Children
were assigned to the control group (CG) if they had normal weight (−1.28 ≤ BMI-SDS < 1.28). Exclusion
criteria for both groups included parent-reported left-handedness, mental, neurological, or serious
physical disorders (e.g., ADHD), medication intake affecting executive functions or brain activity,
or mental retardation of the child. The pilot study was approved by the local Ethics Committee of the
University of Leipzig.

The EG was comprised of n = 5 children with overweight and n = 7 children with obesity. The CG
consisted of n = 22 children with normal weight, stratified to the EG for age and sex. By design,
the groups significantly differed in their weight status, with the EG having a higher BMI-SDS than
the CG (p < 0.001), but also in their socioeconomic status [52], with children of the EG having a lower
socioeconomic status (p < 0.01) than the CG (Table 1).
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Table 1. Sociodemographic description of the experimental group (EG) and control group (CG).

EG (n = 12) CG (n = 22)

n (%) n (%) χ2 df p

Sociodemographics
Sex (female) 8 (66.7) 10 (45.5) 1.40 1 0.236

M (SD) M (SD) t df p
Age (years) 10.9 (1.9) 10.1 (1.6) 1.26 1, 32 0.217
BMI percentile (0–100) 96.5 (3.3) 54.8 (20.7) 9.25 1, 22.9 <0.001
BMI-SDS 2.09 (0.49) 0.14 (0.60) 9.60 1, 32 <0.001
SES Winkler index (0–21) 12.3 (3.8) 15.8 (3.2) −2.82 1, 32 0.008

Intelligence
Matrix reasoning (1–19) 11.2 (2.8) 12.6 (1.8) −1.55 1, 16.1 0.141

Note: BMI body mass index; CG control group; EG experimental group; M mean; SD standard deviation;
SDS standard deviation score; SES socioeconomic status.

2.2. Procedure

The standardized experimental sessions were conducted by two highly trained PhD and MD
students. In the beginning, written informed consent and assent were obtained from the parent
and child, respectively, followed by children’s intelligence assessment. During the subsequent EEG
preparation, children completed self-report questionnaires, while parents were asked to do so at
home beforehand. After EEG recordings and a 5-min break, neuropsychological tests were conducted.
Subsequently, children’s eating disorder psychopathology and mental comorbidities were assessed via
separate clinical interviews with the child and one parent, respectively (Eating Disorder Examination
adapted for Children [53,54], K-DIPS [55]). The experimental session ended with the objective
assessment of children’s weight and height. Altogether, the experimental session took approximately
3 h. Children and their parents received a financial compensation of 15€ for participation.

2.3. EEG Recording and Analysis

EEG recordings took place in an acoustically and electromagnetically shielded cabin with video
control and were conducted using a 32 channel QuickAmp amplifier and Brain Vision Analyzer
2.1 software (Brain Products, Gilching, Germany). For all recordings, participants were grounded
peripherally following the standard 10–20 International system with linked ear referencing to obtain
EEG activity from 19 scalp sites (Fp1, Fp2, F3, F4, F7, F8, Fz, C3, C4, Cz, T3, T4, T5, T6, P3, P4, Pz, O1,
and O2) at a sampling rate of 250 Hz. Eye movements and blinks were measured with two bipolar
EOG electrodes placed 1 cm beyond the outer edge of both eyes and 1 cm below and above the right
eye. EEG resting state was recorded for 300 s with eyes-open (EO) while looking at a fixation cross
on the display and for 300 s with eyes-closed (EC). The order of EEG resting state with EO and EC
was randomized.

A band-pass filter of 0.53–70 Hz and a notch filter of 50 Hz were used to filter EEG data.
The continuous EEG was segmented in 2-s intervals and ocular artifact correction was conducted
in accordance with Gratton et al. [56]. Further, automatic artifact rejection was applied to segments
with voltage steps greater than 50 μV/ms and amplitudes exceeding ±100 μV. Subsequent to these
automated procedures, two extensively trained researchers visually scanned all data in order to
identify and remove residual contaminants (e.g., artifacts, focal abnormalities, drowsiness). At least
30 artifact-free segments (not necessarily consecutive) of the filtered EEG data were required for EO
and EC to be included in the analysis. As a consequence, n = 10 children of the EG (Mean [M] =
57.8 segments; Standard Deviation [SD] = 19.8; range 36–88) and n = 19 children of the CG (M = 78.32
segments; SD = 28.1; range 39–127) were included in further analyses in the EO condition. Regarding
EC, n = 11 children of the EG (M = 108.3 segments; SD = 38.0; range 41–150) and n = 22 children
of the CG (M = 89.4 segments; SD = 30.9; range 40–156) were included in the subsequent analyses.
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The filtered EEG data were Fourier transformed with a Hanning window length of 20% extracting
delta (δ, 1.0–3.5 Hz), theta (θ, 3.5–7.5 Hz), alpha (α, 7.5–12.5 Hz), and beta (β, 12.5–30 Hz) frequency
bands. The extracted absolute power for each frequency band was grouped for frontal (Fp1, Fp2, F3,
F4, F7, F8, Fz), central (C3, C4, Cz), temporal (T3, T4, T5, T6), parietal (P3, P4, Pz), and occipital (O1,
O2) regions, converted to relative band power (%), and ln-transformed before statistical hypotheses
testing to obtain normally distributed data.

2.4. Neuropsychological Tasks

Approach-Avoidance Task (AAT). The study-specific AAT was adapted from Wiers et al. [57]
and is a computerized measure for assessing approach and avoidance tendencies towards food in
children. Following the principle of the AAT, children had to move the computer mouse as quickly
and as accurately as possible in dependence of the format of pictures presented on a computer
screen (portrait or landscape): By pulling the computer mouse to the bottom of the computer
screen, the picture grows bigger (approach), while by pushing the computer mouse to the top of
the screen, the picture size decreases (avoidance). After successful completion of a test run, including
10 grey rectangles, 40 pictures were presented in both landscape and portrait format in a randomized
order, summing up to 80 trials. Specifically, there are four picture categories with 10 pictures each
presenting high-calorie foods (e.g., burger), low-calorie foods (e.g., banana), pleasant neutral stimuli
(e.g., smartphone), as well as boring neutral stimuli (e.g., ladder) to evaluate automatic responses
depending on stimulus content. Boring neutral pictures and food pictures were pre-selected from a
large, validated picture data base [58] based on the highest ratings of perceptibility and high familiarity.
Finally, food pictures and pleasant neutral pictures were selected based on the criteria of high liking
and perceptibility derived from a previous independent rating of food and pleasant neutral pictures in
38 children of two elementary schools aged between 8 and 12 years. In accordance to Wiers et al. [57],
one child with overweight and two children with normal weight had to be excluded based on error
percentages greater than 25%. Per each picture category, difference scores were computed based
on mean reaction times in ms for the onset of correct responses to approach and avoidance trials,
for example, “high calorie food/push—high calorie food/pull.” Positive scores indicate relatively
faster reaction times for approach responses compared to avoidance, hence an approach behavior.
In the present study, only approach-avoidance tendencies for low-calorie and high-calorie food pictures
were analyzed.

Youth Version of the Balloon Analogue Risk Task (BART-Y). The BART-Y [59] is a computerized
task for the assessment of risk-taking behavior through balancing reward versus loss of points. Children
were instructed to pump up 30 computer-generated balloons by clicking a button. With each click,
the balloon was inflated further, and points were added to a counter up to a certain threshold at which
the balloon explodes. If the child decided to cash-out before the balloon explodes, the accumulated
points for that trial were added to the counter. However, if the balloon exploded, the child lost the
points earned so far for that trial. Children were not informed about the balloons’ break point that
varied across each of the 30 trials. Thus, each pump confers greater risk, but also greater potential
reward. After balloon explosion or saving of points, a new balloon appeared. At the end of the task,
collected points were exchanged to differently sized prizes (small, medium, large, and bonus toy).
Risk-taking behavior was measured by the average number of pumps on balloons that did not explode,
with higher scores indicating higher risk-taking behavior.

2.5. Self-Report Questionnaires

To assess children’s eating behavior and food-specific approach-behaviors, the subscales ‘enjoyment
of food’ (α = Cronbach’s α in this study’s sample = 0.81) and ‘food responsiveness’ (α = 0.91) of
the Children’s Eating Behavior Questionnaire (CEBQ) [60] were administrated to parents and mean
scores were computed for each subscale. Sum scores of the subscale ‘hyperactivity’ from the parent
version of the Strength and Difficulties Questionnaire (SDQ; α = 0.72, [61]) were used to determine
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children’s general impulsivity. Additionally, children’s self-reported general impulsivity was measured
using the sum score of the subscale ‘impulsivity’ of the Inventory for the Assessment of Impulsivity,
Venturesomeness and Empathy in 9–14 years old children (IVE, α = 0.62, [62]) which is an adapted
German version of the Impulsivity Questionnaire I6 by Eysenck and Eysenck [63].

2.6. Intelligence

Children’s intelligence was estimated using the ‘matrix reasoning subtest’ of the Wechsler
Intelligence Scale for Children—Fourth edition (WISC-IV; [64,65]) which nonverbally assesses
abstract-logical reasoning. Subtest scores were converted into age-specific standard values ranging
between 1 and 19, with higher scores indicating higher levels of intelligence.

2.7. Data Analytic Plan

Statistical analyses were performed using IBM SPSS Statistics version 23 (IBM Corp. Released
2015. IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY: IBM Corp) and consisted of
two steps. First, group differences between the EG and CG regarding impulsivity measures and
resting-state EEG activity measured during EC and EO were examined using two-tailed independent
sample t tests. In order to correct for possible inflations of the Type I error rate due to multiple testing,
an adjusted significance level of p < 0.05/20 = 0.0025 was considered to indicate statistical significance.
In terms of violation of normality and homogeneity of variances, non-parametric tests were used and
reported if results differed from the parametric tests. Effect sizes of group differences were reported by
Cohen’s d, whereby values ≥ 0.20 refer to small, ≥ 0.50 to medium, and ≥ 0.80 to large effects [66].

Second, associations between children’s EEG activity and various impulsivity indicators (AAT,
BART-Y, CEBQ, SDQ, IVE) over and above group status (EG vs. CG) were examined via partial
correlations (Pearson) with children’s weight status (BMI-SDS) and age serving as control variables
to exclude weight- and development-related effects on measured EEG activity [67]. Effect sizes of
correlations were interpreted according to Cohen with values r ≥ 0.10 referring to small, r ≥ 0.30
to medium, and r ≥ 0.50 to large effects [66]. Statistical significance for correlation analyses was
set at α < 0.05. Post-hoc power analyses revealed adequate power (1 − β = 0.80) for detecting
large-sized group differences (d > 1) in EEG resting state and medium-to-large-sized effects (r > 0.40)
in correlation analyses.

3. Results

3.1. Neuropsychological Tasks

While the EG showed an avoidance behavior and the CG an approach behavior of medium effect
size regarding high-calorie foods, an approach behavior to low-calorie foods was found in both groups;
however, biases were not significantly different from 0 (p > 0.05). The EG and CG did not significantly
differ in approach or avoidance behaviors to high- or low-calorie foods in the AAT (p > 0.05, Table 2).

A non-significant (p > 0.05), but medium-sized group difference was found for the number
of pumps in the BART-Y, with the EG presenting a lower average number of pumps than the CG,
indicating lower risk-taking behavior.

3.2. Self-Report Questionnaires

Parents of children of the EG reported significantly higher levels of ‘food responsiveness’ (p < 0.01,
large effect) and marginally significantly higher levels on the subscale ‘enjoyment of food’ (p < 0.100,
medium effect) of the CEBQ compared to the CG.

For general self- and parent-reported impulsivity, small-to-medium-sized, but non-significant
group differences were revealed (p > 0.05) indicating descriptively higher levels of impulsivity in the
EG than the CG.
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Table 2. Self-reported and neuropsychological measures of general and food-specific impulsivity as a
function of weight status.

EG CG

Neuropsychological Tasks M (SD) M (SD) t df p d

AAT (ms)
High-calorie food −12.2 (134.5) 70.6 (171.3) −1.38 1, 29 0.177 −0.52
Low-calorie food 39.2 (272.1) 82.2 (230.6) −0.46 1, 28 0.649 −0.18

BART-Y
N pumps 17.9 (9.0) 24.0 (10.8) −1.66 1, 31 0.108 −0.60

Self-report questionnaires M (SD) M (SD) t df p d

CEBQ
Enjoyment of Food 3.2 (0.7) 2.9 (0.5) 1.79 1, 32 0.083 0.52
Food Responsiveness 2.2 (1.2) 0.9 (0.5) 3.54 1, 13.2 0.004 1.60

IVE
Impulsivity 8.1 (3.2) 6.7 (2.8) 1.35 1, 32 0.188 0.48

SDQ
Hyperactivity 3.3 (2.1) 2.6 (1.9) 0.94 1, 32 0.357 0.36

Note. AAT Approach Avoidance Task; BART-Y Youth Version of the Balloon Analogue Risk Task; CEBQ Children’s
Eating Behavior Questionnaire; CG control group; EG experimental group; IVE Inventory for the Assessment
of Impulsivity, Venturesomeness and Empathy in 9–14 years old children; M mean; SD standard deviation;
SDQ Strengths and Difficulties Questionnaire. Negative d values indicate that the EG scored lower in the respective
measure than the CG.

3.3. Resting-State EEG Activity

As depicted in Table 3, the EG showed significantly higher delta band activity than the CG during
EC resting state with large-sized effects for parietal and occipital regions (p ≤ 0.003), while greater delta
band activity in the EG versus CG did not reach significance for other regions (0.022≤ ps≤ 0.149). Although
non-significant, large-sized group effects were found for greater occipital theta band activity and lower
alpha band activity in all brain regions in the EG versus CG (0.007 ≤ ps ≤ 0.036). Descriptively higher
theta and beta band activity in the EG versus CG did not reach significance (ps ≥ 0.027).

Table 3. Eyes-closed resting-state electroencephalography (EEG) activity as a function of weight status.

EG CG

M (SD) M (SD) t df p d

Delta (μV2)
Frontal −1.07 (0.18) −1.18 (0.21) 1.48 1, 31 0.149 0.55
Central −1.19 (0.15) −1.34 (0.19) 2.41 1, 31 0.022 0.84
Parietal −1.25 (0.19) −1.51 (0.23) 3.26 1, 31 0.003 1.19

Temporal −1.22 (0.17) −1.35 (0.17) 2.13 1, 31 0.041 0.77
Occipital −1.29 (0.23) −1.71 (0.38) 3.31 1, 31 0.002 1.24

Theta (μV2)

Frontal −1.27 (0.16) −1.37 (0.26) 1.21 1, 31 0.235 0.43
Central −1.16 (0.12) −1.30 (0.25) 1.84 1, 31 0.975 0.65
Parietal −1.31 (0.15) −1.51 (0.32) 1.96 1, 31 0.059 0.72

Temporal −1.23 (0.13) −1.38 (0.24) 1.88 1, 31 0.069 0.71
Occipital −1.48 (0.23) −1.83 (0.46) 2.33 1, 31 0.027 0.87

Alpha (μV2)

Frontal −1.54 (0.32) −1.26 (0.34) −2.29 1, 31 0.029 −0.84
Central −1.41 (0.34) −1.06 (0.36) −2.73 1, 31 0.010 −0.99
Parietal −1.26 (0.30) −0.94 (0.30) −2.88 1, 31 0.007 −1.07

Temporal −1.33 (0.31) −1.09 (0.30) −2.19 1, 31 0.036 −0.79
Occipital −1.00 (0.33) −0.69 (0.36) −2.36 1, 31 0.025 −0.88

Beta (μV2)

Frontal −1.95 (0.22) −2.11 (0.34) 1.41 1, 31 0.167 0.52
Central −2.06 (0.12) −2.19 (0.34) 1.27 1, 31 0.214 0.45
Parietal −2.25 (0.26) −2.36 (0.33) 0.93 1, 31 0.360 0.36

Temporal −2.05 (0.19) −2.12 (0.34) 0.62 1, 31 0.538 0.23
Occipital −2.37 (0.37) −2.43 (0.43) 0.39 1, 31 0.703 0.15

Note: Percentage EEG activity at a particular location increases as the mean of the ln-transformed data becomes
less negative. Negative d values indicate that the EG scored lower in the respective measure than the CG. M mean;
SD standard deviation.
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For resting-state EEG activity measured during EO, no significant group differences were found
for any frequency band and any brain region (0.333 ≤ ps ≤ 0.998).

3.4. Associations between Resting-State EEG Activity and Impulsivity Measures

Eyes-open. Results of the correlation analyses between frequency band activities measured during EO
resting-state EEG and neuropsychological indices of impulsivity are presented in Figure 1. After controlling
for children’s age and weight status, increased slow-wave band activity (i.e., delta and theta) found in
frontal, central, parietal, and temporal regions was significantly associated with higher scores in the
CEBQ subscale ‘enjoyment of food’ with medium-to-large-sized effects (0.002 ≤ ps ≤ 0.043). Additionally,
significant positive correlations of medium effect size were detected between frontal, central, and temporal
theta band activity and average numbers of pumps in the BART-Y (0.038 ≤ ps ≤ 0.046).

Regarding fast-wave band activity (i.e., alpha and beta), increased frontal and central alpha
band activity was significantly associated with lower scores in the CEBQ subscale ‘enjoyment of food’
with medium-to-large-sized effects (0.004 ≤ ps ≤ 0.005). Increased central and temporal beta band
activity was significantly associated with approach behavior for low-calorie food in the AAT with
medium-to-large-sized effects (0.023 ≤ ps ≤ 0.024). Medium-sized significant positive correlations
were revealed between occipital beta band activity and the SDQ subscale ‘hyperactivity’ (p = 0.044).
No other significant correlations were found during EO.

Eyes-closed. After controlling for children’s age and weight status, occipital delta band activity
and average numbers of pumps in the BART-Y were negatively correlated with medium-sized effects
(p = 0.028).

Regarding fast-wave band activity, increased beta band activity in frontal regions was associated with
lower scores on the IVE subscale ‘impulsivity’ (p = 0.021, medium-to-large-sized effect). Other correlations
between EC resting-state EEG and impulsivity indices were not significant.
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4. Discussion

To our knowledge, this is the first study that investigated both eyes-closed (EC) and eyes-open
(EO) resting-state EEG activity in 8-to-13-year-old children with overweight and obesity versus normal
weight and its associations with general and food-specific impulsivity measured experimentally
and via self- and parent-report. The results revealed an obesity-specific EEG profile characterized
by greater slow-wave and decreased alpha band activity during EC resting-state EEG, congruent
with EEG patterns found in other conditions marked by increased impulsivity, such as ADHD (e.g.,
References [68,69]). Independent of children’s weight status, increased slow-wave and decreased alpha
band activity during EO resting state were associated with higher impulsivity, characterized by greater
risk-taking behavior during a neuropsychological task and parent-reported food-approach behaviors,
mirroring findings in youth with ADHD [70] and healthy individuals [35,36].

The preponderance of slow-wave band activity and reductions of alpha band activity during EC
resting state in children with overweight and obesity suggested neuronal similarities with ADHD,
a highly comorbid disorder to obesity across the age range [40]. Because a concurrent diagnosis
of ADHD was an exclusion criterion for the present sample, the results were not contaminated
by underlying neuronal abnormalities due to the presence of this neurodevelopmental disorder.
Notably, disorder-specific symptoms in individuals with deviant EEG patterns are considered to reflect
compensatory mechanisms to counter-regulate the vigilance level, either via withdrawal and sensation
avoidance (depression) or inattention, hyperactivity/impulsivity [71]. Thus, general deficiencies in
self-control in children with obesity might be attributable to cortical hypoarousal, as in those with
ADHD or other externalizing behavior [39]. Although there are no studies available addressing the
particular aspect of the association between cortical arousal and self-regulation neither in adults nor
in children with overweight and obesity, preliminary evidence in adults with obesity indicated that
stimulant treatment, such as methylphenidate, may have an effect on the reduction of food intake,
at least in some individuals [72] proposing that there might be an EEG phenotype of slow-wave
preponderance in individuals with obesity. According to Knyazev (2012) [73], delta band activity
represents the most basic evolutionary old oscillatory mode in animals and humans and is especially
associated with motivational processes and biological rewards, including food, suggesting that children
with overweight and obesity may be neurophysiologically characterized by persistent states of attention
to motivationally rewarding stimuli.

Existing evidence on resting-state EEG activity in individuals with obesity was based on two
studies in adults with obesity and comorbid binge-eating disorder (BED) [74,75]. Consistently,
these studies revealed increased beta band activity and functional connectivity, respectively, in adults
with obesity with versus without BED, while there were no group differences for other frequency
bands [74,75]. However, the present study did not reveal significant differences in the beta band in
either resting-state condition between children with overweight and obesity versus normal weight
suggesting that increased beta band activity has a crucial role for individuals with obesity and high
levels of food-specific impulsivity characterizing those with comorbid BED, but not children with
obesity only. Notably, none of these previous studies on EEG resting-state activity included a control
group of normal-weight individuals so far, making specific comparisons to these previous studies
difficult [74,75]. It therefore remains to be further examined whether there are EEG subtypes in
individuals with obesity and/or BED, possibly reflecting the heterogeneity in eating disorder and
general psychopathology, including impulsivity in this population [76,77], in accordance with findings
in ADHD research [78,79].

The fact that children with overweight and obesity versus those with normal weight did
not show greater approach behavior towards high-calorie foods during the AAT is contrary to
expectations, but fits into the inconsistent findings of previous studies in child and adult samples
(e.g., References [80,81]). Within an intervention study in 276 8–16 years old youth, baseline AAT
data already indicated avoidance tendencies for snack foods in children with obesity, much like in the
present study; however, there were no data of a normal-weight control group available [82]. Similarly,
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the only study investigating adults with obesity did not find an approach bias towards high- or
low-calorie foods [81], while university students with high levels of food cravings showed greater
approach behavior towards food cues than adults with low levels of food craving [83]. The lack of
effects may mirror conditioned responses towards high-calorie foods, the anticipation of punishment,
or repeated reminders to avoid high-calorie foods, because children with obesity were mainly recruited
via weight loss facilities. As the AAT is a reaction time task, socially desirable response behavior can be
ruled out. In contrast, the BART-Y does not include any time component, but reflexive decision-making.
The results of the BART-Y were unexpected as well, because children with overweight and obesity
were not found to decide highly risky and did not strive for a large reward. Thus, the present results
add to the inconsistent evidence on decision-making and risk-taking behavior in children with obesity
(e.g., References [25,28]). Compared to the IGT or its age-adapted versions, such as the Hungry
Donkey Task [25], the component of punishment in the BART-Y is more emotionally intensive as it is
presented by an annoying tone when the balloon explodes. Thus, the results obtained from the BART-Y
may rather mirror sensitivity to punishment or increased levels of anxiety (e.g., Reference [84]) than
risk-taking behavior in children with obesity. Importantly, the questionnaire-based measures indicated
higher levels of food-specific and general impulsivity in children with overweight and obesity versus
normal-weight controls, consistent with recent findings [85].

Given that EEG resting-state frequency band activity serves as an electrophysiological signature
for a range of impulsivity facets [32], correlational analyses between these measures were conducted
across the total sample of children with normal weight, overweight, and obesity. In line with
expectations and previous findings [34–37], delta and theta band activity during EO was positively
related to parent-reported levels of enjoyment of food, describing strong approach behaviors towards
foods. In contrast, but as expected [42], the direction of the association between alpha band activity
and parent-reported food approach tendencies was the opposite (i.e., negative). After controlling
for children’s weight status and age, children’s theta band activity and risk-taking behavior in the
BART-Y were positively associated, as found in previous studies using the IGT in university student
samples [35–37]. Notably, these associations were consistently found across many brain regions
underlying the strength and connectivity of findings. For fast-wave band activity, positive relations
between occipital beta band activity and children’s level of hyperactivity were revealed, which goes
in line with studies in adult and adolescent samples with obesity, although these findings were
particularly relevant for frontal brain regions (for a review, see Reference [3]).

Compared to the associations found between EO resting-state frequency band activity and
impulsivity measures the results on EC resting-state correlates were more selective regarding brain
region and the direction of the association. For example, occipital delta band activity was negatively
associated with risk-taking decisions during the BART-Y. These localized changes in the direction
and topography of effects might be related to task-specific activation processes or the differential
cortical processing of visual input, as EO and EC conditions generally produce differences in power
and topography levels in children and adults [86,87].

A major strength of this pilot study is the standardized record of children’s resting-state EEG
activity in an acoustically and electromagnetically shielded cabin with video control. To increase
the validity of the present results, EEG data were cleaned from artifacts by two independent
experts. Furthermore, behavioral parameters of impulsivity were multimodally assessed via
neuropsychological tasks with child-adapted food-specific and neutral stimuli and state-of-the-art
questionnaires. For the first time, children’s weight status was considered to describe specific EEG
patterns in children with overweight and obesity under exclusion of ADHD and eating disorders.

However, some limitations must be considered when interpreting the results. Only large effects
could be detected with sufficient power, due to the small sample size. For this reason, non-parametric
tests were used where necessary and the corresponding effect sizes were reported. In addition
to children with obesity, children with overweight were included in the EG, possibly attenuating
between-group differences in EEG profiles related to obesity only. Due to the cross-sectional design,
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no conclusions can be drawn about the predictive value of EEG profiles on children’s eating behavior
and weight status.

Clinically, the identification of EEG profiles specific to childhood overweight and obesity may
allow for taking a neurophysiological approach to target insufficient self-regulation in obesity,
for example via EEG neurofeedback. Recent studies revealed promising effects of a specific EEG
frequency band training for reducing the number of binge-eating episodes in women with obesity [88].
From a research point of view, this study implicates the need for further EEG studies in childhood
obesity using larger sample sizes for detecting small-to-medium-sized group differences and
longitudinal designs to evaluate the stability of EEG profiles over time. In this context, future studies
should consider using alternative measures of impulsivity to cover its multifaceted nature, for example,
via the stop signal task [89], a measure of response inhibition. Finally, research is warranted to
determine the presence of EEG subtypes in children with obesity in order to account for the expected
neurophysiological heterogeneity similar to that in ADHD (e.g., Reference [90]).
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Abstract: The food industry is a for-profit industry with high relevance to universal eating disorders
prevention. To date, policy which targets the food industry and food environment has been
underutilized in efforts to decrease the incidence of eating disorders and associated risk factors.
In contrast, food policy has been extensively leveraged with the aim of reducing the incidence of
obesity. While philosophical misalignments with these later efforts may have constituted an obstacle
to identifying the food environment as a key target for eating disorders prevention, food policy is an
area where shared interests can be found. Specifically, a shared goal of obesity and eating disorders
prevention efforts is creating a food environment that supports health, while minimizing the influence
of the food industry that profits from the sale of highly palatable, processed foods and “diet” foods
and from increasing portions of foods served and eaten.
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1. Introduction

Eating disorders are a significant public health issue and affect people of all backgrounds [1–4].
Approximately 5% of individuals in the U.S. will have an eating disorder at some point in their
lives [2] and many more will struggle with sub-threshold symptoms [5–7], putting them at risk for
substantial psychiatric comorbidities [8] and serious medical complications [9]. As evidence emerges
for sociocultural drivers of eating disorder risk, recognition of the need to identify population-level
approaches to eating disorders prevention has increased [10]. For-profit industries that benefit when
people have an unhealthy relationship with food and their bodies (e.g., the diet, fashion, and beauty
industries) have been implicated as important targets for macro-level intervention for eating disorders
prevention [11,12]. The food industry, which includes food and beverage companies and quick-serve
restaurants, is another such for-profit industry with high relevance to universal eating disorders
prevention. To date, however, it has been neglected in efforts to decrease the incidence of eating
disorders and associated risk factors [13]. In contrast, policy related to the food industry has been
leveraged with the aim of reducing the incidence of obesity [14–16]. In this way, food policy is an area
where shared interests can be found with the goal of creating a food environment that supports health.
While food policy encompasses a heterogeneous set of policies involving many sectors that impact
how food is produced, processed, distributed, marketed, purchased, and consumed [17], we will
specifically focus on policy which targets practices of the food industry related to the processing,
distribution, and marketing of foods. The aim here is to outline the rationale for leveraging food policy
as an approach to eating disorders prevention. We will examine ways in which this lens would benefit
ongoing efforts to regulate the food environment that largely aim to reduce individuals’ intake and
will reflect upon the challenges to finding common ground in working towards informing food policy.

Nutrients 2019, 11, 41; doi:10.3390/nu11010041 www.mdpi.com/journal/nutrients195
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2. The Relevance of the Food Industry to Universal Eating Disorders Prevention Efforts

Eating disorders are characterized by an intense preoccupation with weight and shape,
engagement in behaviors that aim to alter weight and shape, and/or the experience of loss of control
while eating. In particular, restrictive-type eating disorders include efforts to eat less often, consume
smaller quantities, and choose foods that are lower in caloric density [18]. These efforts frequently
result in strict food rules and certain foods being thought of as permitted, while others are forbidden.
In addition, binge-type eating disorders are characterized by the consumption of large amounts of food
in a short amount of time, with an accompanying experience of loss of control [19]. These episodes may
be followed by compensatory behaviors, including self-induced vomiting, fasting, over-exercise, or the
use or diuretics and laxatives in an effort to offset or eliminate the calories consumed. Individuals
who experience binge-eating behaviors have reported experiencing strong cravings for certain foods
that may precipitate the eating episode [20]. Furthermore, avoidance of certain foods (i.e., restriction)
has been shown to increase the risk for binge-eating behaviors [21]. We will discuss how practices,
including the processing, distribution, and marketing of foods, employed by the food industry may
be related to eating disorder symptoms, such as preoccupation with weight and shape, dietary
restriction, binge-eating behaviors, and cravings. These practices include the ways in which products
are developed, (“engineering” of foods), packaged (serving size and portion), and marketed (“diet”
foods and “health halo”) (Figure 1). This suggests that it is important to consider the food environment
as a context that could increase the risk for eating disorders.

Figure 1. Food industry practices and eating disorder risk.

3. “Engineering” of Foods

In recent decades, the food industry has focused its resources on developing highly palatable,
processed foods that are engineered to be as rewarding as possible to their target audience by combining
levels of sugar, fat, and salt [22–24]. This has included research on the non-linear relationships between
sweetness and the appeal of a food to identify the optimal sweetness for different foods. In particular,
foods marketed specifically to children, such as children’s breakfast foods, have been developed
on the basis of their preference for markedly sweeter foods [25]. In addition, the food industry has
paid increasing attention to developing foods that minimize satiety, such as liquids that possess a
lower satiating capacity compared to solid foods [26]. The result of these practices is a range of foods
that have been perfected in their capacity not only to appeal but also to fail to be satiating, so as to
maximize consumption.

The engineering of foods in this manner is relevant to eating disorders prevention efforts in
several ways and emerging data confirm the association between the consumption of these foods and
eating disorder risk. Firstly, foods that are “engineered in ways that appear to surpass the rewarding
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properties of traditional foods” [24] may disturb the processes of appetite regulation. [27] Consistent
with this, highly-processed foods, containing refined sugars and added fats, have been identified
as being most associated with loss of control eating [28–30]. Furthermore, evidence from animal
models of binge eating has supported the role of highly palatable, processed foods in triggering binge
eating [31–34]. Relatedly, the capacity for these foods to disrupt the development of self-regulated
eating processes in children has also been questioned. The role of reward in driving these eating
behaviors has led researchers to draw parallels between the effects of these foods and those of addictive
substances [35–37].

4. Serving and Portion Size

The contemporary Western food environment, through practices related to the presentation,
packaging, and selling of food, has been linked to increasingly large serving and portion sizes of
foods (e.g., [38,39]). Examples of these practices include normalizing large portion sizes through
servings in restaurants, pricing scales designed to sell larger portions, displaying foods in stores in
ways that increase purchasing, and selling foods in portions or packaging that exceed a typical serving
size [40,41]. These practices could increase consumption [42–44] and thus potentiate profits, which
may explain their perpetuation. Larger serving and portion sizes could also theoretically increase
the risk for binge eating. Consistent with this, preliminary evidence supports the fact that the effects
of large portion sizes on increased consumption are strongest among youth who experience loss
of control eating or binge eating [45,46]. In addition, a food-rich environment, in conjunction with
social appearance ideals of thinness/leanness and the stigmatization of larger bodies, may place some
individuals under increased pressure to restrict their intake [47]. Thus, large serving and portion sizes
may be associated with either binge-type eating pathology, or restriction, through different pathways
and thus increase risk for eating disorders.

5. The Creation of “Diet” Foods and the “Health Halo”

The rising preoccupation with weight control and discourse identifying individual eating
behaviors as determinants of health has been accompanied by the creation of numerous “diet” foods
(e.g., reduced-calorie or “light” food products). These products have been developed to contain
low-calorie artificial sweeteners in place of sugar, reduced levels of fat, or other reformulations of
nutrients. For example, the food industry profited from dietary guidelines that emphasized reducing
total fat in the diet by creating numerous low-fat, high-carbohydrate, high-sugar products [48,49].
In addition, the food industry has been described as manipulating perceptions of the health benefits of
their products through the use of various claims about foods [50]. Importantly, while these claims may
assist individuals in their food choices, they may also be misleading [51].

The increasing availability and marketing of “diet” foods may be relevant to eating disorders
through a number of pathways. These products may be marketed as assisting in weight control and
therefore attractive to individuals with weight concerns. Meta-analytic findings have confirmed
that health-related claims on foods have a substantial effect on food choices and increased
purchasing [50,52], which may particularly affect those with weight and shape concerns. However,
consumption of “diet” or “health” products is unlikely to alleviate weight and shape concerns, or be
helpful in terms of establishing eating patterns that are regulated by internal cues. Instead, consuming
artificially-sweetened beverages rather than sugar-sweetened ones has been shown to be associated
with increased levels of restrained and emotional eating [53,54]. Furthermore, consuming these
products may increase cravings and loss of control eating through the process of cognitive restraint [55].
In addition, “diet’ and “health” foods might substitute consumption of less processed foods, that are
more helpful to appetite regulation [28]. Finally, at the macro-level, the proliferation of such foods and
their intense marketing serves to increase weight-related pressures and contributes to the sociocultural
discourse that promotes disordered eating [56]. In summary, the food environment may increase
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risk for eating disorders via multiple pathways and is therefore an important target for universal
prevention efforts, particularly through policy and regulation.

6. Food Policy for the Prevention of Obesity

Efforts to leverage policy for the prevention of obesity are widespread and largely aim to reduce
individuals’ overall intake. Public policy strategies related to obesity prevention in the U.S. and
abroad have focused on a wide range of environments, including those related to child care, health
care, and schools, [14] and are designed to increase the availability, affordability, and acceptability of
healthy food and beverage choices in various settings (e.g., schools, workplace, community), while
decreasing the availability of less healthy options in these settings [15]. While many of these policy
efforts could have relevance to eating disorders and their prevention, these potential intersections have
been underexplored.

Policy efforts aimed at limiting portion sizes are an example of a food policy for obesity prevention
that also has relevance for eating disorders prevention. Based on the body of research linking
portion size to greater consumption [57], a number of initiatives have been undertaken, ranging
from voluntary pledges to regulations [58]. In the U.S., the Food and Drug Administration (USDA)
already requires a statement regarding portion sizes on the labels of foods. Furthermore, the USDA
is currently in the process of implementing changes to the description of portion sizes to better
reflect the amount generally consumed in the nutritional information included on the labels. These
changes intend to ensure that food package labels provide a more easily interpretable estimation of
the energy and nutrition provided by foods. However, because portion size signals a norm about
what should be consumed, these changes could ultimately influence food consumption [43,59,60].
How such practices and the resultant policies affect eating disorders and associated risk factors
warrants further investigation.

An additional example within the U.S. is regulation that requires calorie labeling in restaurants
in an effort to guide consumers towards lower-calorie options [61]. While such policies are viewed
positively for increasing food industry transparency, the impact of such policies on calorie consumption
has been limited [62–64]. Moreover, a number of concerns have been expressed regarding the ways in
which such labeling might impact individuals with eating concerns, who experience high levels of
preoccupation around calorie content. Indeed, recent data suggest that individuals with disordered
eating behaviors [65] and those with eating disorders [66] may be particularly vulnerable to unintended
negative effects of calorie labels on menus. Given the limited efficacy of these policies and their
potential for unintended negative effects, greater involvement from those with expertise in eating
disorders prevention during the development of such policies is warranted.

A final example of a food policy related to obesity prevention involves the levying of sugar-taxes
and the regulation of serving sizes, particularly in the context of sugar-sweetened beverages [67].
It has been suggested that the increase of sugar-related taxes would have a significant positive public
health impact, as well as a number of economic benefits [68]. Similarly, unsuccessful efforts made
by the New York City Board of Health to regulate the size of sugar-sweetened beverages sold in that
state were considered to have a strong potential for positive impact on public health [69]. However,
concern regarding other unintended harmful effects, such as increases in alcohol consumption and the
disproportionate impact on low-income groups, have been voiced [70]. Furthermore, in the context of
eating disorders, such policies may contribute to maintaining the focus on weight as opposed to health
and thus perpetuate appearance-related pressures [56]. Thus, again, the inclusion of eating disorders
prevention perspectives in the development of such policies is critical.

Broadly, efforts to regulate the food environment that have aimed to prevent obesity have targeted
aspects of the food environment that are of relevance to the prevention of eating disorders, namely,
the lack of transparency of the industry with regard to the nutritional content of foods, as well as the
selling and marketing practices that aim to increase profit. As described above, these practices are
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those through which the food environment may increase risk for eating disorders. Therefore, policies
that are capable of altering these practices could serve eating disorders prevention efforts.

7. Challenges to Integrating Eating Disorders and Obesity Prevention Policy

Common to obesity prevention and eating disorders prevention efforts is the desire to improve
public health and reduce factors that drive disparities in health. As such, a shared goal of these
prevention efforts would include access to a food environment that promotes health, while minimizing
the influence of the food industry that profits from the sale of highly palatable, processed foods and
“diet” foods, and from increasing portions sizes. Several challenges to targeting the food industry exist
that relate to philosophical misalignments between the perspectives of eating disorders and obesity
prevention efforts, however.

The first challenge relates to the extent to which weight is a primary indicator of health and as
the primary rationale for changing food policy. Obesity prevention efforts are designed to reduce
the prevalence of obesity using a definition based on body mass index (BMI). Using this framing to
justify policy changes implies that weight gain is inherently unhealthy and crudely categorizes smaller
bodies as “healthy” and larger bodies and “unhealthy” or “diseased.” Weight stigma scholars and fat
advocates generally reject the term obesity for this reason—that it pathologizes fat bodies, ignores
natural size diversity, and, by relying solely on BMI, fails to measure health more holistically [71,72].
Within eating disorders prevention, experts generally reject the idea that weight gain is unhealthy
(indeed, weight gain is a necessary and healthy part of recovery for many people with eating disorders,
irrespective of weight), yet the erratic and disordered eating habits and/or binge eating behavior
that may be associated with weight gain should be considered problematic. To the extent that the
food industry contributes to and profits from this type of eating, eating disorders prevention must
target their practices, while also advocating for weight-neutral approaches and advocating against
weight bias.

A second challenge relates to the types of policy changes that are proposed. Many obesity
prevention policy efforts focus on specific foods (e.g., sugar sweetened beverages, fast food, etc.).
This approach is seemingly incompatible with evidence-based eating disorders frameworks based
on moderation and trusting one’s own internal cues of hunger, taste, and fullness (e.g., Health at
Every Size®, intuitive eating, mindful eating, etc.) [73–75]. Many individuals with eating disorders
assign “good” or ”bad” labels to foods or have “forbidden foods” that they avoid eating out of fear
or guilt. Learning to eat these in moderation has been shown to be a key element of successful
treatment [76]. As such, eating disorders prevention messaging often adopts a “no good/bad foods”
mantra. This perspective represents a substantial barrier to joining efforts to limit access to or penalize
certain foods. Importantly, the food environment has changed considerably in the last few decades.
Accordingly, a more nuanced perspective on food quality may better reflect the current reality of the
food environment, and may need to be incorporated into approaches for the prevention of eating
disorders. Individuals who are at risk for developing eating disorders may be particularly vulnerable
to the presence in the food environment of foods that are designed to appeal to hedonic drives and
override homeostatic drives. As such, the prevention of eating disorders includes the criticism of
tactics used by the food industry that may capitalize on this vulnerability.

Philosophical differences and key concerns with messaging underlying obesity prevention policies
do present an obstacle to integrating eating disorders prevention perspectives into existing efforts
that target the food industry. These differences have contributed to the absence of efforts to leverage
food policy as a means of the universal prevention of eating disorders. By steering clear of these
efforts, however, the considerations that are unique and critical to efforts to prevent eating disorders
are left out of the larger conversation related to the regulation of the food environment. Thus, the food
industry benefits from minimal oversight related to their contribution to eating disorder risk.
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8. Conclusions

The food industry is a key player in the creation of a food environment, characterized by the
over-abundance and aggressive marketing of engineered foods that may increase risk for eating
disorders or negatively impact their remission. Developing and implementing effective policy
approaches to limit the food industry’s capacity to continue shaping the food environment in this
way is emerging as a critical goal for universal prevention efforts. However, the capacity for these
efforts to pathologize larger bodies or vilify specific foods has constituted an obstacle to considering
how the broader goal of obesity prevention efforts (i.e., creating a food environment that supports
health) may also serve eating disorders prevention. An unintended consequence of this position may
be the proliferation of food industry practices that might increase eating disorder risk. Meanwhile,
those who are highly susceptible to the presence of these foods or food industry practices may suffer.
Eating disorders experts have a crucial part to play in informing policies targeting the food industry to
ensure that such policies do no harm. Furthermore, policy efforts targeting the food industry should be
considered as a means of improving universal prevention and decreasing an important environmental
risk for eating disorders.

Author Contributions: K.R.S. and R.F.R. conceived of the presented idea and contributed to the writing of
the manuscript.

Funding: This research received no external funding.

Financial Disclosure: The authors have no financial relationships relevant to this article to disclose.

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

References

1. Swanson, S.A.; Crow, S.J.; Le Grange, D.; Swendsen, J.; Merikangas, K.R. Prevalence and correlates of eating
disorders in adolescents: Results from the national comorbidity survey replication adolescent supplement.
Arch. Gen. Psychiatry 2011, 68, 714–723. [CrossRef] [PubMed]

2. Hudson, J.I.; Hiripi, E.; Pope, H.G., Jr.; Kessler, R.C. The prevalence and correlates of eating disorders in the
national comorbidity survey replication. Biol. Psychiatry 2007, 61, 348–358. [CrossRef]

3. Lipson, S.K.; Sonneville, K.R. Eating disorder symptoms among undergraduate and graduate students at 12
U.S. Colleges and universities. Eat. Behav. 2017, 24, 81–88. [CrossRef] [PubMed]

4. Sonneville, K.R.; Lipson, S.K. Disparities in eating disorder diagnosis and treatment according to weight
status, race/ethnicity, socioeconomic background, and sex among college students. Int. J. Eat. Disord. 2018,
51, 518–526. [CrossRef] [PubMed]

5. Field, A.E.; Sonneville, K.R.; Micali, N.; Crosby, R.D.; Swanson, S.A.; Laird, N.M.; Treasure, J.; Solmi, F.;
Horton, N.J. Prospective association of common eating disorders and adverse outcomes. Pediatrics 2012, 130,
e289–e295. [CrossRef] [PubMed]

6. Field, A.E.; Sonneville, K.R.; Crosby, R.D.; Swanson, S.A.; Eddy, K.T.; Camargo, C.A.; Horton, N.J.; Micali, N.
Prospective associations of concerns about physique and the development of obesity, binge drinking, and
drug use among adolescent boys and young adult men. JAMA Pediatrics 2014, 168, 34–39. [CrossRef]
[PubMed]

7. Haines, J.; Hannan, P.J.; van den Berg, P.; Eisenberg, M.E.; Neumark-Sztainer, D. Weight-related teasing from
adolescence to young adulthood: Longitudinal and secular trends between 1999 and 2010. Obesity 2013, 21,
E428–E434. [CrossRef] [PubMed]

8. Chamay-Weber, C.; Narring, F.; Michaud, P.-A. Partial eating disorders among adolescents: A review.
J. Adolesc. Health 2005, 37, 416–426. [CrossRef]

9. Rosen, D. Identification and management of eating disorders in children and adolescents. Pediatrics 2010,
126, 1240–1253. [CrossRef]

10. Austin, S.B. A public health approach to eating disorders prevention: It’s time for public health professionals
to take a seat at the table. BMC Public Health 2012, 12. [CrossRef]

11. Bell, M.J.; Rodgers, R.F.; Paxton, S.J. Towards successful evidence-based universal eating disorders
prevention: The importance of zooming out. Eat. Behav. 2017, 25, 89–92. [CrossRef]

200



Nutrients 2019, 11, 41

12. Austin, S.B. Accelerating progress in eating disorders prevention: A call for policy translation research and
training. Eat. Disord. 2016, 24, 6–19. [CrossRef] [PubMed]

13. Rodgers, R.; Sonneville, K. Research for leveraging food policy in universal eating disorder prevention. Int. J.
Eat. Disord. 2018, 51, 503–506. [CrossRef] [PubMed]

14. Chriqui, J.F. Obesity prevention policies in u.S. States and localities: Lessons from the field. Curr. Obes. Rep.
2013, 2, 200–210. [CrossRef]

15. Zhang, Q.; Liu, S.; Liu, R.; Xue, H.; Wang, Y. Food policy approaches to obesity prevention: An international
perspective. Curr. Obes. Rep. 2014, 3, 171–182. [CrossRef] [PubMed]

16. Hawkes, C.; Smith, T.G.; Jewell, J.; Wardle, J.; Hammond, R.A.; Friel, S.; Thow, A.M.; Kain, J. Smart food
policies for obesity prevention. Lancet 2015, 385, 2410–2421. [CrossRef]

17. Duncan, J.; Lambek, N. Why We Need to Talk about Food Policy; Committee on World Food Security: Rome,
Italy, 2016.

18. Williamson, D.A.; White, M.A.; York-Crowe, E.; Stewart, T.M. Cognitive-behavioral theories of eating
disorders. Behav. Modif. 2004, 28, 711–738. [CrossRef]

19. Corwin, R.L.; Buda-Levin, A. Behavioral models of binge-type eating. Physiol. Behav. 2004, 82, 123–130.
[CrossRef]

20. Ng, L.; Davis, C. Cravings and food consumption in binge eating disorder. Eat. Behav. 2013, 14, 472–475.
[CrossRef]

21. Stice, E.; Agras, W.S.; Telch, C.F.; Halmi, K.A.; Mitchell, J.E.; Wilson, T. Subtyping binge eating-disordered
women along dieting and negative affect dimensions. Int. J. Eat. Disord. 2001, 30, 11–27. [CrossRef]

22. Martínez Steele, E.; Raubenheimer, D.; Simpson, S.J.; Baraldi, L.G.; Monteiro, C.A. Ultra-processed foods,
protein leverage and energy intake in the USA. Public Health Nutr. 2017, 21, 114–124. [CrossRef] [PubMed]

23. Gearhardt, A.N.; Davis, C.; Kuschner, R.; Brownell, K.D. The addiction potential of hyperpalatable foods.
Curr. Drug Abus. Rev. 2011, 4, 140–145. [CrossRef] [PubMed]

24. Gearhardt, A.N.; Grilo, C.M.; DiLeone, R.J.; Brownell, K.D.; Potenza, M.N. Can food be addictive? Public
health and policy implications. Addiction 2011, 106, 1208–1212. [CrossRef] [PubMed]

25. Moskowitz, H.R. Relative importance of perceptual factors to consumer acceptance: Linear vs quadratic
analysis. J. Food Sci. 1981, 46, 244–248. [CrossRef]

26. De Graaf, C.; Kok, F.J. Slow food, fast food and the control of food intake. Nat. Rev. Endocrinol. 2010, 6,
290–293. [CrossRef] [PubMed]

27. Erlanson-Albertsson, C. How palatable food disrupts appetite regulation. Basic Clin. Pharmacol. Toxicol. 2005,
97, 61–73. [CrossRef] [PubMed]

28. Schulte, E.M.; Avena, N.M.; Gearhardt, A.N. Which foods may be addictive? The roles of processing, fat
content, and glycemic load. PLoS ONE 2015, 10, e0117959. [CrossRef]

29. Yanovski, S.Z.; Leet, M.; Yanovski, J.A.; Flood, M.; Gold, P.W.; Kissileff, H.R.; Walsh, B.T. Food selection and
intake of obese women with binge-eating disorder. Am. J. Clin. Nutr. 1992, 56, 975–980. [CrossRef]

30. Rosen, J.C.; Leitenberg, H.; Fisher, C.; Khazam, C. Binge-eating episodes in bulimia nervosa: The amount
and type of food consumed. Int. J. Eat. Disord. 1986, 5, 255–267. [CrossRef]

31. Hagan, M.M.; Chandler, P.C.; Wauford, P.K.; Rybak, R.J.; Oswald, K.D. The role of palatable food and hunger
as trigger factors in an animal model of stress induced binge eating. Int. J. Eat. Disord. 2003, 34, 183–197.
[CrossRef]

32. Boggiano, M.M.; Artiga, A.I.; Pritchett, C.E.; Chandler-Laney, P.C.; Smith, M.L.; Eldridge, A.J. High intake of
palatable food predicts binge-eating independent of susceptibility to obesity: An animal model of lean vs
obese binge-eating and obesity with and without binge-eating. Int. J. Obes. 2007, 31, 1357–1367. [CrossRef]
[PubMed]

33. Corwin, R.L.; Avena, N.M.; Boggiano, M.M. Feeding and reward: Perspectives from three rat models of
binge eating. Physiol. Behav. 2011, 104, 87–97. [CrossRef] [PubMed]

34. Oswald, K.D.; Murdaugh, D.L.; King, V.L.; Boggiano, M.M. Motivation for palatable food despite
consequences in an animal model of binge eating. Int. J. Eat. Disord. 2011, 44, 203–211. [CrossRef] [PubMed]

35. Gearhardt, A.N.; Corbin, W.R.; Brownell, K.D. Food addiction: An examination of the diagnostic criteria for
dependence. J. Addict. Med. 2009, 3, 1–7. [CrossRef] [PubMed]

36. Schulte, E.M.; Joyner, M.A.; Schiestl, E.T.; Gearhardt, A.N. Future directions in “food addiction”: Next steps
and treatment implications. Curr. Addict. Rep. 2017, 4, 165–171. [CrossRef]

201



Nutrients 2019, 11, 41

37. Ahmed, S.H.; Guillem, K.; Vandaele, Y. Sugar addiction: Pushing the drug-sugar analogy to the limit.
Curr. Opin. Clin. Nutr. Metab. Care 2013, 16, 434–439. [CrossRef] [PubMed]

38. Hill, J.O.; Peters, J.C. Environmental contributions to the obesity epidemic. Science 1998, 280, 1371–1374.
[CrossRef]

39. Economos, C.D.; Hatfield, D.P.; King, A.C.; Ayala, G.X.; Pentz, M.A. Food and physical activity environments:
An energy balance approach for research and practice. Am. J. Prev. Med. 2015, 48, 620–629. [CrossRef]

40. Benton, D. Portion size: What we know and what we need to know. Crit. Rev. Food Sci. Nutr. 2015, 55,
988–1004. [CrossRef]

41. Nestle, M. Increasing portion sizes in american diets: More calories, more obesity. J. Am. Diet. Assoc. 2003,
103, 39–40. [CrossRef]

42. Birch, L.L.; Savage, J.S.; Fisher, J.O. Right sizing prevention. Food portion size effects on children’s eating
and weight. Appetite 2015, 88, 11–16. [CrossRef] [PubMed]

43. Herman, C.P.; Polivy, J.; Pliner, P.; Vartanian, L.R. Mechanisms underlying the portion-size effect. Physiol.
Behav. 2015, 144, 129–136. [CrossRef] [PubMed]

44. Steenhuis, I.; Poelman, M. Portion size: Latest developments and interventions. Curr. Obes. Rep. 2017, 6,
10–17. [CrossRef] [PubMed]

45. English, L.; Lasschuijt, M.; Keller, K.L. Mechanisms of the portion size effect. What is known and where do
we go from here? Appetite 2015, 88, 39–49. [CrossRef] [PubMed]

46. Mirch, M.C.; McDuffie, J.R.; Yanovski, S.Z.; Schollnberger, M.; Tanofsky-Kraff, M.; Theim, K.R.; Krakoff, J.;
Yanovski, J.A. Effects of binge eating on satiation, satiety, and energy intake of overweight children. Am. J.
Clin. Nutr. 2006, 84, 732–738. [CrossRef] [PubMed]

47. Harriger, J.A.; Thompson, J.K. Psychological consequences of obesity: Weight bias and body image in
overweight and obese youth. Int. Rev. Psychiatry 2012, 24, 247–253. [CrossRef] [PubMed]

48. La Berge, A.F. How the ideology of low fat conquered america. J. Hist. Med. Allied Sci. 2008, 63, 139–177.
[CrossRef] [PubMed]

49. Willett, W. Eat, Drink, and be Healthy: The Harvard Medical School Guide to Healthy Eating; Simon and Schuster:
New York, NY, USA, 2001.

50. Chandon, P.; Wansink, B. The biasing health halos of fast-food restaurant health claims: Lower calorie
estimates and higher side-dish consumption intentions. J. Consum. Res. 2007, 34, 301–314. [CrossRef]

51. Mariotti, F.; Kalonji, E.; Huneau, J.F.; Margaritis, I. Potential pitfalls of health claims from a public health
nutrition perspective. Nutr. Rev. 2010, 68, 624–638. [CrossRef]

52. Kaur, A.; Scarborough, P.; Rayner, M. A systematic review, and meta-analyses, of the impact of health-related
claims on dietary choices. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 93. [CrossRef]

53. Elfhag, K.; Tynelius, P.; Rasmussen, F. Sugar-sweetened and artificially sweetened soft drinks in association
to restrained, external and emotional eating. Physiol. Behav. 2007, 91, 191–195. [CrossRef]

54. Lavin, J.; French, S.; Read, N. The effect of sucrose-and aspartame-sweetened drinks on energy intake,
hunger and food choice of female, moderately restrained eaters. Int. J. Obes. 1997, 21, 37–42. [CrossRef]

55. Yang, Q. Gain weight by “going diet?” artificial sweeteners and the neurobiology of sugar cravings:
Neuroscience 2010. Yale J. Biol. Med. 2010, 83, 101–108. [PubMed]

56. Rodgers, R.F. The role of the “healthy weight” discourse in body image and eating concerns: An extension
of sociocultural theory. Eat. Behav. 2016, 22, 194–198. [CrossRef] [PubMed]

57. Vermeer, W.M.; Steenhuis, I.H.M.; Poelman, M.P. Small, medium, large or supersize? The development and
evaluation of interventions targeted at portion size. Int. J. Obes. 2014, 38, S13–S18. [CrossRef] [PubMed]

58. Crino, M.; Sacks, G.; Wu, J.H. A review of population-level actions targeting reductions in food portion sizes
to address obesity and related non-communicable diseases. Curr. Nutr. Rep. 2016, 5, 323–332. [CrossRef]

59. Kerameas, K.; Vartanian, L.R.; Herman, C.P.; Polivy, J. The effect of portion size and unit size on food intake:
Unit bias or segmentation effect? Health Psychol. 2015, 34, 670–676. [CrossRef]

60. Marchiori, D.; Papies, E.K.; Klein, O. The portion size effect on food intake. An anchoring and adjustment
process? Appetite 2014, 81, 108–115. [CrossRef]

61. Burton, S.; Kees, J. Flies in the ointment? Addressing potential impediments to population-based health
benefits of restaurant menu labeling initiatives. J. Public Policy Mark. 2012, 31, 232–239. [CrossRef]

62. Swartz, J.J.; Braxton, D.; Viera, A.J. Calorie menu labeling on quick-service restaurant menus: An updated
systematic review of the literature. Int. J. Behav. Nutr. Phys. Act. 2011, 8, 135. [CrossRef]

202



Nutrients 2019, 11, 41

63. Sinclair, S.E.; Cooper, M.; Mansfield, E.D. The influence of menu labeling on calories selected or consumed:
A systematic review and meta-analysis. J. Acad. Nutr. Diet. 2014, 114, 1375–1388. [CrossRef] [PubMed]

64. Long, M.W.; Tobias, D.K.; Cradock, A.L.; Batchelder, H.; Gortmaker, S.L. Systematic review and meta-analysis
of the impact of restaurant menu calorie labeling. Am. J. Public Health 2015, 105, e11–e24. [CrossRef]
[PubMed]

65. Larson, N.; Haynos, A.F.; Roberto, C.A.; Loth, K.A.; Neumark-Sztainer, D. Calorie labels on the restaurant
menu: Is the use of weight-control behaviors related to ordering decisions? J. Acad. Nutr. Diet. 2018, 118,
399–408. [CrossRef] [PubMed]

66. Haynos, A.F.; Roberto, C.A. The effects of restaurant menu calorie labeling on hypothetical meal choices of
females with disordered eating. Int. J. Eat. Disord. 2017, 50, 275–283. [CrossRef] [PubMed]

67. Brownell, K.D.; Frieden, T.R. Ounces of prevention—The public policy case for taxes on sugared beverages.
N. Engl. J. Med. 2009, 360, 1805–1808. [CrossRef] [PubMed]

68. Andreyeva, T.; Chaloupka, F.J.; Brownell, K.D. Estimating the potential of taxes on sugar-sweetened
beverages to reduce consumption and generate revenue. Prev. Med. 2011, 52, 413–416. [CrossRef] [PubMed]

69. Pomeranz, J.L.; Brownell, K.D. Can government regulate portion sizes? N. Engl. J. Med. 2014, 371, 1956–1958.
[CrossRef] [PubMed]

70. Brown, A.W.; Allison, D.B. Unintended consequences of obesity-targeted health policy. Virtual Mentor 2013,
15, 339–346.

71. Tylka, T.L.; Annunziato, R.A.; Burgard, D.; Danielsdottir, S.; Shuman, E.; Davis, C.; Calogero, R.M. The
weight-inclusive versus weight-normative approach to health: Evaluating the evidence for prioritizing
well-being over weight loss. J. Obes. 2014, 2014, 983495. [CrossRef]

72. Meadows, A.; Daníelsdóttir, S. What’s in a word? On weight stigma and terminology. Front. Psychol. 2016, 7.
[CrossRef]

73. Tylka, T.L.; Kroon Van Diest, A.M. The intuitive eating scale–2: Item refinement and psychometric evaluation
with college women and men. J. Couns. Psychol. 2013, 60, 137–153. [CrossRef] [PubMed]

74. Tylka, T.L.; Calogero, R.M.; Daníelsdóttir, S. Is intuitive eating the same as flexible dietary control? Their
links to each other and well-being could provide an answer. Appetite 2015, 95, 166–175. [CrossRef]

75. Hepworth, N.S. A mindful eating group as an adjunct to individual treatment for eating disorders: A pilot
study. Eat. Disord. 2010, 19, 6–16. [CrossRef] [PubMed]

76. Coelho, J.S.; Wilson, S.; Winslade, A.; Thaler, L.; Israel, M.; Steiger, H. Over-evaluation of thoughts about
food: Differences across eating-disorder subtypes and a preliminary examination of treatment effects. Int. J.
Eat. Disord. 2014, 47, 302–309. [CrossRef]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

203



nutrients

Article

Executive Functioning in Obesity, Food Addiction,
and Binge-Eating Disorder

Marie Blume *, Ricarda Schmidt and Anja Hilbert

Integrated Research and Treatment Center Adiposity Diseases, Departments of Medical Psychology and Medical
Sociology and Psychosomatic Medicine and Psychotherapy, University of Leipzig Medical Center, 04103 Leipzig,
Germany; ricarda.schmidt@medizin.uni-leipzig.de (R.S.); anja.hilbert@medizin.uni-leipzig.de (A.H.)
* Correspondence: marie.blume@medizin.uni-leipzig.de; Tel.: +49-341-9715380

Received: 14 November 2018; Accepted: 21 December 2018; Published: 28 December 2018

Abstract: This study aimed to investigate food addiction (FA) and binge-eating disorder (BED)
in their association to executive dysfunctions in adults with obesity. Data on response inhibition,
attention, decision-making, and impulsivity were derived from four groups of adults with obesity:
obesity and FA (n = 23), obesity and BED (n = 19), obesity and FA plus BED (FA/BED, n = 23),
and a body mass index-, age-, and sex-stratified control group of otherwise healthy individuals
with obesity (n = 23, OB), using established computerized neuropsychological tasks. Overall, there
were few group differences in neuropsychological profiles. Individuals of the FA group did not
differ from the OB group regarding executive functioning. Individuals with BED presented with
significantly higher variability in their reaction times and a deficient processing of feedback for
performance improvement compared to individuals of the OB group. Strikingly, individuals with
FA/BED did not present neuropsychological impairments, but higher levels of depression than all
other groups. The results indicated the presence of a BED-specific neuropsychological profile in the
obesity spectrum. The additional trait FA was not related to altered executive functioning compared
to the OB or BED groups. Future research is needed to discriminate FA and BED further using
food-specific tasks.

Keywords: executive function; obesity; binge-eating disorder; food addiction; addictive-like eating

1. Introduction

Obesity, defined as an excessive accumulation of body fat (body mass index (BMI) ≥
30.0 kg/m 2) [1], presents one of the most prevalent health conditions in the Western world [2].
During the last decade, research on the causal and maintaining factors of obesity has focused on
executive functioning and neural characteristics [3–5]. Executive functions represent a range of higher
cognitive capacities enabling goal-directed behavior including inhibition, cognitive flexibility, planning,
or decision-making [6,7]. Importantly, impairments in general executive functions in individuals with
obesity, for example, reduced inhibition and planning, were linked to unsuccessful weight-loss related
behavior, such as poor dietary quality and less success in weight loss therapies [8,9]. In order to
provide targeted treatment options for executive dysfunctions, the specification of neuropsychological
profiles in the obesity spectrum is warranted [10].

In this context, a recent review showed substantial similarities between executive functions in
obesity and substance use disorder, including increased impulsive decision-making and an attentional
bias towards disorder-related stimuli in both conditions [11]. In addition to these neuropsychological
abnormalities, several neuroimaging studies documented a considerable overlap between obesity and
substance use disorder regarding functional alterations in frontal brain regions and meso-corticolimbic
circuits, which are involved in reward processing and decision-making [11–13].
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Recent research hypothesized that certain foods, especially high-fat and high-sugar foods, elicit
addictive-like behavioral responses in vulnerable individuals characterized by high impulsivity and
reward sensitivity through the activation of reward-related brain circuits [12,14–16]. This so-called
food addiction (FA) hypothesis has been controversially discussed [15,17–20], since certain aspects
of substance use symptomatology, including symptoms of withdrawal or tolerance, have not been
demonstrated regarding food [21]. FA is mainly operationalized as a trait based on a self-report
questionnaire to assess food-related addictive behavior, the Yale Food Addiction Scale 2.0 (YFAS 2.0) [22].
Although FA was found in individuals across the weight range, it was often described in the context of
obesity, with highly varying prevalence of 6.7–56.8% in samples of treatment-seeking individuals who
were overweight or obese [14]. Two recent studies specifically investigated alterations in executive
functioning in individuals with obesity and trait FA, showing that higher versus lower FA severity
in obesity was related to poorer decision-making, greater attentional impairments [23], significantly
poorer inhibition and cognitive flexibility assessed via self-report questionnaires and a computerized
neuropsychological test battery [24]. Individuals with obesity and trait FA, may therefore present with
a specific neuropsychological profile in the obesity spectrum.

Likewise, the clinical eating disorder diagnosis of binge-eating disorder (BED) [25] has been
associated with addictive-like eating behavior [26,27]. According to the 5th edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5) [25], the core feature of BED is represented by
recurrent episodes of objective binge eating, which are characterized by a feeling of loss of control over
eating while consuming an unambiguously large amount of food in a discrete period of time. BED
is not associated with regular inappropriate compensatory behaviors, such as vomiting or excessive
exercising [25]. Among treatment-seeking individuals with overweight and obesity, 23.9% presented
with comorbid BED [28]. Individuals with BED were repeatedly found to show impairments in
executive functioning exceeding those observed in obesity only, including increased impulsivity,
reward sensitivity, rash spontaneous behavior, risky decision-making, and reduced inhibition [29–34].
These alterations were found in general executive functioning tasks [30,35,36] as well as in food-related
tasks [30,37,38], strengthening the assumption of a specific neuropsychological profile of individuals
with obesity and comorbid BED.

Even though trait FA and the diagnosis of BED have a significant number of behavioral symptoms
in common (e.g., consumption of large amounts of food, loss of control, continued use despite
negative consequences, cravings) and show a comorbidity of 57.0–72.2% in treatment-seeking and
population-based samples with obesity [39], no study has yet compared the neuropsychological
profiles of individuals with obesity presenting with or without FA and BED.

In the context of executive functions in obesity as described above, we therefore aimed to
investigate general executive functions, specifically decision-making, reward sensitivity, cognitive
flexibility, inhibition, and cognitive control in four distinct groups of individuals with obesity: those
with FA, BED, FA plus BED (FA/BED), and a control group of otherwise healthy individuals with
obesity (OB) stratified to the other groups based on age, sex, and BMI. Among the four groups,
we assumed that individuals with OB would show the highest levels of executive functioning. For those
with FA, we particularly expected poorer decision-making, cognitive control, inhibition, and flexibility
than for OB. Furthermore, we assumed that individuals with BED would perform significantly worse
than individuals with OB in tasks investigating impulsivity, reward sensitivity, and inhibition. Due to
a lack of evidence, no evidence-based hypothesis was derived regarding possible differences on
executive functioning between individuals with trait FA and those with BED. However, based on
a recent finding that individuals with FA plus BED displayed greater eating disorder and general
psychopathology than individuals with BED only [40], we suggested cumulative adverse effects
on executive functioning. Thus, individuals with FA/BED were expected to show lower levels of
executive functioning than individuals with OB, FA, and BED only.
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2. Materials and Methods

2.1. Participants

Adults with obesity were recruited at the time of admission of two outpatient brain-directed
psychological treatment studies at the Integrated Research and Treatment Center Adiposity Diseases in
Leipzig, Germany (Cognitive remediation therapy for adults with obesity [41]; electroencephalographic
neurofeedback training for adults with BED [42]), and were tested prior to the beginning of
either intervention. Inclusion and exclusion criteria for both studies were similar. Relatedly,
participants included in this study were required to be between 18 and 60 years of age, present
with a BMI ≥ 35.0 kg/m2, display sufficient German language skills, and provide informed consent.
Exclusion criteria were (1) serious somatic conditions (e.g., neurological disorders, stroke, head
injury); (2) serious mental conditions (e.g., psychotic disorder, suicidality, substance use disorder,
developmental or intellectual disability); (3) physical, mental, or other inability to participate in
assessments (e.g., impediment in hearing, vision, or language); (4) previous or planned bariatric
surgery; (5) use of medication that impacts weight or executive functioning (e.g., antipsychotics,
sedatives, hypnotics); (6) current psychotherapy regarding weight or eating behavior; (7) current
participation in other interventional studies; (8) lack of compliance; and (9) pregnancy or lactation.
Individuals eligible for the OB group were required not to display any FA symptoms according to the
YFAS 2.0 [22,43] and not to report any objective binge-eating episode during the last three months as
determined via clinical interview [44,45]. Individuals eligible for the FA group needed to present with
trait FA, according to the YFAS 2.0 [22,43], and were required not to report any objective binge-eating
episode during the last three months as determined via clinical interview [44,45]. Individuals eligible
for the BED group were required to present with the DSM-5 diagnosis of BED assessed with a clinical
interview [44,45] and not to present with trait FA according to the YFAS 2.0 [22,43]. Individuals eligible
for the FA/BED group had to present with trait FA, according to the YFAS 2.0 [22,43], and with the
DSM-5 diagnosis of BED assessed with a clinical interview [44,45].

2.2. Ethics and Procedure

Both studies were approved by the Ethical Committee of Leipzig University Medical Center
(256-15-13072015, 143-15-20042015) and carried out in accordance with the Declaration of Helsinki.
Within the two mentioned treatment studies, all participants were screened for eligibility using a
standardized telephone interview. All eligible participants were invited to a baseline in-person
diagnostic session. At the beginning of the diagnostic session, informed consent was obtained,
followed by a series of neuropsychological tasks (see below). BMI was calculated based on participants’
weight (in kg) and height (in cm) which were objectively measured using calibrated instruments at the
end of the diagnostic session. The diagnostic sessions were standardized and conducted by trained
staff. All participants were asked to refrain from eating at least 2 h prior to testing, in order to avoid
any uncontrolled confounding effects of hunger or satiety on executive functioning.

2.3. Sample

Between November 2015 and April 2018, a total of n = 1082 individuals registered with an interest
in one of the two brain-directed treatment studies, of whom a total of n = 258 were eligible and included
in one of these brain-directed treatment studies. All n = 258 individuals participated in the baseline
diagnostic session. For the present study, a convenience sample out of this study population was used,
consisting of n = 23 individuals with trait FA based on the YFAS 2.0 [22,43], n = 19 with the DSM-5
diagnosis of BED based on clinical interview [44,45], and n = 23 individuals characterized by trait FA
and BED (FA/BED). Out of n = 85 individuals eligible for the OB group, a total of n = 23 otherwise
healthy individuals with obesity were stratified to the mean scores of the other groups regarding age,
BMI, sex, and education.
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2.4. Measures

2.4.1. Eating Disorder Examination

The diagnosis of BED according to DSM-5 [25] was derived from the diagnostic items of
the validated German version of the Eating Disorder Examination interview (EDE 17.0D) [44,45].
According to DSM-5, the following severity levels of BED were determined: mild (1–3 objective
binge-eating episodes per week), moderate (4–7 objective binge-eating episodes per week), severe
(8–13 objective binge-eating episodes per week), and extreme (≥14 objective binge-eating episodes per
week). The EDE has high interrater reliability (r ≥ 0.90) [46].

2.4.2. Yale Food Addiction Scale

The validated German version of the 35-item self-report Yale Food Addiction Scale 2.0 (YFAS 2.0;
α = 0.914) [22,43] was used to determine FA. Participants were instructed to indicate how often
they experienced addictive-like behavior towards food over the last year, with responses ranging
from 0 (never) to 7 (every day). A total score was calculated by adding up all DSM-5 symptoms
for addiction, ranging from 0 to 11. Scores ≥ 2 in combination with clinically significant distress
indicate the presence of FA, with higher scores representing more severe FA: mild (2–3 symptom
scores), moderate (4–5 symptom scores), and severe (≥6 symptom scores).

2.4.3. Eating Disorder Examination-Questionnaire

The validated German version of the short 8-item version of the Eating Disorder
Examination-Questionnaire (EDE-Q8; α = 0.766) [47] was used to evaluate participants’ global eating
disorder psychopathology. A mean score, ranging from 0 to 6, was calculated, with higher scores
indicating greater eating disorder psychopathology.

2.4.4. Patient Health Questionnaire-Depression Scale

The validated German version of the 9-item Patient Health Questionnaire-Depression Scale
(PHQ-9; α = 0.813) [48,49] was administered to assess the level of depression based on the DSM-5
criteria for depression. Items were scored on a 0 (not at all) to 3 (almost every day) scale. Participants’
sum scores were computed, ranging from 0 to 27, with higher scores representing more severe
depression. Scores < 5 indicate no depressive symptoms, scores between 5 and 10 a mild depression,
and scores > 10 a major depression [48,49].

2.5. Neuropsychological Assessment

2.5.1. Iowa Gambling Task

The computerized version of the Iowa Gambling Task (IGT) [50] was used to assess
decision-making under uncertainty and complexity. The IGT requires participants to choose 100 times
from four possible card decks (A, B, C, and D), aiming at winning the highest possible amount of
virtual money. Each card deck contains profits and losses of different amounts. In the long term,
choosing from card decks A and B will result in overall long-term loss (disadvantageous decks),
whereas choosing cards from card decks C and D will result in overall long-term gain (advantageous
decks). Performance in the IGT was determined by the total net score, calculated by subtracting the
total number of disadvantageous choices from the total number of advantageous choices. Additionally,
a learning effect across the net score of the five consecutive blocks of 20 cards was considered.

2.5.2. Delay Discounting Task

The computerized version of the Delay Discounting Task (DDT) [51], provided by the test software
Millisecond [52] was used to determine the individual discounting rate of delayed rewards, which
represents a measure of impulsive decision-making [51]. In this paradigm participants were instructed
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to choose between a standard amount of money (10 EUR) with different temporal delays (0, 2, 30,
180, and 365 days) or a variable amount (0–10 EUR) with no delay, until an indifference point for
each delay was found or until the maximum number of trials (30) has been run for each delay. Five
indifference points were calculated, where the immediate reward and delayed reward were equal in
terms of subjective value. To determine performance in the DDT, the five indifference points were
used to calculate the area under the curve (AUC) [53]. The AUC may range from 0 to 1 with greater
AUC values being associated with less discounting of delayed rewards, i.e., less impulsivity [53].

2.5.3. Go/No Go

The computerized version of the visual Go/No Go paradigm [54], provided by the Vienna
Test System [55], was used to assess inhibitory control. The visual Go/No Go paradigm required
participants to determine whether a stimulus required a reaction or an inhibition. Therefore,
202 triangles were shown on the screen, which required a fast response, while a total of 48 circles
appeared randomly in-between, indicating that no response should be given. Performance in the
Go/No Go paradigm was determined by the number of commission errors (false positive responses
towards a No Go trial), with more commission errors suggesting diminished inhibitory control [56].

2.5.4. Wisconsin Card Sorting Test

The computerized version of the Wisconsin Card Sorting Test (WCST) [57] was used as a measure
of cognitive flexibility. The WCST required participants to sort each of maximally 128 cards according to
three possible principles or rules (e.g., shape, color, or number), which were unknown to the participant,
but would become apparent via feedback during the trials. After 10 consecutively and correctly sorted
cards the rule changed suddenly and without warning. The participant then had to generate solutions
and use the feedback to adapt to the new rule. Performance on the WCST was measured with the
percentage of perseverative errors, which represent a tendency to perseverate on the previous rule,
and the learning to learn score, which represents the average growth of conceptual efficiency during
the test (average difference in percent errors between successive categories). The learning to learn
score can only be calculated if participants have completed at least three categories or completed two
categories and attempted a third. The learning to learn score can obtain positive and negative values,
with positive scores indicating enhanced efficiency across consecutive categories, presumably because
of learning [57].

2.5.5. Alertness

Alertness and the variability in early attentional processes was assessed with a computerized
perception and attention functions battery (WAFA) [58], provided by the Vienna Test System [55].
To assess visual intrinsic alertness, participants were required to look at a fixation cross at the center of
the screen and press a button as fast as possible when a target stimulus, a circle, appeared. For the
assessment of phasic alertness, an auditory cue appeared shortly before the visual stimulus, preparing
the participant for next execution of the reaction. Performance in intrinsic and phasic alertness was
reported as log-transformed mean reaction time, with higher scores indicating longer reaction times
and therefore less alertness [58]. Variability in performance in intrinsic and phasic alertness was
reported as a measure of dispersion, with higher scores indicating greater variability in intrinsic or
phasic alertness.

2.6. Statistical Procedure

Statistical analyses were performed using IBM SPSS Statistics version 24 (IBM Corp. Released
2016. IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp). All tests were two-tailed
and considered significant when p values were <0.05. Since the domains of executive functioning
are distinct and based on single measures, adjusting for multiple testing was not necessary, except
for the computerized alertness task (WAFA) where four outcome measures were used. The p value
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for testing group differences in the WAFA was therefore adjusted to p = 0.05/4 = 0.0125. For the
comparison of groups regarding socio-demographic and clinical variables, univariate analyses of
variance (ANOVAs) were calculated for continuous variables and Chi-square tests (X2) for categorical
variables. The prerequisites for performing the tests (normal distribution and homogeneity of variance)
were tested with the Shapiro-Wilk and Levene tests. When prerequisites were not met, Welch
ANOVA was used, because of its robustness against violations of the assumption of homogeneity
of variances [59]. In case of significance and homogeneity of variances, the Bonferroni post-hoc test
was used to determine pair-wise differences; in case of violation of homogeneity of variances the
Games-Howell post-hoc test was used. For Welch ANOVA, estimated omega squared (est. ω2) was
calculated for which ω2 ≥ 0.01 is considered a small effect, ω2 ≥ 0.06 a moderate, and ω2 ≥ 0.14 a
large effect [60]. For mean differences in post-hoc tests Cohen’s d was calculated, with d ≥ 0.2 being
considered a small effect, d ≥ 0.5 a moderate, and d ≥ 0.8 a large effect [61]. In the present study,
a power of ≥ 0.75 was observed to detect moderate and ≥ 0.95 to detect large group differences in
ANOVAs (two-tailed p < 0.05).

3. Results

3.1. Sample

As depicted in Table 1, groups did not differ in socio-demographic characteristics. Significant
differences between groups were found in eating disorder psychopathology and depression. For eating
disorder psychopathology, post-hoc tests did not reach significance. The FA/BED group showed
significantly more depressive symptoms compared to the OB group (5.17, 95% Confidence interval
(CI) (1.86, 8.49), p ≤ 0.001). Significantly more individuals of the FA/BED group presented with severe
FA compared to the FA group, where there were more cases of mild FA. The FA/BED group did not
differ significantly regarding BED severity from the BED group.
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3.2. Neuropsychological Assessment

In the WAFA, groups differed significantly in the variability to react to a cued target (measure
of dispersion phasic alertness), see Table 2, with individuals with BED showing significantly more
variability in reaction times than individuals with OB (0.88, 95% CI [0.13, 1.63], p = 0.018, d = 1.12).
Significant group differences were furthermore observed in the growth of conceptual efficiency in the
WCST (learning to learn score), indicating that individuals with BED showed significantly less growth
of conceptual efficiency in learning compared to individuals with OB (−3.47, 95% CI [−6.92, −0.01],
p = 0.049, d = −0.85). Regarding decision-making, all groups improved their net score over the five
consecutive blocks of the IGT, as depicted in Figure 1. Although descriptive data of the IGT net score
seem to differ substantially, no significant group differences were found and only a small effect size
was observed (see Table 2), suggesting that trait FA and BED diagnosis were not associated with altered
decision-making in individuals with obesity. In addition, groups did not differ in their mean reaction
time (intrinsic and phasic) and variability to react to un-cued visual targets (measure of dispersion
intrinsic alertness) in the WAFA, the amount of perseverative errors in the WCST, and the amount
of commission errors in the Go/No Go task (see Table 2), indicating that trait FA and BED were not
associated with altered attention, cognitive flexibility, and inhibition in individuals with obesity.
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4. Discussion

The present study aimed at investigating the associations of trait FA and the DSM-5 diagnosis
of BED regarding executive functions in adults with obesity. It was found that individuals with
BED showed lower executive functioning, characterized by a higher variability in reaction times
and less feedback integration, compared to otherwise healthy individuals with obesity. Contrary to
expectations, there were no differences in executive functioning among individuals with FA, FA/BED,
and obesity only. The results thus suggest a BED-specific, but not a FA-specific, neuropsychological
profile in individuals with obesity. The combined presentation of trait FA and BED was not associated
with greater impairments in executive functioning compared to their single presentations.

The fact that individuals with obesity and BED displayed a significantly higher variability in
their reaction times compared to the OB group is similar to findings showing a high variability in
reaction times in ADHD [62]. ADHD is highly comorbid to obesity and BED and is associated with
comparable neuronal processes [62–64]. In ADHD, it is usually believed that the variability of response
times reflects occasional gaps in attention [62], which could be related to high distractibility, making
an attentional shift and the detection of task-irrelevant stimuli, for example, food cues, more likely.
Another result was the significant and medium-sized difference between the BED and the OB group in
the learning to learn score in the WCST, in accordance with recent research [37]. The negative learning
to learn score indicated that individuals with BED became less rather than more efficient on consecutive
trials of the WCST [57]. Hypothetically, this could be caused by an inability to appropriately integrate
the feedback in order to improve performance, as previously evidenced in BED [29]. Transferred into
everyday life, the deficient processing of feedback to improve performance could be related to a lack
of feedback integration in daily learning, such as feedback given by one’s own body after an objective
binge-eating episode in order to prevent such an episode from occurring again, leaving an individual
without control [65]. In this context, it is worth noting that the BED group did not display heightened
depressive symptoms compared to the OB and FA group. Observed differences between the BED and
OB group can therefore not be attributed to increased general psychopathology, but were related to
BED diagnosis.

Contrary to the two previous studies investigating executive functions in individuals with trait
FA [23,24], demonstrating that higher versus lower FA severity in obesity was related to poorer
decision-making, inhibition, and cognitive flexibility, no other performance score reached significance
in the present study. The hypothesis that individuals with obesity and FA may present with a
specific neuropsychological profile in the obesity spectrum was therefore not supported in this clinical
treatment-seeking sample. It is of note, however, that the FA group mostly presented with mild and
moderate FA symptomatology only, allowing to speculate that FA severity was not high enough to be
accompanied by cognitive impairments in this sample. On the other hand, this result could also reflect
the assumption that BED, as a clinical eating disorder diagnosis, is associated with more cognitive
impairments than subjective trait FA.

The hypothesis of cumulative effects on executive dysfunctions in individuals with FA plus BED
was not confirmed in the present study, since the FA/BED group did not display lower performance
compared to the OB, FA, or BED group in any of the tasks under investigation. Notably, the FA/BED
group reported considerably more depressive symptoms compared to the OB group, with an average in
the range of a major depression [48,49], and thus contradicts neuropsychological evidence of impaired
executive functioning in individuals with depression [66]. However, the underlying mechanisms of this
finding cannot currently be identified. Therefore, this result needs replication in larger, independent
samples of individuals with FA/BED.

4.1. Methodological Considerations

When interpreting the results several strength and limitations have to be mentioned. First, using
well-established measures, the diagnosis of BED was derived from an expert interview, the EDE
17.0D [44,45], and trait FA was assessed via the established self-questionnaire YFAS 2.0 [22,43]. Second,
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the OB group was stratified to the other groups and groups were mutually exclusive regarding trait
FA and objective binge-eating episodes. Third, executive functioning was measured with established,
standardized, and computerized tasks. Critically, the relatively small group sizes have to be mentioned,
as only medium-to-large-sized effects could be detected with adequate power. Additionally, there
might be an assessment bias across diagnostic groups, as FA was assessed with a self-administered
questionnaire, while BED diagnosis was made by clinical expert interview, suggesting that trait FA
and BED mirror different levels of clinical severity. Furthermore, no food-specific tasks were used.
Various studies have shown a stronger association between executive functions in food-related tasks in
relation to binge-eating behavior [30,38]. Lastly it is important to note that the design of this study was
cross-sectional; therefore, causal conclusions about the direction of observed effects are not indicated.

4.2. Implications and Future Directions

The current study identified greater executive dysfunctions in individuals with obesity and
comorbid BED compared to those with obesity only. Clinically, the assessment of eating disorder
symptomatology, specifically a diagnosis of BED, seems therefore indicated in individuals with obesity.
In these individuals, an increase in neuropsychological impairments is likely to interfere with standard
treatment options [8,9] and may thus constitute a specific target for intervention, for example, via
cognitive remediation therapy [41]. Based on this study’s results, an in-depth investigation in the
variability of reaction times (alertness tasks) is indicated, especially considering the effects of food
stimuli, as current research points to an increased attentional bias towards food cues in individuals
with BED e.g., [66,67].

Regarding trait FA, this study revealed no impairments in executive functioning other than
a tendency towards higher choice-impulsivity, which could be related to the high proportion of
individuals characterized by low FA severity in the FA group. Studies investigating executive functions
in individuals with obesity and more severe FA are therefore needed. Alternatively, it could be argued
that similarities in executive functioning between individuals with obesity plus trait FA and individuals
with substance use disorder as recently shown [12] only manifest on a neurobiological [12] and not
on a neuropsychological level. To further differentiate these aspects of addictive-like eating behavior,
future research is warranted to specifically investigate neuronal and neuropsychological overlaps
and distinctive features between trait FA and substance use disorder, especially in the context of
disorder-related stimuli (e.g., food stimuli).

It was surprising that the observed large differences in attentional variability and conceptual
learning between the BED and OB group did not manifest in the FA/BED group, particularly as
this group presented as the most impaired group concerning mental health, with more depressive
symptoms than the OB group. The assessment of trait FA in individuals with versus without BED may
therefore be helpful to determine identify individuals at risk for greater mental health impairment
and in need of more intensive treatment. Further research into the neuropsychological characteristics
of individuals with FA plus BED is however warranted, preferably using larger samples and a
longitudinal study design in order to evaluate the effects of trait FA plus BED on weight trajectories
and treatment outcome in individuals with obesity.
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Abstract: Body dissatisfaction is central to clinically diagnosed eating disorders (ED) and seems to
be important in causing other non-clinical disorders, including orthorexia nervosa (ON). It can also
affect eating behaviors. The aim of this study was to assess the associations of ON tendency with
dietary patterns (DPs) and body satisfaction. The data were collected in 2017 through questionnaire
survey among 1120 students of health-oriented and other academic programs from seven universities
in Poland. Principal components analysis (PCA) was conducted to derive DPs and body satisfaction
factors. Six DPs, such as, ‘High-sugar products & snacks’, ‘Fresh products & nuts’, ‘Fatty products &
dressings’, ‘Oils & potatoes’, ‘Dairy products & whole-meal bread’, ‘Meat’, and two body satisfaction
factors, such as, ‘Bottom body & weight’, and ‘Upper body’ were identified. ON tendency was
measured using ORTO-15 questionnaire with both cut-offs, i.e., 35 and 40. Logistic regression analysis
was used to verify associations between ON tendency, body satisfaction factors, and DPs. More
students of health related majors were characterized by ON tendency in comparison to students of
other majors (35.9 vs. 37.2; p < 0.001). More women were dissatisfied with ‘Bottom body & weight
compared to men (<0.001). The higher the body mass index (BMI), the more people were dissatisfied
with ‘Bottom body & weight’ (p < 0.001). More students with ON tendency were satisfied with their
‘Upper body’ than those without ON tendency, but there were no differences in ON tendency in regard
to ‘Bottom body & weight’ satisfaction. ON tendency was associated with more frequent consumption
of vegetables, fruits, nuts and seeds, and less frequent consumption of products high in sugar, snacks,
fatty products and dressings. Using cut-off at 35 in ORTO-15 seems to be more appropriate than
cut-off at 40 to identify external variables describing ON. Future research on orthorexia nervosa
should use other research tools than ORTO-15 to better identify individuals with ON and to confirm
our findings.

Keywords: dietary patterns; body satisfaction; orthorexia nervosa; students

1. Introduction

Dissatisfaction with one’s body, distorted body image perception and obsession with thinness are
central to clinically diagnosed eating disorders (ED) such as anorexia nervosa (AN), bulimia nervosa
(BN), binge eating disorder (BED) and eating disorders not otherwise specified (EDNOS) [1]. It can
be assumed, that these factors may also contribute to other non-clinical types of disorders including
orthorexia nervosa (ON). ON expresses a pathological interest in healthy food. The healthy behavior
and ON are placed as extreme poles on the continuum scale of states differing in the intensity of
orthorexic symptoms [2].

Nutrients 2019, 11, 100; doi:10.3390/nu11010100 www.mdpi.com/journal/nutrients218
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ON was used to define an unhealthy obsession with healthy eating [3]. Individuals with ON
eliminate certain food products that are perceived by them as unhealthy and impure. They avoid foods
with high content of salt, sugar and fat, foods containing genetically-modified ingredients, herbicides,
pesticides and artificial substances and also non-organic foods. Each meal is prepared with great
concern and attention, often with repetitive activities which are to ensure the safety of food intake.
This obsession is driven by a desire to optimize own health and well-being [4]. Individuals with ON
may be on alternative diets (e.g., vegetarianism, veganism, raw foods, macrobiotics, fruitarianism) [5–7].
Recently, Dunn and Bratman [8] proposed the new criteria of classification of ON containing extreme
preoccupation with healthy eating, restrictive eating behaviors, malnutrition, severe weight loss as a
results of food choices as well as feeling guilt or self-loathing if diet is not followed correctly. However,
no standardized tool for diagnosis currently exists [9–13].

To assess ON, ORTO-15 questionnaire [14] based on Bratman Orthorexia Test (BOT) [4] is widely
used, despite criticism regarding this research tool [7]. Some researchers suggested that ORTO-15
questionnaire may not be able to distinguish pathological behaviors and is not clinically relevant [15].
However, the recent review of the studies using ORTO-15 showed that Cronbach’s alpha coefficients
were ranging from 0.83 to 0.91 [16]. The Italian version of ORTO-15 was translated into several
languages, usually with the use of complicated multistep methods, and then administered to different
samples. The results of confirmatory analysis and other methods allowed researchers to shorten
original ORTO-15 [7]. In this way, the Turkish version of ORTO-11 [10] and ORTO-11-Hu, Hungarian
adaptation of the ORTO-15 [12], were developed. In the original version of ORTO-15, to distinguish
the orthorexic tendency it is recommended to use the cut-off point below 40 [17], and some researchers
followed this recommendation [18,19]. Nevertheless, there are also suggestions to lower the cut-off
point in this test to 35 [11,18]. Lowering the cut-off point would allow distinguishing a group of people
in which the ON symptoms can be clearly identified. Thus, it enables a more effective search for the
ON symptoms, its causes and consequences.

ON reveals several similarities with other eating disorders, such as avoidant/restrictive food
intake disorder (AFRID) [20] and AN [21]. AFRID is characterized by the lack of interest in food,
avoiding food products with specific shapes or colors, or anxiety about the aversive consequences of
eating [22]. Nevertheless, the anxiety about eating results from a response to a preceding traumatic
event (e.g., choking) or an aversive experience (e.g., repeated vomiting) [22,23] and not from excessive
concerns for health as in ON. In contrast, AN and ON share traits of perfectionism, cognitive rigidity,
high co-morbid anxiety, and need for control of life transferred to eating [5,21]. Both patients with
AN and patients with ON perceive their behaviors as ego-syntonic [24]. Nonetheless, patients with
ON are concerned about food quality rather than food quantity in contrast to patients with AN [25].
In addition to AN characteristics, individuals with ON may evince obsessive-compulsive disorders
(OCD) [26] due to burdensome obsessions (e.g., intensive meal planning, intrusive thoughts of food)
and compulsions (e.g., exact measuring and weighing of food). However, the obsessions in OCD are
described as ego-dystonic [6].

ON may lead to severe physical and psychological complications such as, caloric deficit, lack
of vitamins and minerals, gastrointestinal problems, stomach inflammation, anemia, osteopenia,
hyponatremia, pancytopenia, heart failure, significant distress, and social isolation [2,5,27,28]. However,
ON is still not diagnosed well and not recognized in the Diagnostic and Statistical Manual of Mental
Disorders DSM-5 [1]. Thus, further research is needed to better understand the symptoms of ON [27,29].

Despite certain similarities between AN and ON, some researchers suppose that ON is not
associated with weight control [24,30]. Nevertheless, young people are often dissatisfied with
their bodies [31,32], and such negative body image may put them at severe health risk because
it strongly predicts the development of disordered eating [33]. It has been showed that females
with ON were characterized by striving for thinness, lower body satisfaction, and lower body
acceptance [34]. Previous studies have shown that increased ON symptomatology was associated with
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calorie restriction and preoccupation with weight [10,13,18,35–39]. Nevertheless, the relationship of
ON and body satisfaction requires further research.

Orthorexic individuals represented very specific eating habits, among others they avoid foods
that may include genetically modified ingredients or pesticides, foods high in salt or sugar, and foods
high in fat [24,40]. Previous research has shown that individuals eating whole wheat cereals, as well
as fruits and vegetables more frequently were characterized by higher ON tendency compared to
others [41]. However, despite the fact that ON is characterized by very specific eating behaviors,
still little is known about food intake frequency in relation to this disorder [12,41]. To the best of our
knowledge, the relationship between dietary patterns (DPs), body satisfaction and ON tendency was
not examined. Therefore the aim of our study was first, to estimate the orthorexic tendency among
students of different college majors, and second, to find the associations between ON tendency, body
satisfaction, and dietary patterns in students taking into account gender, body mass index (BMI)
and college majors, and third to recognize the usefulness of both cut-offs used to identify orthorexic
tendency (at 35, and 40 points in ORTO-15) in the determination of external variables describing ON
symptoms including dietary patterns and body satisfaction.

2. Materials and Methods

2.1. Ethical Approval

The study protocol was approved by the Ethics Committee of Faculty of Human Nutrition and
Consumer Science, Warsaw University of Life Sciences (Resolution number 45/2017). Informed
consent to participate in the study was collected from all participants.

2.2. Participants and Procedure

The study sample was selected in seven universities from Poland. The survey was conducted
during lectures by a trained person. The teacher left the room after consenting to the survey among
students. The persons participating in the study were informed about the purpose, course and duration
of the study, as well as about the possibility of resigning from the study at any stage without bearing
any legal liability. Participation in the study was voluntary. The questionnaire took approximately
15 min to complete. In total, 1300 students of health-oriented and other academic programs were
invited to participate in the study. Male and female students at the age from 18 to 35 years old were
included in the sample. As a result of incomplete questionnaires, 162 participants were excluded from
the sample. Moreover, 18 students were excluded from the sample as they were older than 35 years
old. Finally, the sample consisted of 1120 students who completed questionnaires correctly. The data
were collected in 2017.

2.3. Questionnaire

The ORTO-15 questionnaire [19] was used to identify the ON tendency. The Polish version
used in our study was adapted from the original Italian ORTO-15 [14], and has good repeatability
and satisfactory reliability (Cronbach’s alpha 0.70–0.90) [19]. The ORTO-15 is a validated measure
consisting of 15 items that assesses beliefs about the perceived effects of eating healthy food, attitudes
conditioning food selection, habits regarding food consumption, and the extent to which food concerns
affect daily life [24]. Responses expressing the obsessive attitude of the individuals in choosing,
buying, preparing and consuming food are scored on a 4-point scale (always, often, sometimes,
never). Responses indicating ON symptoms were scored 1, while responses describing adequate eating
behaviors were scored 4. The sum of scores was calculated for each participant with a minimum of
15 and a maximum of 60.

The Questionnaire of Body Particular Parts and Parameters Satisfaction [42] was used to
measure body satisfaction. This tool was developed and then validated in the Polish population.
The obtained reliability index for the entire scale was considered satisfactory (Cronbach’s alpha
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0.86) [42]. Respondents defined the satisfaction level with particular body parts on a nine-point scale,
where: 1—totally dissatisfied; 5—neither dissatisfied nor satisfied; 9—totally satisfied. The following
parts of the body were included in the questionnaire: face; shoulders; breast/chest; waist/midsection;
abdomen; hips; thighs; legs; weight and height of body.

The Food Frequency Questionnaire (FFQ-6) was applied to determine respondents’ dietary
habits [43]. The FFQ-6 was validated in females aged 13–21 years old [43] and in both men and
women aged 21–26 years old [44]. The FFQ-6 covered the diet thoroughly, including many of the
most popular dishes consumed in Poland. The FFQ contained a list of 165 products and dishes which
represented such food groups as: sweets and snacks; dairy products and eggs; cereal products; fats;
fruits; vegetables and grains; meat and fish products; beverages. The frequency of food consumption
throughout the year preceding the study was assessed. For this analysis, 26 products and dishes
were chosen, including: sugar; chocolate, chocolate candies and chocolate bars; non-chocolate candies;
biscuits and cookies; salty snacks; milk and natural milk drinks; sweetened milk drinks; cheese;
whole-meal bread; refined bread; oils; butter; margarine; sour cream and sweet cream; other animal
fats; mayonnaise and dressings; fresh fruits; processed fruit products; fresh vegetables; potatoes;
nuts; grains and wheat germ; red meat; poultry meat and rabbit meat; fatty fish; sweetened fizzy
drinks. When selecting 26 products, the results of other studies on the relationship between body
dissatisfaction and consumed foods were taken into account [45,46]. In addition, the choice of items
resulted from their importance in diet of individuals with ON tendency. FFQ-6 included six categories
of food intake frequency: never or almost never (1 points); once a month or less frequently (2 points);
several times per month (3 points); several times per week (4 points); every day (5 points); and several
times per day (6 points).

Socioeconomic profile of participants was assessed based on questions regarding gender, age
(in years), place of residence, and college major. Body Mass Index (BMI) was calculated using
self-reported weight and height and categorized accordingly World Health Organization [47] into four
groups: underweight (BMI < 18.5 kg/m2), normal weight (18.5 ≤ BMI ≤ 24.9 kg/m2), overweight
(25.0 ≤ BMI ≤ 29.9 kg/m2) and obesity (BMI ≥ 30.0 kg/m2).

2.4. The Sample Characteristics

The characteristics of the sample are presented in Table 1. The sample included 1120 college
students, of which 70.4% were female and 29.6% were male. The highest number of participants were
younger than 20 years old (36.1%). Majority of the students lived in cities (71.6%). More participants
were enrolled in bachelor or engineering studies (88.7%) than in master studies (11.3%). Almost a
half of the sample (48.8%) represented health related majors (Food Technology and Human Nutrition,
Dietetics, Physiotherapy, Physical Education and Wellness) and 51.2% were students of other majors.
The majority of participants had normal weight (72.9%).

Table 1. Sociodemographic characteristics of the study sample.

Variables N = 1120 %

Gender
Female 789 70.4
Male 331 29.6

Age

18–19 404 36.1
20–22 388 34.6
23–25 253 22.6
26–35 75 6.7

Place of residence
Village 318 28.4

City ≤ 100.000 citizens 319 28.5
City > 100.000 citizens 483 43.1

Level of studies
Bachelor or engineering studies 994 88.7

Master studies 126 11.3
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Table 1. Cont.

Variables N = 1120 %

College major Health related 547 48.8
Non health related 573 51.2

BMI categories

Underweight 123 11.0
Normal weight 817 72.9

Overweight 154 13.8
Obesity 26 2.3

N—number of participants, BMI—body mass index.

2.5. Data Analysis

Descriptive statistics including frequency distributions and cross-tabulations were carried out.
The Principal Component Analysis (PCA) was applied to identify body satisfaction factors and dietary
patterns (DPs), separately. The factors were orthogonally rotated (the varimax option) to maintain
uncorrelated factor variables. The number of factors was based on the following criteria: components
with an eigenvalue of 0.1, scree plot test and the interpretability of the factors. The factorability of data
was confirmed with Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy and Bartlett’s test of
sphericity achieving statistical significance. Bartlett’s tests have a significance of p < 0.001 for both data.
KMO value for body satisfaction data was 0.862 and for dietary data was 0.842. Factor loadings higher
than 0.4 assure that the variables extracted are shown through a specific factor, therefore both food
items and body parts with factor-loadings of at least 0.50 have been taken into consideration and used
to label the dietary patterns and body satisfaction factors, respectively [48].

Two body satisfaction factors were identified: ‘Bottom body & weight’ and ‘Upper body’. Total
variance explained was 57.6%. The factor-loading matrix for the body satisfaction identified by
principal component analysis (PCA) is presented in detail in Table 2.

Table 2. Factor-loading matrix for the body satisfaction factors identified by principal component
analysis (PCA).

Variables Bottom Body & Weight Upper Body

Waist/midsection 0.617 0.438
Abdomen 0.692 0.321

Hips 0.800 0.261
Thighs 0.853 0.137
Legs 0.795 0.141

Weight 0.758 0.436
Face 0.186 0.715

Shoulders 0.282 0.666
Breasts/chest 0.064 0.750

Variance Explained (%) 46.0 11.6
Total Variance Explained (%) 57.6

Kaiser’s Measure of Sampling Adequacy 0.862

Bolded values are marked for the main components of PCA-derived body satisfaction factors with absolute
loadings ≥ 0.5.

Six dietary patterns were identified: ‘High-sugar products & snacks’, ‘Fresh products & nuts’,
‘Fatty products & dressings’, ‘Oils & potatoes’, ‘Dairy products & whole-meal bread’, and ‘Meat’. Total
variance explained was 51.3%. For each factor the explained variance was: 19.1%, 10.9%, 6.7%, 5.4%,
4.8%, and 4.4%, respectively. The factor-loading matrix for the DPs identified by principal component
analysis (PCA) is presented in detail in Table 3.
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Respondents allocated to each of the dietary patterns were divided into three groups based on
tertile distribution: bottom, middle and upper tertile. Participants in the upper tertile had the strongest
adherence to the pattern.

Two categories within each body satisfaction factors, such as, satisfaction and dissatisfaction,
were created using factor scores obtained with regression approach. The factor scores of 0 and below is
interpreted as ‘dissatisfaction’, whereas the value above 0 as ‘satisfaction’ with body.

According to Donini et al. [14], a score lower than or equal to 40 indicates ON tendency, while
higher scores inform about adequate eating behaviors. Whereas according to Ramacciotti et al. [11],
a cut-off at 35 provides a lower and more accurate estimate of ON tendency, than the cut-off at 40.
Both cut-offs were included in our study. Cronbach’s alpha for ORTO-15 was 0.7.

The differences between groups were verified by Chi-square test (the ON tendency groups versus
sociodemographic characteristics, including gender, age bracket, place of residence, level of studies,
college major and BMI categories); student’s t-test (mean score of ORTO-15 versus gender and college
majors); the one-way analysis of variance ANOVA (mean score of ORTO-15 versus BMI categories).

A simple logistic regression analysis was applied to the models verifying associations between
ON tendency, body satisfaction, and DPs. The odds ratio (OR) and 95% confidence interval (95% CI)
were calculated. Such dichotomous variables as ON tendency, ‘Bottom body & weight’ and ‘Upper
body’ have been introduced into models as dependent variables. The independent variables in the
models were dietary patterns. The OR calculated for each independent variable represents the odds
ratio between a given variable level (the upper tertile of each dietary pattern), and the adopted
level of reference (the bottom tertile—OR = 1.00) while the remaining explanatory (independent)
variables remain constant. The adjusted models were developed for the potential confounders, such as,
gender (categorical, female/men), age (continuous, years), place of residence (categorical, village/city
≤ 100.000 citizens/city > 100.000 citizens), level of studies (categorical, bachelor or engineering
studies/master studies), college major (categorical, health related/non health related), and BMI
(continuous, kg/m2). The level of significance of the odds ratio was assessed with a Wald test.
A p-value ≤ 0.05 was considered statistically significant for all tests. All analyses were carried out
applying sample weights to adjust for non-response and missing data. All analyses were performed
using SAS 9.4. software (SAS Institute, Cary, NC, USA).

3. Results

3.1. Orthorexia Nervosa Tendency and Body Satisfaction across Gender, BMI and College Major

The ON tendency was observed among 75.0% of the sample when the cut-off at 40 was used.
However, only 28.3% of students showed ON tendency when the cut-off at 35 was implemented.
Mean value of ORTO-15 was 36.6 (standard deviation 4.2). More than a half of participants were
satisfied with both ‘Bottom body & weight’ (52.9%) and ‘Upper body’ (51.4%). Twice more females
than males were dissatisfied with ‘Bottom body & weight’ (p < 0.001). There were no significant
differences in ON tendency and ‘Upper body’ satisfaction between gender groups (Table 4).

The differences between BMI categories regarding ‘Bottom body & weight’ satisfaction were
observed (<0.001). The higher the BMI, the more people were dissatisfied with ‘Bottom body & weight’.
No significant differences were observed between BMI categories in regard to the ON tendency
(regardless of the cut-off point) and ‘Upper body’ satisfaction (Table 5).

Students of health related majors (35.9 ± 4.1) scored significantly lower in ORTO-15 than students
of other majors (37.2 ± 4.2). More students of health related majors (79.3%) than students of other
majors (70.9%) displayed ON tendency (cut-off at 40). Similarly, such difference was observed with the
cut-off at 30 (32.9 and 23.9%, respectively). There were no significant differences both in ‘Bottom body
& weight’ and ‘Upper body’ satisfaction across the college majors (Table 6).
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3.2. Orthorexia Nervosa Tendency and Body Satisfaction

More students with ON tendency were satisfied with their ‘Upper body’ in comparison with
students without ON tendency. There was not a significant difference in ‘Bottom body & weight’
satisfaction in respect to ON tendency. Such relationships were demonstrated for categories identified
using both cut-offs (p = 0.027 and p = 0.005, respectively at 40 and 35) (Table 7).

3.3. Associations between Orthorexia Nervosa Tendency, Body Satisfaction and Dietary Patterns

The results from the adjusted model have demonstrated that students who consumed high-sugar
products and snacks most often (the upper tertile of DP) were less likely to display ON tendency,
regardless of the cut-off point. Odds Ratio (OR) was higher at the cut-off at 35 points compared to
the cut-off at 40 points (0.32 and 0.34, respectively). In addition, students in the upper tertile of ‘Fatty
products & dressings’ pattern were less likely to display ON tendency compared to those in the bottom
tertile of this DP. However, Odds Ratio (OR) was lower at the cut-off at 35 compared to the cut-off at 40
(0.52 and 0.59, respectively). In contrast, students in the upper tertile of ‘Fresh products & nuts’ were
more than twice as likely to have ON tendency compared to those in the bottom tertile of this DP. Odds
Ratio (OR) was higher at the cut-off at 35 compared to the cut-off at 40 (2.49 and 2.30, respectively)
(Table 8).
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Students in the upper tertile of ‘High-sugar products & snacks’ were more likely to be dissatisfied
with their ‘Upper body’ ((OR) 1.75, 95% CI: 1.29–2.37) compared to those in the bottom tertile. Students
who consumed fresh products and nuts most often (the upper tertile of ‘Fresh products & nuts’) were
less likely to be dissatisfied with their ‘Upper body’ ((OR) 0.65, 95% CI: 0.48–0.88) than those in the
bottom tertile. No significant associations between ‘Bottom body & weight’ satisfaction and DPs were
revealed (Table 8).

4. Discussion

In our study we attempted to assess the occurrence of the ON tendency amongst students, who,
due to their young age, are prone to developing incorrect eating behaviors [49]. Our results obtained in
the ORTO-15 test for the cut-off of 40 are in accordance with other studies [12,38,50,51]. After reducing
the cut-off limit to 35 points, there was almost a three-fold decrease in the number of people with ON
tendency (from 75.0% to 28.3%). Other researchers also pointed out the validity of lowering the cut-off
below 35 points in the ORTO-15 test [11,18].

Previous research indicate that the occurrence of ON is more common among students of
medicine [10], exercise science [52], dietetics [53] and majors related to nutrition [9]. Our results
also confirm these observations in relation to health-related majors. Both the percentage of people with
ON symptoms and the mean value of ORTO-15 indicate differences between students of majors related
to health and the rest of participants, but these differences were not of clinical significance. However,
they can be used in the development of education programs. Students of health-related majors acquire
knowledge about the principles of adequate nutrition and health consequences resulting from their
non-observance. In addition, they use other sources of information (e.g., Internet sources) about food
and its impact on health [54]. This may result in the application of strict nutritional rules aimed at
maintaining health or normal body weight, however this can also lead to the development of eating
disorders [55,56].

Our study did not reveal differences in the occurrence of ON tendency between the categories
identified due to BMI, both for the cut-off limit at 35, and at 40 points in the ORTO-15 test. Previous
research did not confirm the association between ON and BMI as well [36,57,58], which indicates
the distinctiveness of ON from AN in terms of this index [21,24,59,60]. Excessive concentration of
people with the ON tendency on the quality of food [24] does not have to be combined with control
of the amount of food consumed. In studies on stereotypical thinking about healthy food, it was
shown that when people assessed its impact on weight gain mainly the health-related properties
of the food consumed were taken into account and not its quantity [61,62]. The lack of association
between orthorexic symptoms and BMI, but also stereotypical thinking of healthy food as good for
body could therefore suggest that encouraging the choice of healthy food is not sufficient to limit
overweight and obesity. The recommendation to choose healthy food has to be supplemented with the
recommendation to control the amount in which healthy food is consumed.

The results of our study revealed the relationship of BMI with the student’s satisfaction with
‘Bottom body & weight’, with the highest number of underweight individuals being satisfied with
‘Bottom body & weight’. Likewise Goswami et al. [63] we observed a higher level of body satisfaction
among the respondents with BMI < 18.5 kg/m2 in comparison to people with higher BMI (>25 kg/m2).
The majority of obese people were dissatisfied with their ‘Bottom body & weight’, which may result
from excess of body fat deposited especially in the lower body parts, as well as excessive body weight.
The overweight or obese individuals may experience strong stigma and discrimination due to weight
and size of their body, leading them to focus increasingly and obsessively on dieting for weight
loss and body dissatisfaction [64]. Low body satisfaction may lead to development of an ED, as
well as to sadness, low self-esteem and depression [49]. However, it is alarming that among people
with a normal body weight, almost half were dissatisfied with ‘Bottom body & weight’, which may
lead them to implementing dietary restrictions. An important factor causing the lack of satisfaction
with one’s own body is the internalization of information provided by parents, peers and mass
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media [65]. Interestingly, the messages addressed to men and women significantly differ from each
other [66]. In the case of women, the information transmit the pressure of having a slim figure.
For men, the pressure concentrates on having an athletic and muscular body. Dissatisfaction with
one’s own body may stem from the inability to meet the imposed ideals [67]. Women internalize
messages regarding the body image more often and they tend to be more severe judges of their looks
in comparison to men [68–70]. This tendency occurs alike among children [71], adolescents [72], and
grown-ups [73]. The lack of associations between body satisfaction and BMI demonstrated in our study
can be used in the development of messages aimed at reducing obesity. In order to encourage people
to maintain or reduce weight, both health and body satisfaction should be emphasized as resulting
from controlling one’s diet. Body satisfaction would be presented as a result of the action undertaken,
and at the same time a reward for the effort made, which may increase the effectiveness of the process
of behaviors’ change.

Although more women than men experience ED [74–77], our results did not confirm the
relationship between gender and ON tendency regardless of the cut-off point used in the ORTO-15
test. Previous studies also did not show any definite relationship between gender and ON. Some
research papers have pointed to a higher incidence of ON among men [10,14,78], whereas others
observed it more often in women [26,36,79]. Considerable number of publications, like our study, did
not indicate any significant relationship between gender and ON [80,81]. The discrepancies in results
may be related to the specificity of ON. An unhealthy obsession with proper nutrition resulting from
the preoccupation with one’s health is the main characteristic of ON [3,4]. The increasing awareness of
the relationship between nutrition and health induces growing interest in this issue [82], which may
favor the application of strict nutrition rules regardless of gender. Their use can reach the pathological
level and turn into ON, also regardless of gender. In the case of ED, such as AN or BN, dissatisfaction
with body image, fear of obesity and distorted assessment of body dimensions are the main factors
affecting the formation of these disorders [1]. Thus, women who are generally less satisfied with the
image of their own body constitute a group that is particularly vulnerable to this type of disorders.

Previous studies did not indicate a connection between the negative image of one’s body and
ON [30,83], but the fact that the perception of one’s own body is a frequent cause of changing one’s
eating behaviors has prompted us to include this variable in our study. The obtained results indicate
the lack of relationship between ON tendency (both cut-offs in ORTO-15 test) and satisfaction with
own body, but only in regard to ‘Bottom body & weight’. In ED, concerns about the body image refer
primarily to those parts of the body (i.e., abdomen, hip, thighs and buttocks) in which fatty tissue
accumulates [42]. The lack of this relationship could confirm the differences between ON and BN,
due to the lack of a characteristic symptom of AN and BN (i.e., body dissatisfaction). Nevertheless,
our results indicate a relationship of satisfaction with the upper body with ON tendency. Higher
satisfaction with the upper body of people with ON tendency may result from the fact that they
eliminate products with a high sugar content and processed food from their diet [3,4], which may
affect skin condition adversely [84]. Our results confirm that the respondents from the upper tertile
of ‘High-sugar products & snacks’ pattern were more likely to be dissatisfied with upper body and
those in the upper tertile of ‘Fresh products & nuts’ pattern were less likely to be dissatisfied with
upper body. Thus, the restrictions introduced by people with ON tendency can positively affect the
skin condition of these parts of the body, and thus increase the satisfaction with their body.

Our research has pointed to the lower risk of ON tendency (regardless of the cut-off limit in
ORTO-15) among the respondents in the upper tertile of ‘High-sugar products & snacks’ and ‘Fatty
products & dressings’ patterns. People with ON avoid foods rich in sugar, fat and salt [13,24,41],
which is confirmed by our results. In addition, in our study greater ON tendency (for both cut-offs
in ORTO-15 test) in people from the upper tertile of ‘Fresh products & nuts’ pattern was observed.
An earlier study also showed higher intake of vegetables and fruits among people with ON [12].
Our results did not confirm the relationship between ‘Meat’ DP and ON tendency, regardless of the
cut-offs used in ORTO-15. Some researchers suggest that vegetarian diet does not lead directly to ED,
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however, the prevalence of ON among vegans and vegetarians is higher than among people who eat
meat [85–88]. It seems that only the complete elimination of meat from the diet, and not the varied
frequency of its consumption may be the reason for the more frequent occurrence of ON tendency
among vegans and vegetarians. However, further research into ON should be carried out in the context
of the use of alternative diets.

The use of both cut-off points in our analysis (at 35 and at 40 points in ORTO-15) in the
determination of ON tendency has not provided us with findings which we expected. There were no
major differences in the results after applying both cut-offs, except for the estimation of the occurrence
of ON tendency. The differences shown in the dietary patterns after taking into account both cut-off
points in ORTO-15 were only minimal. However, slightly higher chances of representing the upper
tertile of ‘Fresh products & nuts’ and lower chances of representing the upper tertile of ‘Fatty products
& dressing’ were observed in people with higher symptoms of ON when the cut-off at 35 was used,
which is also confirmed in other studies [12,13,24,41]. Although the use of cut-off at 35 in ORTO-15
seems more appropriate to diagnose external variables describing ON, further studies are needed to
confirm our results.

Strengths and Limitations

The strength of our results is a relatively large sample of Polish students. Although our findings
are specific to Polish cultural background and should not be generalized to populations of students
of various nationalities, the findings could be of potential use in further research on ON tendency
and its symptoms, especially when methodological issues are concerned. We believe that including
body satisfaction and dietary patterns in the study brought a wider perspective on symptoms of
ON tendency.

Nevertheless, there are several limitations within the study. The first limitation of the current study
is carrying out the survey in lectures, which limited the anonymity of the respondents. The literature
suggests that anonymity may enhance the accuracy of disclosure among college students for questions
of a sensitive nature [89]. Secondly, the self-reported weight and height could have led to an inaccurate
body mass index classification. The ability to self-report weight and height data may be influenced by
sociodemographic features such as age, gender and economic status [90]. Next, the three identified
dietary patterns explained only 5.4% or less of the total variance in the dietary intake data, which is
lower compared to another studies undertaking similar type of analyses [91,92]. This value may be
a results of the inclusion of a high numbers of variables in the PCA [93]. Finally, the cross-sectional
design of the present study and data collection at a single point in time did not allow conclusions to be
drawn about causality, but only on the associations of ON tendency with both dietary patterns and
body satisfaction. Moreover, using the ORTO-15 for examining ON tendencies can be questioned due
to its limitations [94,95].

5. Conclusions

The results of our study indicate that there was no body dissatisfaction among people with
ON tendency. What’s more, people with ON tendency were more satisfied with their upper body in
comparison to people with no orthorexic characteristics. In addition, there was no relationship between
ON tendency and BMI. The obtained results do not confirm the suggested relationship between ON
and AN due to the lack of ON relationship with dissatisfaction with one’s body and BMI. However,
further research in this area is needed in order to confirm the relationship between the one’s body
satisfaction and ON in different populations, including youth that does not attend college, adults and
people with ED. Moreover, the assessment of the relationship of ON tendency with dietary patterns
allowed characterizing dietary behaviors of people with ON tendency, which may be important in the
development of educational programs and nutritional interventions directed to people with ON.

The use of both cut-off points for results obtained in ORTO-15, and then their inclusion in the
analyses suggests the legitimacy of using the cut-off point 35, because it results in a decrease in the
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number of people with ON tendency. However, in the diagnosis of ON symptoms such as body
satisfaction and dietary patterns, there were no major differences from the cut-off point at 40. This can
confirm the limitations of the ORTO-15 demonstrated by other researchers. Future research on ON
should use other research tools than ORTO-15 to identify individuals with ON and to confirm our
findings. Simultaneously, research should be intensified in order to create a new tool for better
identification of ON and its symptoms, both behavioral and related to psychological characteristics.
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39. Asil, E.; Sürücüoğlu, M.S. Orthorexia Nervosa in Turkish Dietitians. Ecol. Food Nutr. 2015, 54, 303–313.
[CrossRef]

40. Sellin, J. Dietary Dilemmas, Delusions, and Decisions. Clin. Gastroenterol. Hepatol. 2014, 12, 1601–1604.
[CrossRef]
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Abstract: Binge-eating disorder (BED) is the most common eating disorder, characterized by rapid,
recurrent overconsumption of highly palatable food in a short time frame. BED shares an overlapping
behavioral phenotype with obesity, which is also linked to the overconsumption of highly palatable
foods. The reinforcing properties of highly palatable foods are mediated by the nucleus accumbens
(NAc) and the ventral tegmental area (VTA), which have been implicated in the overconsumption
behavior observed in BED and obesity. A potential regulator of binge-type eating behavior is the G
protein-coupled receptor neuromedin U receptor 2 (NMUR2). Previous research demonstrated that
NMUR2 knockdown potentiates binge-type consumption of high-fat food. We correlated binge-type
consumption across a spectrum of fat and carbohydrate mixtures with synaptosomal NMUR2 protein
expression in the NAc and VTA of rats. Synaptosomal NMUR2 protein in the NAc demonstrated a
strong positive correlation with binge intake of a “lower”-fat (higher carbohydrate) mixture, whereas
synaptosomal NMUR2 protein in the VTA demonstrated a strong negative correlation with binge
intake of an “extreme” high-fat (0% carbohydrate) mixture. Taken together, these data suggest that
NMUR2 may differentially regulate binge-type eating within the NAc and the VTA.

Keywords: binge-eating disorder; BED; obesity; binge-type eating; neuromedin U receptor 2; NMUR2;
nucleus accumbens; ventral tegmental area

1. Introduction

Binge-eating disorder (BED) is an under-recognized public health problem that is prevalent
worldwide [1,2]. In the US, BED affects 3.5% of adult women and 2% of adult men, with a combined
lifetime prevalence of 1.4% [1,2]. Although BED is the most common eating disorder, it remains
both under-diagnosed and understudied [2]. Therefore, a more mechanistic appreciation of feeding
behaviors that contribute to BED is critical to understanding disease etiology, and for identifying
potential pharmacotherapeutic targets.

BED is characterized by binge episodes when an individual overconsumes highly-palatable food
in a discrete period of time (≤2 h) [3–5]. The frequency of these binge episodes is a hallmark of BED
and is used to determine the disease’s severity [3–5]. BED is partially attributed to the increased
availability of highly palatable food, and also shares physiological, psychological, and epidemiological
overlaps with obesity [1,4,6–10].
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Obesity is an alarming health crisis that affects 39.8% of adults within the US alone [11]. Obese
individuals present a challenging public health problem due to the increased risk of life-threatening
co-morbidities [12]. Thus, the health burden of obesity is immense and demands an improved
understanding of the feeding behaviors that contribute to obesity. Similar to BED, one of the feeding
behaviors that contributes to obesity is the overconsumption of highly palatable food.

Highly palatable food, including high-fat food, is both energy dense and highly reinforcing in
humans and rodents [13]. These reinforcing properties promote overconsumption behavior that is
potentiated by dysregulation in portion control [14–17]. In fact, individuals with BED ascribe higher
reinforcement value to high-fat food than individuals without BED [18]. The reinforcing properties of
food are largely encoded by brain regions within the mesolimbic “reward” pathway, which includes
the nucleus accumbens (NAc) and the ventral tegmental area (VTA) [19,20]. Both the NAc and the
VTA have been implicated in BED and obesity [2,9,19–25]. Reinforcement value is mediated by the
NAc—a key neuroanatomical region that regulates hedonic feeding, or food intake in the absence of
a caloric deficit [9,19,20]. The VTA is also linked to reinforcement value, and affects obesogenic diet
consumption [26].

Overall, BED and obesity share multifaceted feeding behaviors involving multiple brain
circuits that regulate a complex interplay of emotions, food intake, and food reinforcement. These
feeding behaviors can be probed using animal models designed for quantifying specific aspects
of these diseases. Models of binge-type eating have been validated in rodents, demonstrating
success in studying the overconsumption behavior characteristic of both BED and obesity [27–35].
The intermittent access model provides ad libitum access to regular chow and water, with limited
presentation of a highly palatable food, which simulates a binge episode, similar to that observed in
BED and obesity [27,29,30,32,33,35]. While this model can recreate and quantify food intake during a
binge episode, it does not replicate the psychological aspects of BED, such as feelings of loss of control
and feelings of shame and guilt [2–5]. Nonetheless, this model is helpful in understanding neural
mechanisms underlying binge-type consumption and identifying potential regulators of this specific
maladaptive feeding behavior.

Here, we investigate a novel mediator of binge-type eating, the neuropeptide receptor neuromedin
U receptor 2 (NMUR2). NMUR2 is a G protein-coupled receptor predominantly expressed throughout
the mammalian central nervous system. This receptor is known to regulate food intake and body
weight [36–40]. For example, NMUR2-knockout mice are hyperphagic and demonstrate increased
food intake patterns [41]. Additionally, deletion of hypothalamic NMUR2 via viral-mediated RNAi
resulted in increased motivation for high-fat food and potentiated binge-type eating [32,42]. These
studies indicate that NMUR2 regulates food intake—a process that is dysregulated in BED and obesity.
Interestingly, the role of NMUR2 in reinforcement brain centers such as the NAc and VTA in binge-type
eating has not been explored.

Importantly, the endogenous expression of NMUR2 is highly variable among individuals and
among various brain regions [41,43,44]. Neuroanatomical variability and individual differences in
NMUR2 expression may underlie aspects of individual differences observed in BED and obesity [45].
The purpose of the current study was to explore relationships between synaptosomal NMUR2
expression in the NAc and the VTA—key brain regions associated with reinforcement—in a rodent
model of binge-type eating across a spectrum of dietary fat and carbohydrate contents. Our findings
revealed a strong positive correlation between the intake of “lower”-fat (i.e., higher carbohydrate) food
and synaptosomal NMUR2 protein expression in the NAc, and a strong negative correlation between
the intake of “extreme” high-fat (0% carbohydrate) food and synaptosomal NMUR2 protein expression
in the VTA.
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2. Materials and Methods

2.1. Animals

Male Sprague-Dawley rats (Harlan, Houston, TX, USA) weighing 225–250 g were used in all
experiments. Animals were housed individually in a temperature (i.e., 21–23 ◦C) and humidity
(40%–50%) controlled environment with a standard 12 h light–dark cycle (lights on between 06:00
and 18:00 h). All animals were given ad libitum access to normal chow (17% fat by kcal; Teklad
LM-485 Mouse/Rat Sterilizable Diet; Teklad Diets, Madison, WI, USA) and water in their home cages,
including during binge sessions. Upon arrival, animals were allowed to acclimate to the room for seven
days prior to handling and experimental procedures. All experiments were conducted in accordance
with the NIH Guide for Use and Care of Laboratory Animals (2011), and with approval from the
Institutional Animal Use and Care Committee at the University of Texas Medical Branch.

2.2. NMUR2 Immunohistochemistry

Rats (n = 4) were anesthetized with 1%–5% isoflurane, perfused with phosphate buffered saline
for 5 min, followed by 4% paraformaldehyde (PFA) for 15 min. Brains were removed and sliced into
40 micronsections using a cryostat. NAc and VTA sections were stained as described in previous
studies [33,43,46]. Briefly, sections were washed twice in 1× PBS, and then antigen-unmasked with 1%
SDS for 5 min. Next, sections were blocked in donkey serum and incubated in 1:150 primary antibody
rabbit αNMUR2 (NBP1-02351, Novus Biologicals, Littleton, CO, USA) overnight. The following day,
sections were washed three times in 1X PBS, then incubated with 1:200 donkey αrabbit IgG Alexa Fluor
568 (A10042, Invitrogen, Carlsbad, CA, USA). Images were acquired using Leica True Confocal Scanner
SPE in confocal mode and Leica Application Suite × software (Leica Microsystems, Wetzlar, Germany).

2.3. Binge Study Design

Our binge-type eating protocol was based on previously published models [27,29,32,33,35]. Briefly,
male Sprague-Dawley rats (n = 10) were maintained on a diet of normal chow (17% fat by kcal) and
water. Rats were not restricted from feeding prior to the binge period, and had ad libitum access to
normal chow and water throughout the study, including during the binge period. Two days prior
to experiments, animals were exposed to a mixture of 60% fat by kcal and 40% carbohydrate by kcal
to minimize food neophobia. Fat–carbohydrate mixtures were prepared and weighed immediately
before the binge period. Vegetable shortening (Crisco, Orrville, OH, USA) comprised of 100% fat
by energy (110 kcal/12 g serving with 110 kcal from fat; 9.16 kcal/g) was mixed with marshmallow
creme (Kraft, Chicago, IL, USA), containing 100% carbohydrate by energy (45 kcal/13 g serving with
0 kcal from fat; 3.46 kcal/g) to create a total of five fat mixtures of varying fat–carbohydrate content.
The fat–carbohydrate mixtures were prepared as follows: 2.18 g fat and 23.12 g carbohydrate were
mixed for 20% fat/80% carbohydrate/0% protein by energy, 4.36 g fat and 17.34 g carbohydrate were
mixed for 40% fat/60% carbohydrate/0% protein by energy, 6.55 g fat and 11.56 g carbohydrate were
mixed for 60% fat/40% carbohydrate/0% protein by energy, 8.73 g fat and 5.78 g carbohydrate were
mixed for 80% fat/20% carbohydrate/0% protein by energy, and 10 g fat and 0 g carbohydrate was
used for 100% fat/0% carbohydrate/0% protein by energy. One limitation is that the marshmallow
creme does contain any flavoring. However, the consistency and texture of the marshmallow creme
were required to promote homogeneity among the mixtures.

Rats were randomized into five groups using a Latin square design, with each animal receiving
all fat–carbohydrate mixtures in a randomized order. Each group was presented with mixtures
of 20% fat (80% carbohydrate), 40% fat (60% carbohydrate), 60% fat (40% carbohydrate), 80%
fat (20% carbohydrate), and 100% fat (0% carbohydrate) for a period of 5 days. Exposure to
fat–carbohydrate mixtures occurred during binge 1 at the first 2-h of the dark cycle (18:00–20:00) and
binge 2 at 2-h near the end of the light cycle (14:00–16:00). For all exposures, fat–carbohydrate mixtures
were weighed prior to presentation and then immediately after the 2-h binge period. Differences
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in food weight were interpreted as total grams consumed or total calories consumed during the
binge period.

2.4. NAc and VTA Protein Extraction

After the completion of binge studies, rats (n = 10) were anesthetized with 1%–5% isoflurane,
and brains were removed. Both NAc and VTA were microdissected from each rat, using guidance from
a rat brain atlas [26,44,47], then stored at −80 ◦C until protein extraction. The crude synaptosomal
protein fraction was isolated as previously published to identify long-term changes in protein
expression [48]. NAc and VTA tissue were homogenized in ice-cold Krebs-sucrose buffer containing
protease inhibitors (P8340, Millipore Sigma, St. Louis, MO, USA) and phosphatase inhibitors
(P5726, P0044 Millipore Sigma, St. Louis, MO, USA). The crude synaptosomal protein fractionation
protocol enriches samples for pre- and postsynaptic proteins (i.e., presynaptic terminals, postsynaptic
membranes, etc.) [49]. Samples were centrifuged for 10 min at 100 g at 4 ◦C to pellet the nuclear
protein fraction. The supernatant was centrifuged for 20 min at 16,000 g at 4 ◦C to separate the crude
synaptosomal protein fraction (pellet). The NAc and VTA synaptosomal protein fractions were used
for all further analyses. After extraction, total protein concentration was determined using a Pierce
BCA Protein Assay Kit (23225, Thermo Fisher, Waltham, MA, USA).

2.5. NAc and VTA NMUR2 Protein Expression

NAc (n = 10) and VTA (n = 10) samples were assayed for NMUR2 protein expression using the
WesTM (ProteinSimple, San Jose, CA, USA) automated Western blotting system. WesTM is a capillary
electrophoresis-based immunoblotting instrument, and was optimized for receptor quantification
in brain tissues [48,50]. Wes™ reagents (biotinylated molecular weight marker, streptavidin-HRP
fluorescent standards, luminol-S, hydrogen peroxide, sample buffer, DTT, stacking matrix, separation
matrix, running buffer, wash buffer, matrix removal buffer, secondary antibodies, antibody diluent,
and capillaries) were obtained from the manufacturer (ProteinSimple) and used according to the
manufacturer’s specifications with minor modifications. NMUR2 polyclonal antibody (NBP1-02351,
Novus Biologicals, Littleton, CO, USA) was diluted 1:50 in antibody diluent.

Samples were prepared and subjected to capillary electrophoresis-based immunoblotting as
described previously [49]. Briefly, 2 μg of protein was denatured in 0.1× sample buffer and 5× master
mix at 95 ◦C for 5 min. Then, samples and primary antibody were dispensed into a prefilled microplate
(ProteinSimple). Capillary electrophoresis (375 V, 25 min, 25 ◦C) and immunodetection were completed
using the following settings: separation matrix load, 200 s; stacking matrix load, 15 s; sample load,
9 s; antibody diluent, 30 min; primary antibody incubation, 60 min; secondary antibody incubation,
30 min; and chemiluminescent signal exposure for 15, 30, 120, 240, and 480 s. Data were analyzed using
Compass Software (ProteinSimple). The Western blot analysis signal was defined as the area under the
curve (AUC) for the NMUR2 peak at 48 kDa and representative “virtual blot” electrophoretic images
for NMUR2 were automatically generated by the Compass Software (ProteinSimple).

2.6. Statistical Analysis

Binge-type eating across a spectrum of fat–carbohydrate contents in binge 1 and binge 2 was analyzed
by repeated measures one-way ANOVA and Bonferroni’s multiple comparisons. All comparisons were
made to the intake of a 20% fat mixture. Correlations between binge-type eating across a spectrum of
fat–carbohydrate contents and NMUR2 protein expression in the NAc and the VTA were analyzed by
linear regression. All statistical analyses were performed in GraphPad Prism 7.0a (GraphPad Software
Inc., La Jolla, CA, USA) with an experiment-wise error rate of α = 0.05.
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3. Results

3.1. NMUR2 is Expressed Presynaptically in the NAc and the VTA

Previous work demonstrated that NMUR2 is expressed postsynaptically in the hypothalamus
and presynaptically in the NAc [32,46]. We confirmed NAc and VTA localization of NMUR2 with
immunohistochemistry. We observed a “beads on a string” staining pattern indicative of presynaptic
NMUR2 expression in the NAc and in the VTA (Figure 1).

(a)

(b)

Figure 1. Neuropeptide receptor neuromedin U receptor 2 (NMUR2)immunostaining in the nucleus
accumbens (NAc) and the ventral tegmental area (VTA). (a) Representative image of NMUR2
immunostaining in the NAc (bregma +1.92); (b) Representative image of NMUR2 immunostaining in
the VTA (bregma −4.80). Images were acquired from the regions indicated at in confocal mode, scale
bar = 25 μm.

3.2. Fat Content and Binge-Type Eating

Using our binge-type eating paradigm, we quantified how much rats would consume during a
2-h binge period (Figure 2). Figure 2 illustrates binge intake across a spectrum of fat–carbohydrate
contents during binge 1 and binge 2. Comparisons were made within each binge to the intake of
a 20% fat (80% carbohydrate) mixture. In binge 1, rats consumed significantly fewer grams of the
100% fat (0% carbohydrate) mixture (p = 0.0003) compared to the 20% fat (80% carbohydrate) mixture
(Figure 2). In binge 2, rats consumed significantly more grams of the 60% fat (40% carbohydrate)
mixture (p = 0.010) compared to the 20% fat (80% carbohydrate) mixture (Figure 2). Notably, common
Western diet foods contain percentages of fat that fall at the peak of the curve, including French fries
(42% fat), potato chips (56% fat), cheesecake (63% fat), and peanut butter (78% fat), which gives context
for the percentages of fat used in our rodent studies.
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Figure 2. Rat binge-type eating across a spectrum of fat–carbohydrate contents. Binge-type eating in
rats was highest at 60% fat (40% carbohydrate) and lowest at 80% fat (20% carbohydrate) compared to
20% fat (80% carbohydrate). * p < 0.05.

3.3. Binge-Type Intake and NAc NMUR2 Protein Expression

To determine the relationship between binge-type intake and NMUR2 expression in the NAc, we
quantified NAc NMUR2 synaptosomal protein (Figure 3a), and correlated it to fat intake during the
binge period (Figure 3b–f). Interestingly, NAc NMUR2 expression demonstrated a strong positive
correlation with binge intake of a “lower”-fat (higher carbohydrate) mixture, specifically 20% fat (80%
carbohydrate) (p = 0.047) and 40% fat (60% carbohydrate) (p < 0.001) (Figure 3b–c). As fat content
increased and carbohydrate content decreased, the relationship diminished. However, no significant
correlation was observed when NAc NMUR2 was correlated to total calories consumed to account
for energy density. In addition, we found no significant correlation between NAc NMUR2 and binge
intake of a 60% (40%) (p = 0.86), 80% (20%) (p = 0.084), or 100% (0%) (p = 0.86) fat (carbohydrate)
mixture (Figure 3d–f).

Figure 3. Cont.
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Figure 3. NAc NMUR2 protein expression was positively correlated with binge-type eating.
(a) representative Western blot image for NMUR2 synaptosomal protein from NAc samples; (b) NAc
NMUR2 expression was positively correlated with intake of a 20% fat (80% carbohydrate) mixture;
(c) NAc NMUR2 expression was positively correlated with intake of a 40% fat (60% carbohydrate)
mixture; (e) NAc NMUR2 expression was not correlated with intake of a 60% fat (40% carbohydrate)
mixture; (f) NAc NMUR2 expression was not correlated with intake of an 80% fat (20% carbohydrate)
mixture; (g) NAc NMUR2 protein expression was not correlated with intake of a 100% fat (0%
carbohydrate) mixture. AUC: area under the curve. * p < 0.05.

3.4. Binge-Type Intake and VTA NMUR2 Protein Expression

Next, we quantified VTA NMUR2 synaptosomal protein (Figure 4a). We correlated VTA NMUR2
synaptosomal protein to fat intake during the binge period (Figure 4b–f). No significant correlation
was observed between VTA NMUR2 and binge intake of a 20% (80%) (p = 0.11), 40% (60%) (p = 0.37),
60% (40%) (p = 0.95), or 80% (20%) (p = 0.26) fat (carbohydrate) mixture (Figure 4b–e). VTA NMUR2
demonstrated a strong negative correlation with binge intake of an “extreme” high-fat mixture of
100% fat (0% carbohydrate) (p = 0.034) (Figure 4f). Interestingly, the slope of the trend line transitioned
from a positive slope value for the lower-fat mixtures (higher carbohydrate) to a negative slope for the
higher-fat mixtures (lower carbohydrate).

Figure 4. Cont.
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Figure 4. VTA NMUR2 protein expression was negatively correlated with binge-type eating.
(a) representative Western blot image for NMUR2 synaptosomal protein from VTA samples; (b) VTA
NMUR2 expression was not correlated with intake of a 20% fat (80% carbohydrate) mixture; (c) VTA
NMUR2 expression was not correlated with intake of a 40% fat (60% carbohydrate) mixture; (d) VTA
NMUR2 expression was not correlated with intake of a 60% fat (40% carbohydrate) mixture; (e) VTA
NMUR2 expression was not correlated with intake of an 80% fat (20% carbohydrate) mixture; (f) VTA
NMUR2 expression was negatively correlated with intake of a 100% fat (0% carbohydrate) mixture.
* p < 0.05.

4. Discussion

In the present study, we assessed the synaptic localization of NMUR2 in the NAc and the
VTA. Our results support previous studies indicating synaptic NMUR2 expression in the NAc.
Additionally, these results extend our knowledge by demonstrating Western blot staining of NMUR2
in synaptosomal VTA fractions, and by visualizing punctate staining patterns for NMUR2 in the
VTA, consistent with synaptic localization [46]. Our NMUR2 antibody has previously been shown
to stain NMUR2-expressing cell bodies in the PVN, suggesting that the staining pattern is not an
antibody limitation [32]. In the NAc, NMUR2 is localized to synapses that express a neuronal marker
of GABAergic signaling, which supports a role for NMUR2 in inhibitory signaling [46]. Additional
studies are needed to determine the functional role of NMUR2 in the mesoaccumbens circuit, including
its effects on BED and obesity.

We used an animal model of binge-type eating to quantify binge intake in rats. This model only
simulated a binge episode, similar to that observed in BED and obesity [27,29,30,32,33,35]. One of the
major limitations of our study is the inability of our model to replicate all clinical aspects of BED. While
our model can quantify food intake during a binge episode, it does not replicate the psychological
aspects of BED, such as feelings of loss of control and feelings of shame and guilt [2–5]. Nonetheless,
this model is helpful in understanding neural mechanisms underlying binge-type consumption
and identifying potential regulators of this specific overconsumption behavior. During our studies,
animals were maintained on their normal chow consisting of 17% fat by kcal which does not promote
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overconsumption and maintains a healthy energy balance. However, energy-dense diets are reinforcing
and are significantly preferred by rodents. The fat–carbohydrate mixtures were designed to contain the
preferred higher energy density, which promotes overeating and improves the translational relevance
in which humans binge on energy-dense foods [13,35,51–53].

Using this model, we quantified binge-type consumption across a spectrum of fat–carbohydrate
mixtures and correlated it to synaptosomal NMUR2 protein expression in the NAc and the VTA in
rats. To our knowledge, we are the first to quantify synaptosomal NMUR2 protein in the NAc and
VTA and the first to explore relationships between NMUR2 expression and binge intake. Our results
demonstrated a strong positive correlation between synaptosomal NMUR2 protein expression in the
NAc and binge intake of a “lower”-fat (higher carbohydrate) mixture of 20% fat (80% carbohydrate) and
40% fat (60% carbohydrate). This region-specific effect of NAc NMUR2 facilitated the binge-type intake
of a “lower”-fat (higher carbohydrate) mixture, especially food around 40% fat (60% carbohydrate),
which is commonly overconsumed in humans [13,51–54]. Synaptosomal VTA NMUR2 protein
expression demonstrated a strong negative correlation with the binge intake of an “extreme” high fat
mixture, particularly 100% fat (0% carbohydrate). Contrary to NAc NMUR2, this finding implicates
VTA NMUR2 as an inhibitor of binge intake of “extreme” high-fat, low-carbohydrate food. Thus, VTA
NMUR2 may act as a “behavioral brake” on the binge intake of high-fat, low-carbohydrate food.

Overall, our findings demonstrate key relationships and brain-region-specific differences in
synaptosomal NMUR2 protein expression, and establish NMUR2 as a regulator of binge-type intake
in rats in the NAc and the VTA. Binge-type eating changes based on fat–carbohydrate content and
NMUR2 expression varies not only across animals, but across brain regions. Interestingly, binge-type
intake could be based on fat content, carbohydrate content, or fat-to-carbohydrate ratio, and future
studies should delineate the role of NMUR2 in fat and carbohydrate preference. Thus, endogenous
NMUR2 may be a driver of individual differences in binge-type eating. Although the observed
high degree of inter-animal variability and inter-brain region variability of NMUR2 can limit data
interpretation based on averaged differences in NMUR2, it also raises the possibility that NMUR2
protein contributes to individual differences for binge-type food intake in humans.

The clinical implications of our findings establish NMUR2 as a novel regulator of binge-type
eating and therefore as a potential druggable candidate for the overconsumption behavior observed in
BED and obesity. Recently, we showed that small-molecule NMUR2 agonists successfully suppressed
high-fat food intake in rats, which supports NMUR2 as a viable therapeutic target [55]. Future
studies will continue to investigate the contribution of NMUR2 in the NAc and the VTA at molecular,
neural, and pharmacological levels, including investigating the effects of these small-molecule NMUR2
agonists on binge-type eating.

5. Conclusions

The overconsumption behavior observed in BED and obesity is poorly understood, and demands
more mechanistic and molecular studies. NMUR2 facilitates binge-type eating in rats by promoting
the binge intake of “lower”-fat diets via the NAc while suppressing the intake of “extreme” higher
fat diets via the VTA. Therefore, NMUR2 represents a promising druggable target, and has already
been shown to successfully alter feeding behavior [55–57]. The current study demonstrates key
relationships between NMUR2 expression in “reward” centers of the brain and binge-type behavior
that will contextualize the interpretation of future research determining the therapeutic potential of
NMUR2 to regulate overconsumption behavior.
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Abstract: Implementing integrated online prevention to reduce the risk of both obesity and eating
disorders, in the school setting, is a promising approach. The challenge is to develop highly
user-friendly and motivating programs, to foster adherence and effectiveness. The purpose of
this study was to evaluate the usability of such a universal prevention program for students
aged 14–19 years, and to address engagement issues. A mixed-methods approach was chosen,
consisting of a think-aloud task, a semi-structured interview, and a questionnaire including items
on sociodemographic characteristics and the System Usability Scale (SUS). Usability tests were
conducted in two rounds, with five adolescents participating per round. Mean score in the SUS was
92.5 of 100 points (range 85–100), in the second round, after some adaptations from the participants’
feedback. In the course of the think-aloud tasks and interviews, five major themes emerged—visual
design, navigation, mode of transfer, content, and engagement conditions. Interesting headlines,
gamification, and monitoring tools are crucial for engagement. Apart from the importance of using
the program during school hours, the study showed that problems currently perceived as important
by the target group, need to be considered and addressed, prior to offering them prevention programs,
which highlights the importance of a user-centered design.

Keywords: usability study; online health intervention; adolescents; school setting; eating disorders;
overweight; prevention; engagement; E-Mental Health

1. Introduction

Prevalence rates of overweight and obesity, worldwide, have increased drastically [1,2];
consequently, the World Health Organization has labeled obesity as a “global epidemic” [3].
Over-evaluation of weight and shape, restricted eating and dieting are also on the rise [4], and
are amongst the strongest risk factors for full and sub-threshold eating disorders (EDs) [5]. Whereas,
EDs like anorexia nervosa and bulimia nervosa especially affect girls and young women, health
implications of problematic eating and exercise habits affect both women and men, at all ages [4,6,7].
Recurring episodes of unhealthy dieting, binge eating, and purging behavior are also common
in adolescents suffering from overweight and obesity [7–9], influenced by the social pressure on
overweight people to reduce their weight. However, a couple of longitudinal studies have shown an
association between dieting and weight gain, among adolescents [10–13].
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Given the shared risk factors for eating disorders and being overweight, researchers have called
for integrated approaches to prevention [14]. Such approaches are also considered to reduce the risk of
unintentionally causing eating disorders with obesity prevention programs [14], and they have the
potential to reduce stigma. There already exists a number of effective prevention programs addressing
the full range between anorexia nervosa and obesity [15].

Due to their scalability, their potential to reach a large number of people, and relatively low costs,
online programs seem to have a high potential to tackle this public health challenge [16]. Especially in
group settings, like school classes, online programs offer the possibility to provide different program
parts for different participants, simultaneously, within the same school class, thus allowing to tailor
program content to participants’ characteristics, like gender, and risk status [17]. Furthermore, it is
assumed that adolescents, especially, can benefit from Internet-based interventions [18].

More than 95% of European adolescents and young adults between 16 and 24 years, are using
the Internet regularly, therefore, Internet-based or mobile phone applications/platforms could be a
key resource in providing health information to adolescents [19]. As for interventions promoting
mental health, there is evidence of positive effects on young people’s mental health, especially when
implemented in the school setting [20–22]. However, the challenges of such intervention programs
are poor adherence and high dropout rates [23,24]. Since these factors limit the effectiveness of
Internet-based interventions, further insights into user technology interaction are urgently needed.
Traditional approaches like randomized controlled trials (RCT) are not appropriate for investigating
those complex phenomena, including many contextual and confounding factors. Thus, several authors
suggest the application of a mixed-methods design, focusing on process variables like dropout and
usage, and outcome variables like costs, health condition, or adherence [25].

Accordingly, this study aimed to evaluate the usability of a school-based online intervention
program for adolescents, as well as to address engagement issues, to reduce dropout rates in the
“Healthy Teens @ School” study, a multi-country cluster RCT [26]. The intervention was adapted
from an evidence-based program developed in the USA, called “Staying Fit” [17,27]. The unguided
online intervention program “Healthy Teens @ School” aims to promote a healthy lifestyle and reduce
problematic eating behavior, eating disorder risk, and obesity risk, among adolescents aged 14 to
19 years. Prior to the conduction of the main study on “Healthy Teens @ School” in Austria, we
conducted three focus groups with representatives of the target group [28], and a subsequent usability
study. For the usability study we used a mixed-methods approach suggested by Nitsch et al., [29]
which proved to be an appropriate design, in order to get detailed insights into users’ needs and to
learn more about the challenges regarding engagement at the same time. In this context, especially the
evaluation of the first program modules and the users’ first interaction with the program, are crucial
elements for determining future engagement and adherence patterns, since most participants drop out
from online interventions at this very early stage of a program [23,30,31]. This paper will present the
results of the usability study and highlight the importance of investigating engagement issues, prior to
the program start.

2. Materials and Methods

2.1. Recruitment

Potential participants were recruited via social media (Facebook). Girls and boys aged between
14 and 18 years, from different schools in Vienna, were invited to take part in a study aiming to test
the prototype of an online program for promoting healthy habits in pupils. The inclusion criteria
for this usability study reflected the target population of the “Healthy Teens @ School” program that
was designed for students between 14 and 19 years. Participants were offered gift cards of € 20 for
their participation.

Following the principles of usability evaluation, we conducted usability tests in two rounds,
with five participants per round. A sample size of five participants per round was regarded as sufficient
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to detect more than 85% of usability problems. Including more participants would have required more
resources in terms of time and money, while only producing repetitive information [32,33]. In the first
round, five participants tested the prototype of the program on the computer. Based on the results of
the first round, the program was modified and tested by another five participants in the second round.

2.2. Program/Intervention

“Healthy Teens @ School” is a ten-week online program (one online-module per week) designed
to promote a healthy lifestyle and reduce eating disorder risk and obesity risk. Based on a screening
questionnaire, which includes the assessment of eating behaviors, eating disorder risk, weight status,
weight/shape concerns, physical activity habits, stress coping, depression, anxiety, self-esteem,
and quality of life, the participants get access to the online program and are assigned to either one
of two program tracks. Adolescents with normal weight (with and without eating disorder risk) are
assigned to the “Healthy habits” track, overweight adolescents (>85th sex-age-specific BMI percentile)
are assigned to the “Weight management” track. In ten modules, the students learn about building
a healthy lifestyle, about balanced nutrition and physical activity habits, about ways of improving
their body image and body satisfaction, as well as ways of improving media literacy. Whereas the
content in the “Healthy habits” track is framed towards building a healthy lifestyle, the content in
the “Weight management track” is framed more towards maintaining a healthy weight. In the course
of the three preceding focus groups, especially stress in school turned out to be a major issue for
the students [28]. As a result, we adapted the program and added elements about how to deal with
difficult and challenging situations, emotions, and stress, in order to prevent mental health problems.
Details on the program content are published elsewhere [26]. The program is based on principles of
Cognitive Behavioral Therapy (e.g., goal setting, behavior monitoring, practical exercises to be tried out
between online modules). The users are encouraged to use a “diary”-function that can be accessed via
PC or an app, to monitor their habits on a daily, or at least weekly basis. Furthermore, the users receive
feedback on their strengths and weaknesses, based on the results of the screening questionnaire.

The program is provided on an online platform hosted by Minddistrict GmbH. The users log on the
platform via an e-mail address and a self-chosen password. From the user’s dashboard, the screening
questionnaire and program modules can be accessed; students can see new tasks assigned and they
have the possibility to contact the study team via a messaging function. Screenshots of the user’s
dashboard and the program module including the app-diary are provided in Figures 1 and 2.

The program can be accessed within and outside school lessons, via different devices,
like computers, tablets, and smartphones [26]. For this usability study, we used a shortened version of
the screening questionnaire and feedback, the first two online modules, as well as the diary function.
We decided to test those parts that are scheduled at the beginning of the program, as they may be crucial
for subsequent adherence [23,29–31]. The screening questionnaire used in the usability study included
about 60 items, covering sociodemographic questions (including height and weight) and standardized
questionnaires, to assess stress coping, intuitive eating, self-esteem, and health-related quality of life.
The KIDCOPE [34] assesses the frequency and perceived effectiveness of ten different coping strategies
for a defined problem. Coping strategies are divided into active strategies (e.g., cognitive restructuring),
avoiding strategies (e.g., social withdrawal) and negative strategies (e.g., self-blame). Prior to rating
the frequency and effectiveness of the used coping strategies on a 4-point scale, participants were
asked to define a situation or problem that has stressed them often. Coping is conceptualized as a
dynamic process and not a stable personality trait, resulting in a rather limited re-test reliability, after
10 weeks (r = 0.15–0.43). The Intuitive Eating Scale (IES, [35]) measures the individuals’ tendency
to follow their physical hunger and satiety cues, by determining when, what, and how much to eat.
The 23 items are rated on a five-point scale and are summed up to a total score and four subscales
(“Unconditional Permission to Eat”, “Eating for Physical Rather than Emotional Reasons”, “Reliance
on Hunger and Satiety Cues”, and “Body-Food Choice Congruence”). Good internal consistencies of
the total score (Cronbach Alpha 0.91 for females and 0.82 for males) and subscales (Cronbach Alphas
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>0.72) were reported [36]. The Rosenberg Self-Esteem Scale [37] is a standard measure for self-esteem,
consisting of ten items rated on a five-point scale. Internal consistencies are high (Cronbach Alpha
= 0.88) [38]. Finally, we also used the Inventory of Life Quality for Children and Adolescents [39],
which measures subjective well-being and satisfaction in seven different domains, including school,
family, peers, leisure activities, physical health, psychological health, and overall health-related quality
of life. The seven items are rated on a five-point scale and calculated to an overall score. The re-test
reliabilities for the total score reported by the authors range from r = 0.60 to r = 0.80.

Figure 1. Screenshot of the user’s dashboard on the online platform.

252



Nutrients 2019, 11, 713

Figure 2. Screenshot of one page in module 2 of the Healthy Teens @ School program and the app-diary.

2.3. Procedure

We conducted an evaluation study focusing on aspects of usability and engagement, following
the study protocol of Nitsch et al. [29].

Prior to testing, informed consents of the participants and legal representatives were obtained,
and the researcher explained the procedure. The usability testing sessions consisted of three parts,
(a) program use while performing the think-aloud technique, (b) a semi-structured interview, and
(c) completion of a questionnaire, including sociodemographic questions and the System Usability
Scale (SUS, [40]). The think-aloud process involved four tasks. First, registration on the platform
and setting a password; second, completion of the online assessment and reading the feedback; third,
completion of the first and the second module of the “Healthy Teens @ School” program; and fourth,
to make a diary entry on the PC and via the app. Before starting the think-aloud task, the students
practiced the technique by completing an Internet-based task (searching for a DVD on Amazon), which
was unrelated to the “Healthy Teens @ School” program. The moderator of the test presented the
different think-aloud tasks to the participant. However, participants were instructed to act as if they
were alone, talking to themselves. Participants were encouraged to express anything that came into
their mind, including positive and negative thoughts about the program, as the researchers on-site
were not involved in the development of the original program but are only interested in improving it.
There was little interaction with the researchers, only in case the participant stopped thinking aloud,
the moderator motivated the student to try again. All comments and problems during the think-aloud
task were recorded and protocolled by an observer. In addition, the computer screen was recorded
(©Microsoft Expression Encoder 4 Screen Capture SP2), in order to capture verbal and non-verbal
reactions of the participants.

Following the think-aloud task, a semi-structured interview was conducted. The interview guide
included questions about expectations towards the program, impressions of the program, questions
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about program content, the diary, motivation for completing the program, and if the participant would
recommend the program to others.

Subsequent to the semi-structured interview, the participants were asked to complete
questions on sociodemographic characteristics, their current Internet use, as well as the SUS
questionnaire [40]. The SUS is a method for measuring the usability of an application. It is a
standardized 10-item questionnaire. The items are rated on a five-point Likert scale. A high reliability
(Cronbach Alpha = 0.91) was reported for the total SUS score [41].

The usability testing sessions took 55 to 90 min, in which participants had the possibility to
familiarize themselves with the program and answer the questions. The testing sessions were
conducted from January till February 2017, and took place at the FernFH Distance Learning University
of Applied Sciences in Vienna and at the Medical University of Vienna.

The study protocol was approved by the Ethics Commission of the Medical University of Vienna
(Austria, Record Number: 2209/2015).

2.4. Analysis

Both, the think-aloud task and the interviews, were videotaped and audiotaped, then transcribed
verbatim, including the non-verbal reactions of the participants, based on the video recordings and
the observer notes. The transcripts were coded and analyzed, using NVivo 11. Thematic analysis [42]
was used to identify new aspects and relations between the themes and to combine data from the
think-aloud task and the semi-structured interviews. The themes and categories were discussed,
reviewed, and interpreted by the research team. The SUS questionnaire was analyzed in © Microsoft
Excel, as follows. After recoding the inverted items, item codings were summed up and the sum score
was multiplied by 2.5. This resulted in a total SUS score that ranged from 0 (no usability) to 100 (perfect
usability). Finally, we calculated an average score for each usability round. A SUS-score of higher than
70 points is regarded as an acceptable usability (representing the average SUS scores found in other
usability studies) and scores higher than 85 points are regarded as excellent usability [41].

3. Results

3.1. Participants

All ten participants were students between 14 and 18 years old (mean age = 16.2 years, standard
deviation (SD) = 1.2), attending different high schools in Vienna. In the first usability test round, four
male students and one female student took part, and in the second round, four female students and
one male student participated. Their BMI ranged from 18.8 to 24.2 (mean = 21.67, SD = 1.73). None of
the participants had a diagnosed psychiatric disorder or received psychotherapeutic treatment. In the
IES which was defined as the main outcome of the intervention, eight participants had average scores
and two participants had above-average scores (mean score = 3.76, SD = 0.45).

3.2. SUS-Questionnaire

Regarding the SUS-questionnaire, the usability of the program was in the acceptable range
(SUS-Score > 70) in the first round, and in the excellent range (SUS-Score > 85) in the second round.
The average SUS score was 84 (range from 67.5 to 97.5), in the first round, and improved to an average
SUS score of 92.5 (range from 85 to 100) of 100 points, in the second usability test round.

3.3. Think-Aloud Task and Semi-Structured Interview

By using the think-aloud tasks and the semi-structured interviews, we were able to identify
five central themes, referring to visual design, navigation, mode of transfer, content, and
engagement conditions.
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3.3.1. Visual Design

Most of the students liked the visual design of the “Healthy Teens @ School” program, especially
the pictures and graphics were highlighted as positive. The layout of the program was perceived
as “youthful”, “cool”, “pretty”, “appealing”, and “clearly arranged” and reminded some participants of
social media platforms and search engines: “The landing page looks up-to-date, similar to social media and
Facebook and instant messaging design, appealing to teenagers (...) I also liked the layout and pictures” (male#5).
The program’s color design was rated ambivalent by the participants. Some liked the variation, others
recommended a reduction in colors or a more targeted use of colors. “Maybe, there should be less red,
because I know, especially on a bright website, red indicates that there is something very important or wrong”
(male#7). Some students observed, that the font size was too small in some areas. All participants
mentioned, that they like the layout of the diary, regardless of using it on the computer or via the
app. They were also motivated to complete the diary because they liked the visualization of their
improvement in healthy habits over time. Furthermore, participants liked the absence of advertising
elements in the program.

3.3.2. Navigation

The majority of the students described the navigation of the program as “easy” and
“self-explanatory”. However, it seemed to be a challenge to create a secure password. Only one
of ten participants managed to include all demanded aspects (minimum 12 characters and one special
character) at the first attempt.

In the think-aloud sessions we observed some challenges finding the next module or the diary
function. Some asked for help, others found the next module or the diary after repeatedly trying.
Consequently, we produced and included a tutorial video lasting five minutes for the second usability
test round. This video included a short introduction to the navigation and the functions of the program
and the platform. Most participants liked the tutorial video, they described it as “helpful”, “reasonable
for orientation”, and “well-illustrated”. Others said, that they would not need such a video, stating young
people prefer to try out programs and do not want to watch videos about the navigation: “I think,
it is self-explanatory ( . . . ). And I think, most teenagers would prefer to simply try it out instead of watching
some explanation for a long time. Okay, actually, it’s not so long, but I think, that most people would just try
it out” (female#6). After showing the tutorial video in the second usability round we could monitor
more targeted approaches to find the diary, the different modules and an overall improvement in the
platform navigation. A participant even mentioned that “you will instantly find your way” (male#7) in
the program.

3.3.3. Mode of Transfer

This theme refers to the way the content and information is communicated to the user.
After completing the screening questionnaire, some participants were irritated by certain questions of
the IES, which sounded similar and felt like a repetition to them.

During the first test round, participants had to scroll to the top several times, as due to its length,
the response options of the IES questionnaire did not fit on one screen, after a certain number of items.
Therefore, prior to the second test round, we divided a long block of questions into two smaller parts,
in order to ensure that the response options were visible at all times. Negated questions were harder to
understand for some students. One person said that sometimes the wording in the IES questionnaire
was unclear (e.g., “substantial food”) or students indicated questions that appeared strange to them.
Furthermore, some participants mentioned that the open question asking to describe a personal stress
inducing problem (out of the KIDCOPE-questionnaire), was somewhat confusing, since the subsequent
set of questions, directly referring to the mentioned problem, were not always fitting.

In the interviews, participants criticized the long text passages, very detailed information and
suggested shorter texts and sentences: “There was a bit too much written text, but the texts were not always
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the same, and addressed you directly” (male#3). An aversion for long texts became also apparent in the
think-aloud sessions, where many participants only skimmed or even skipped longer texts. On the
contrary, interactive tools like quizzes and questions were always noticed and used and rated as
positive: “It is better than just reading tips, ( . . . ) that you can fill out things and instantly get feedback”
(male#1). Accordingly, the students underlined the importance of the “gamification” of the program;
they liked to do quizzes to repeat the content or knowledge games, instead of reading long texts with
detailed information and complex wording. For example, one girl argued that interactive tools might
also be helpful with regard to concentration: “You can’t finish it [the program] in five minutes; instead you
really have to take your time, sit down and read it in detail. Maybe it should be a bit shorter, so that you don’t
have to read that much, yeah, more quizzes, and just make it simpler, so you don’t have to concentrate so hard”
(female#2). Furthermore, the participants said that they liked to explore new things in the program and
that they like being addressed personally with “you” or “your”. Since text passages without interesting
headlines were partially only skimmed and students stated that significant headlines motivated them
to read text passages, we added more headings after the first round.

The diary tool was considered as interesting and useful, especially regarding the possibility to
visualize habits over time. In the second round, the diary function was available on the computer
and additionally on the app. Both modes were rated as positive, but two advantages of the app were
highlighted—the app appeared more game-like and chances of using the app more frequently were
rated higher, since it is more convenient to use the program on the smartphone: “It is done real quick,
it takes less time than a normal diary entry. Well, on the smartphone it is quick, you can do it on the subway or
on the way home, that’s fine, that’s convenient” (male#7).

3.3.4. Content

In general, the students denoted the information delivered in the different parts of the “Healthy
Teens @ School” program as “helpful”, “informative”, “diversified”, “good to read” and “meaningful”.
One participant said that the program “is cool” because “it is not counseling, not like at the psychologist or
the doctor, you don’t feel sick (...) it is a kind of help but not in an uncomfortable way ( . . . ) not bad for your
self-worth” (female#8).

The explanation and the outcome of the feedback were described as fitting to the person and very
informative: “I think, it fits me well, and it came across very personal and that I find really cool, I mean that
was really cool. And for me personally, it is real fun to fill out quizzes and to get such feedback. That is fun,
that is cool” (female#6).

The provided information in the modules was described as meaningful and interesting.
Some students expressed that they have already heard about some of the information, but it was
also nice to hear familiar content again. Some parts of the content were new to them. For example,
most participants stated that they already knew about the food pyramid or learned about it in school.
The information on how many portion sizes a day is recommended for the different food groups,
and how portion sizes can be measured, was perceived as new and interesting: “I didn’t know much yet,
for example the daily food requirement, how many snacks you should eat, what and how much food you should
eat to be balanced, in school and at home”(male#5).

3.3.5. Engagement Conditions

The participants stated that they would use the program in their daily routine, if they feel that
they need it and would recommend the program to colleagues and friends, if they had psychological
or health problems or if they think the content would be interesting for them. Some students indicated
that they like the program because it was informative, exciting, easy and fast to use. The motivation to
complete the program was the desire for a change in daily lifestyle and the personal feedback received.
For example, one participant stated that “if you do that (the program), then you want that something
changes. If you wouldn’t want to change something, then you would not do it” (male#3). The possibility
to use the program, including the diary, on different devices like computer, smartphone, and tablet
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was very attractive for the users and might also improve the adherence of participants. Especially,
the smartphone version of the program was described as “user friendly”, “comfortable” and “always
within reach”. For example, one participant said that she would use the program “more likely on the
smartphone as it’s always in reach. And I do not have to turn on the computer, enter the password and so on
( . . . ) but your smartphone is always there. You can also do it on the way” (female#9). Another participant
found that he personally would prefer doing the program “on the computer because there is a keyboard
and I prefer that, but for many others at my age the smartphone is the number one and they would prefer doing it
on their smartphone” (male#5).

Since a lack of time also seemed to be an important aspect for students, they positively highlighted
the length of the program modules. The majority of the participants indicated that over the course of
10 weeks, investing 20 to 30 min once a week, seems to be feasible.

The possibility of using the program within school lessons turned out to be an important factor
in terms of engagement. On the one hand, all participants stated, that if they had the chance to
do the program in class, they would use it regularly. However, in most cases the program simply
turned out to be a better alternative than regular school lessons: “I would do it, I’m not sure if the other
students would do it as well, but when it takes place in school instead of a regular class, then I think they would.
It depends on how the first five modules are, if I would do it at home as well” (female#10). On the other
hand, although the school was generally described as an adequate setting for using the program, the
school setting itself raised many issues in connection with the topic of stress. For example, in the
course of the usability session, students were asked to describe a recent problem that bothered them
and nine out of ten participants gave an example of school-related stress, including “work overload”,
“exam stress”, stress related to bad grades and interpersonal problems with classmates. During the
think-aloud task, many participants emphasized consequences of school stress, for example influencing
their overall well-being: “I’m not feeling well at the moment, because I have school stress” (female#10).
Another participant highlighted that stress has a negative effect on his leisure activities: “I have too much
schoolwork and don’t have much free time to do anything else” (male#3). This finding is especially important,
since it validates and highlights the results of the pre-study, in which focus groups with students were
conducted and stress turned out to be a major issue as well [28]. One participant emphasized that she
“would recommend [the program] to students experiencing stress or health problems; but rather not to others”
(female#10).

4. Discussion

The aim of this usability study was to evaluate and advance the usability and engagement aspects
of an unguided online intervention program for promoting a healthy lifestyle and to reduce the risk
for eating disorders and obesity among adolescents. Additionally, we aimed to validate the results of
preceding focus groups with representatives of the target group. The application of a mixed methods
research design not only allowed us to gain deeper insights regarding the students’ perception of
online health promotion and prevention programs and their media usage, but also to improve and
test the program in a very effective way. In this usability study, we found five major themes—visual
design, navigation, mode of transfer, content, and engagement conditions.

Especially, the findings of the current study regarding the design, navigation, and the mode
of transfer of online interventions are comparable to other studies. For example, one major finding
was the fact that the participants disliked reading long texts and preferred multimedia content,
which was also a result in similar studies [29,43,44]. This implies that the transfer of content on
prevention, via multimedia elements, might increase engagement and, therefore, is preferable to
text-based information [43,45]. Furthermore, instead of presenting participants an introductory text
about navigation and functions of the program, we produced a short tutorial video, in order to reduce
the amount of text. Although some participants doubted the need of the tutorial video for program
navigation, we observed an overall improvement regarding the navigation of the different tools,
after its implementation.
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Since some participants tended to skim or skip long texts, it is crucial to visually distinguish
important from less important text parts [44]. We tried to highlight important information, concerning
content and navigation, by putting it into boxes with prominent colors, like red and yellow. Informative
headings facilitate orientation and let users choose what to read. In general, this might be a more
realistic approach regarding the needs and usage habits of adolescents, than to expect them to
read everything.

Similar to the study of Nitsch et al. [29], some participants expressed objections about the length
of the assessments and particular questions. As a result of the standardized instruments used, a change
of the questions was not possible. Based on present and previous research, there is clearly a lack
of user-friendly research assessment, which have been developed to use within online programs,
by considering adequate wording and format. However, a very positive mentioned tool, in conjunction
with the assessment, was the subsequent personalized feedback, which all participants regarded as
suitable for their needs and as very informative. Especially, the prospect of receiving a feedback turned
out to be an important motivational factor to complete the assessment.

Furthermore, especially for adolescents, the integration of interactive and gamification elements
seems to be an essential prerequisite [46]. Changes in the layout, navigation, and content showed
improvements in the second usability round.

We observed that time was a crucial factor for using the program or recommending it to others.
The length of the weekly modules was described as suitable and the daily diary was evaluated as
very good and realistic, regarding regular program use. Accordingly, the participants mentioned the
importance of different user devices. The possibility to use the online intervention program, including
the diary, on the computer, smartphone, and the tablet increases the accessibility.

Another motivating point was that the program addressed the users personally with “you”. In the
diary the participants liked the possibility to visualize habits over time and mentioned this as a factor
for using the diary regularly or daily.

A crucial factor in terms of engagement and regular program use was the possibility of working
with the program in the school setting, and not in the free time. This result can also be confirmed
by various other studies, for example Neil et al. [47] highlighted that participation in an online
prevention program in the school setting, yields higher adherence than not participating in the school.
Additionally, the majority of youth can be reached through the school setting and since schools are
familiar settings for students, stigma, for example, associated with mental health interventions can be
reduced [48]. Generally, evidence also suggests that the school is an important setting for universal
prevention interventions [49,50].

However, when implementing interventions in particular settings, confounding or contextual
factors concerning the setting itself need to be considered as well. The present study showed that the
school setting raised various issues related to the topic of stress. For example, when students were
asked about a recent problem, the majority of the participants mentioned a school-related problem.
Accordingly, the problems currently perceived as important by the target group, need to be considered
and addressed, prior to offering them programs for health-related issues, which they might not even
think of, or are interested in. The results of this study, as well as our previous research on engagement
issues, suggest that framing a program, primarily designed to reduce eating disorder and obesity
risk, towards stress and stress reduction, might help to improve engagement. Stress turned out to
be a major issue for adolescents who participated in our study, and this might also motivate them
to use the program. Furthermore, program content covering a balanced nutrition, physical activity,
and body image, can easily be linked to the topic of stress, for example, by highlighting the association
between high levels of stress and fast eating or the benefits of regular physical activity for stress
reduction. On the other hand, providing adolescents with helpful coping strategies, might prevent
them from resorting to negative behavioral patterns, like self-blame or emotional eating. Furthermore,
participating in a program labeled as a stress-reduction program might also be less stigmatizing than
participating in a program for preventing eating disorders and obesity, since almost every adolescent
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experiences stress in some way or another. This was also an issue in another study where adolescents
said that the terms describing mental disorders sounded daunting. They recommended that the
program title and content should be framed positively (e.g., “improving healthy habits” instead of
“reducing risk for eating disorders and obesity”) [28]. Generally, we suggest evaluating the potential
users’ needs, prior to the program start, since addressing their needs might contribute to adherence
and engagement. However, for students in a different context, other topics might be more relevant.

In this context, the value of user-centered design needs to be highlighted, since it does not
only allow us to tailor interventions to the users’ needs, but also offers a high potential to improve
the translation of evidence-based health research into particular settings [51]. Moreover, the design
of online (mental) health programs affects their uptake and use [25,52–54]. Accordingly, future
research needs to address this gap, by highlighting the value of integrating aspects from different
interdisciplinary fields. In this context, especially a combination of different methods from the broader
field of implementation science and human computer-interaction, is suggested [52,53].

Besides the usability and engagement issues, which were addressed in the present study,
further steps are necessary to ensure a successful and sustainable implementation of online prevention
programs in school settings. Strong evidence for the effectiveness and cost-effectiveness of such
programs are an important prerequisite for long-term implementation, not only according to various
stakeholders in the school setting, but also from an ethical point of view [28]. Therefore, the “Healthy
Teens @ School” program is currently being tested for its effectiveness and cost-effectiveness, as part
of a cluster RCT, involving more than 800 adolescents in two European countries [26,55]. Since
adherence to an online prevention program and consequently its effectiveness are not only affected
by usability issues but also by other contextual factors, such as participant, setting, and intervention
characteristics, we also aim to investigate a variety of moderators and mediators potentially influencing
outcome [56]. Furthermore, we aim to evaluate the potential public health impact of this program by
applying the Reach-Effectiveness-Adoption-Implementation-Maintenance (RE-AIM) framework [57].
RE-AIM encourages the researcher not only to focus on effectiveness but also to obtain a number of
indicators—reach of adolescents, adoption (willingness of schools to offer the intervention to their
students), implementation (e.g., adherence, adaptations to be made), and maintenance (both on the
individual and organizational level). Overall, these research steps will help us to develop an online
prevention program for EDs and obesity, which is well-accepted by schools and adolescents and which
can be further disseminated to a wide range of schools.

Limitations

The participants completed only the first part of the assessments and the program modules.
Therefore, results can only partly be generalized to the other assessment questionnaires or modules.
However, the evaluation of engagement and usability issues of the users’ first interaction with the
program proved to be a suitable method, in order to determine future participant behavior [29].
Moreover, most participants drop-out during the very early stage of an online program, which indicates
that the first impression is crucial for future adherence [23,30,31]. Furthermore, since the usability
testing took place in a lab, it is possible, that the students were influenced by the situation itself.
However, we addressed this issue and gave the participants the opportunity to test the think-aloud
method, before we started with the actual study.

Not all of the feedback of the participants could be implemented in the second round and
subsequently for the actual clinical trial, due to multiple reasons. Although much of the criticism
about some questions seemed legitimate, the used questionnaires were standardized questionnaires
that could not be changed, simplified, or shortened. Some problems or barriers were related to the
navigation which was not intuitive in some aspects and led to the need to try out a few times. Since our
possibilities to change these aspects, which were linked to the functions of the Minddistrict platform,
were limited, we tried to tackle these issues by providing the tutorial video and additional information
on the navigation in the text.
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Another major limitation might be the gender imbalance of the test rounds. In the first round,
four boys and one girl participated and in the second round four girls and one boy took part. We tried
to reach a balance of gender per round, but due to time collisions and short-term illness of two
participants, this was not feasible.

5. Conclusions

This usability and engagement study was conducted in preparation for a randomized controlled
trial of the unguided online program “Healthy Teens @ School”, taking place in the school setting.
This study helped us to improve the usability of our online program, prior to the program start,
in five major areas—visual design, navigation, mode of transfer, content, and engagement conditions.
Furthermore, the results of this study contribute towards a wider research base, showing that usability
and engagement issues in this first phase of the users’ interaction with the program is not only
inextricably linked, but is essential for identifying future engagement and adherence issues. Especially,
the users’ current needs have to be evaluated and addressed. As the results of this study showed,
the engagement issues of this particular target group were closely linked to specific setting-related
issues, such as stress in school or the possibility to use the program during school hours. This implies
that the involvement and participation of the target group in the development of online interventions,
should be an essential part in future research designs. Especially for prevention interventions, intrinsic
motivation plays a major role, since members of the potential target group usually do not feel a certain
urge or level of suffering that motivates them to use an online program. Additionally, from a public
health perspective, it is important to point out the benefits of such programs for the target group.
In this context, user centered-designs do not only help to improve the usability and adherence of
online programs but also their overall effectiveness.
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