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ENGLISH SUMMARY

Background: Food addiction describes an addiction-like attraction to hyperpalatable
foods with high content of refined carbohydrates and saturated fat. Hyperpalatable
foods are rewarding and have an addictive potential analogue to that of substances
of abuse such as alcohol and cocaine. Food addiction can be measured by the self-
report Yale Food Addiction scale 2.0 (YFAS 2.0) in adults and by the dimensional Yale
Food Addiction Scale for Children 2.0 (dYFAS-C 2.0) in children and adolescents,
which are both based on the DSM-5 diagnostic criteria for substance use disorder.
Due to the substance of abuse, food addiction is strongly associated with obesity. In
individuals with mental disorder, addiction disorders are prevalent, and obesity rates
are known to be high. Thus, food addiction is likely to represent a link between
mental disorder and obesity. The association between food addiction and self-
reported symptoms of mental disorder has been confirmed in previous studies, but
only few studies are based on representative samples of individuals with a clinically
verified mental disorder.

Aim: The primary aim of this PhD project was to investigate food addiction in adults
and adolescents with a clinically verified mental disorder. A secondary aim was to
estimate the prevalence of food addiction/dYFAS-C 2.0 score in the general
population, which also served as reference for the populations with mental disorder.

Methods: This PhD dissertation is based on the Food Addiction Denmark (FADK)
Project, which was conducted as a part of a three-year PhD fellowship at the
Research Unit for Child and Adolescent Psychiatry, Aalborg University Hospital,
Psychiatry. The FADK Project is a combined survey and register-based study, which
was conducted in Denmark in 2018. Random samples of 5000 adults aged 18-62
years, 3529 adolescents aged 13-17 years with a mental disorder, and 5000 adults
and 3750 adolescents of the same age from the general population were invited to
participate in a web-based survey. The invitees were identified in the Danish
Psychiatric Central Research Register and the Danish Civil Registration System,
respectively. The compiled FADK questionnaire included Danish versions of the YFAS
2.0 and dYFAS-C 2.0 and other rating scales measuring eating pathology and general
psychopathology. Data from Danish nationwide registers on health and
socioeconomic aspects were linked to all invitees; this approach enabled attrition
analyses and calculation of weighted prevalence estimates for all groups.
Furthermore, to ensure the validity of the Danish versions of the YFAS 2.0 and dYFAS-
C 2.0, psychometric analyses were conducted.

Results: The psychometric properties of the YFAS 2.0 were sound and confirmed a
one-factor model in both adult populations. Food addiction was found to be
relatively prevalent (9.4%) in a Danish general adult population, although not nearly
as prevalent as in those with mental disorder (23.7%). The prevalence of food
addiction varied across the diagnostic categories of mental disorder; it was found to
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be particularly high in those with affective disorders, personality disorders, psychotic
disorders, and eating disorders. The dYFAS-C 2.0 was a valid and sensitive measure
of food addiction symptomatology among adolescents; this was seen in both the
general population and in the population with mental disorder. The dYFAS-C 2.0
score was relatively low in the general population, but food addiction
symptomatology seemed to be more prevalent in adolescents with psychotic and
affective disorders compared to the general population. Food addiction was in
general more prevalent in females and was associated with increasing BMI
(especially obesity) across age and populations.

Conclusions: The studies presented in this PhD dissertation confirmed that food
addiction is highly prevalent in individuals with a clinically verified mental disorder
compared to the general population. These findings add to our current
understanding of food addiction. Specifically, the studies presented in this
dissertation confirm that food addiction often co-occur with other mental disorders.
This may lead to obesity and could worsen the severity of the primary mental
disorder. These are important avenues for further research, which may help
disentangle the complex pathway to obesity in individuals with mental disorders and
potentially inform prevention and treatment strategies in the future.



DANSK RESUME

Baggrund: Madafhaengighed er et forholdsvist nyt begreb i Danmark.
Madafhangighed beskriver en afhangighed af primzaert hgjt forarbejdet mad, der
har et stort indhold af kulhydrater og maettet fedt. Indtag af hgjt forarbejdede
madvarer er sterkt belgnnende, og kan have et afhaengighedsskabende potentiale
som minder om det der ses ved afhangighed af andre typer af misbrugsstoffer, f.eks.
alkohol og kokain. Madafhaengighed kan ”diagnosticeres” med det selvrapporterede
spgrgeskema Yale Food Addiction scale 2.0 (YFAS 2.0) til voksne og med Yale Food
Addiction Scale for Children 2.0 (dYFAS-C 2.0) til unge, som begge er baseret pa DSM-
5 kriterierne for stofafhangighed. Studier har fundet en klar sammenhang mellem
madafhaengighed og overvaegt. Overvaegt er hyppigt forekommende blandt individer
med psykisk lidelse, desuden er der en hgj forekomst af afhaengighedslidelser i
denne gruppe. Derfor kunne madafhaengighed potentielt udggre et vigtigt bindeled
mellem psykisk lidelse og overvaegt. Tidligere studier har pavist en sammenhang
mellem madafhangighed og selvrapporterede symptomer pa psykisk lidelse, men
der er kun ganske fa studier som bygger pa repraesentative datasat fra populationer
med klinisk diagnosticerede psykiske lidelser.

Formdl: Det primaere formal med dette ph.d.-projekt var at undersgge udbredelsen
af madafhangighed hos voksne og unge med klinisk diagnosticerede psykiske
lidelser. Et andet formal var at estimere udbredelsen af madafhaengighed/dYFAS-C
2.0 score i den generelle befolkning, som ogsa blev anvendt som kontrolgruppe for
populationen med psykisk lidelse.

Metode: Denne ph.d.-afhandling er baseret pa data fra Food Addiction Denmark
(FADK) projektet, der blev gennemfgrt som en del af et tredrigt ph.d.-forlgb ved
Forskningsenheden for Bgrne- og Ungepsykiatri i Psykiatrien ved Aalborg
Universitetshospital. Projektet omfatter en stgrre spgrgeskemaundersggelse
kombineret med data fra de danske registre. | alt 5.000 voksne (alder: 18-62 ar) og
3.529 unge (alder: 13-17 ar) med en psykisk lidelse blev tilfeeldigt udtrukket til at
deltage i en web-baseret spgrgeskemaundersggelse sammen med 5.000 voksne og
3.750 unge i samme aldersgrupper fra den generelle befolkning. De inviterede blev
identificeret i Det Psykiatriske Centralregister og Det Centrale Personregister. Det
samlede FADK-spgrgeskema inkluderede de danske versioner af YFAS 2.0 og dYFAS-
C 2.0 samt andre spgrgeskemaer, der kan anvendes til at male spisepatologi og
generel psykopatologi. Data fra de danske nationale registre vedrgrende
helbredsmaessige og sociogkonomiske aspekter blev koblet til alle de inviterede.
Dermed blev det muligt at lave omfattende bortfaldsanalyser og beregne vaegtede
praevalensestimater - som tog hgjde for bortfald - for alle grupper. Derudover blev
der foretaget en raekke psykometriske analyser for at sikre en hgj validitet af de
danske udgaver af YFAS 2.0 og dYFAS-C 2.0.
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Resultater: De psykometriske egenskaber for spgrgeskemaet YFAS 2.0 var
tilfredsstillende, og analyserne bekraeftede en en-faktor model i begge populationer
af voksne. Madafhangighed blev fundet at vaere forholdsvist praevalent (9,4 %) i den
generelle population af voksne i Danmark, om end betydeligt mere udbredt i
populationen med psykisk lidelse (23,7 %). Praevalensen af madafhangighed
varierede pa tveers af de forskellige diagnostiske kategorier af psykiske lidelser. Den
var szrligt hgj blandt dem, der var diagnosticeret med affektive lidelser,
personlighedsforstyrrelser og spiseforstyrrelser. Spgrgeskemaet dYFAS-C 2.0 blev
ogsa fundet at vaere et validt og fglsomt instrument til maling af symptomer pd
madafhaengighed hos unge i den generelle befolkning og i populationen af unge med
psykisk lidelse. Scoren for dYFAS-C 2.0 var forholdsvist lav i den generelle befolkning,
men symptomer pa madafhaengighed syntes at vaere oftere til stede hos unge med
psykotiske og affektive lidelser sammenlignet med den generelle befolkning.
Madafhaengighed var generelt mere udbredt hos kvinder, og der sas en
sammenhang med hgjere BMI (szerligt overvaegt) pa tvaers af aldersgrupper og de
forskellige populationer.

Konklusion: Studierne i denne ph.d.-afhandling bekrzefter, at madafhaengighed er
udbredt blandt personer med en klinisk verificeret psykisk lidelse sammenlignet med
den generelle befolkning. Disse resultater bidrager med ny viden til vores nuvaerende
forstaelse af madafhaengighed. De praesenterede studier viser, at madafhangighed
ofte forekommer samtidig med andre psykiske lidelser, hvilket kan fgre til overvaegt
og maske endda forvaerre den primaere psykiske lidelse. Disse fund er vigtige for den
fremtidige forskning inden for feltet, da de er med til at belyse nogle af de komplekse
mekanismer, der potentielt ligger til grund for udviklingen af overvaegt hos personer
med psykisk lidelse. Herved kan nye strategier udvikles, som fremover kan sikre
bedre forebyggelse og behandling af overvaegt hos mennesker med psykisk lidelse.
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PREFACE

During my training as a young physician, | worked in both adult- and in child and
adolescent psychiatry. Quite early, it became apparent to me that not only did the
patients struggle with their mental illness; they often also had to deal with
overweight or obesity and related diseases. Unfortunately, | found no helpful
understanding of this complex problem, nor any treatment.

Obesity and the mechanisms leading to it have had my interest since medical school.
My colleague, psychiatrist Ida Kattrup, was aware of this, and she provided me with
handouts from an addiction conference presentation by professor Nora Volkow.
Here professor Volkow compared results from neuroimaging studies of individuals
with obesity to results from similar studies in addiction disorders; the key message
being that there were several overlaps. This was my first encounter with the concept
of “food addiction”, and it sparked my interest in this field.

My strong interest in the obesity epidemic in general, and my enthusiasm to explore
the influence of mental disorders on the physical health (and the contrary), made it
obvious to me that my PhD should focus on food addiction in individuals with mental
disorder.
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PAPERS

This PhD dissertation comprises an overview essay embracing five scientific papers.
At the time of the writing of this dissertation, two of the papers have been published.
Two are under review, and the fifth paper is in preparation.

I: Horsager C, @stergaard SD, Lauritsen MB. The Food Addiction Denmark (FADK)
Project: A combined survey and register-based study. Acta Neuropsychiatrica.
2019;31(6):325-336. d0i:10.1017/neu.2019.34

Il: Horsager C, Faerk E, Lauritsen MB, @stergaard SD. Validation of the Yale Food
Addiction Scale 2.0 and estimation of the population prevalence of food addiction.
Clinical Nutrition. 2020; 39(9):2917-2928. doi.org/10.1016/j.cInu.2019.12.030

lll: Horsager C, Feerk E, Lauritsen MB, @stergaard SD. Food addiction comorbid to
mental disorder: A nationwide survey and register-based study. Under review
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CHAPTER 1. INTRODUCTION

1.1. INTRODUCTION AND OVERALL AIM

To ease the reading of the dissertation, a short introduction to the overall aim of the
PhD project is presented here. “Food addiction” describes an addiction to
hyperpalatable foods that are highly rewarding and have an addictive potential
similar to that of classic psychoactive substances such as alcohol, cocaine, and
amphetamine. The “diagnosis” of food addiction can be established by the Yale Food
Addiction Scale 2.0 (YFAS 2.0)%, although this has not yet been formally accepted in
the major diagnostic guidelines. The YFAS 2.0 is based on the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5)? criteria for substance
use disorder, and it represents the only existing measure of food addiction. Due to
the substance of abuse, food addiction is highly correlated with obesity.? Obesity is
linked to several lifestyle-related diseases like cardiovascular diseases, diabetes, and
certain cancers, which are again associated with excess mortality.

One of the most important challenges in modern psychiatry is how to address the
excess mortality experienced by individuals suffering from mental disorders.*®
Specifically, for some mental disorders (especially the more severe disorders, e.g.,
schizophrenia and severe depression), a reduced life expectancy of up to 10-20 years
is seen.>”’ The high mortality is partly explained by the high obesity rates found in
individuals with mental disorder.>#13

Based on the high degree of comorbidity between mental disorders and addiction
disorders,’*17 and the fact that obesity rates are high in individuals with mental
disorder,?3 it seems likely that food addiction could be prevalent in this population
and could represent a mechanism linking mental disorder and obesity, ultimately
causing excess mortality (illustrated in Figure 1).

Therefore, the primary aim of this PhD dissertation was to investigate the
hypothesized comorbidity between food addiction and mental disorder to
determine whether food addiction is more prevalent in individuals with mental
disorders compared to the general population.
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Figure 1. A simplified overview of known relationships (black arrows) between mental disorder
and excess mortality, and the hypothesized relationship (red arrows) between mental disorder
and food addiction. The turquoise arrow illustrates that food addiction is likely to be related to
other addiction disorders.

1.2. BACKGROUND

1.2.1. THE ADDICTIVE FOOD ENVIRONMENT

The prevalence of obesity has risen dramatically since the 1970s.1%%° This
corresponds to more than 650 million adults and 349 million children and
adolescents with obesity across the world. The World Health Organization (WHO)
estimates that more than 2.8 million people die every year as a result of obesity; this
number is higher than the number of deaths from hunger.?®

The etiological pathways leading to obesity are numerous and complex. One theory
that has sought to explain the behavioral aspect of the obesity epidemic is the
changing food environment.?%?! Since the 1960s and 1970s, highly processed foods
that are high in refined carbohydrates and/or added fat have become cheap, easily
accessible, and heavily marketed all over the world?*%. This development has
coincided with the beginning of the obesity epidemic.?* Processed foods are highly
rewarding and seem to have an addictive potential resembling that of classical
psychoactive substances such as alcohol, marijuana, cocaine, and heroine.>?>%7

Evolving evidence suggests that some foods, especially those of high palatability, and
conventional substances of abuse have very similar effects on the brain.

22



CHAPTER 1. INTRODUCTION

Neuroimaging studies in humans and animal studies investigating the addictive
potential of food have recently been thoroughly reviewed by Lindgren et al.,?®
Lennerz & Lennerz,® and Gordon et al.8. A concise and simplified overview of the
most important findings is provided in the following, as a thorough review on the
neurobiological aspects is beyond the scope of this dissertation.

The consumption of foods is rewarding, partly by activation of mesolimbic dopamine
pathways, which is also implicated in drug addiction; this counts especially for foods
that are high in sugar and fat (highly palatable foods). In addition, among other
neurotransmitter systems, the dopamine system is involved in the prefrontal circuits
of decision-making and self-control in relation to food intake as well as the use of
conventional drugs. As a result of chronic administration of both highly palatable
foods and conventional drugs (resulting in down regulation of especially D2-
receptors), the dopamine signals dampens (resulting in tolerance), which may
transpire into behavioral changes with excessive and compulsive intake/use of
food/drugs.? Hardee et al.?® also found impaired inhibitory control in children and
adolescents with excessive intake of food.

Another key mechanism in addiction disorders is cue reactivity/incentive salience.
Incentive salience describes the "wanting" or “desire” for a rewarding stimulus and
includes motivational factors such as attention, approaching and seeking behavior in
response to a certain cue related to the drug of choice. In other words, individuals
with an addiction disorder experience increased “wanting”, and not necessarily
“liking”, in response to cues associated with the drug of choice. These factors lead to
strong cravings and drug seeking with a strong anticipation for the rewarding
stimulus to come. Functional magnetic resonance imaging (fMRI) studies have found
quite consistent brain activation patterns in relation to drug cues in conventional
addiction disorders.?® These findings have been replicated in obese samples?® with
cues related to hyper-palatable foods.332 Furthermore, it has been found that this
heightened “food cue reactivity” was able to predict energy intake and weight gain.

Lastly, as in the case for conventional addiction disorders, it has been suggested that
there is an individual proneness towards developing addiction-like overeating.
Adams et al. (2019) proposed a “cycle of addiction-like eating”, including an initial
vulnerability toward addiction related to the individual’s predefined reward
sensitivity, impulsivity and inhibitory control; this makes some individuals at greater
risk of experiencing the addictive potential of hyper palatable food.3* Some studies
on the possible underlying genetic characteristics of obesity and the addiction-like
consumption of food have been conducted with mixed results. However, this line of
research is still at an early stage.?®
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1.2.2. FOOD ADDICTION AND THE YALE FOOD ADDICTION SCALE (YFAS)

Although substance use disorders are characterized by changes in the neural
functioning, the Diagnostic and Statistical Manual of Mental Disorders defines
substance use disorders as a collection of behavioral, cognitive, and physiological
symptoms, and the diagnosis is based on a pattern of pathological behaviors.? The
diagnostic indicators of addictive disorders (e.g., loss of control, continued use
despite negative consequences, intense cravings) are not only exhibited in response
to conventional substances like alcohol and cocaine. Commonly, these symptoms are
also seen in relation to consumption of highly processed food,® which is referred to
as food addiction.36-38

The concept of food addiction dates back to the 19t century.*® Yet, food addiction
was first operationalized by researchers at the Yale University in 2009, therefore
named the Yale Food Addiction Scale (YFAS).13¢ The YFAS was originally based on the
DSM-IV criteria for substance-dependence (e.g., loss of control, continued use
despite negative consequences, withdrawal, tolerance), and questions were adapted
to reflect the use of foods instead of conventional substances. The YFAS 2.0 is based
on the DSM-52 and was developed in 2013! to replace the DSM-IV-based YFAS. In the
DSM-5, substance dependence and substance abuse (failure to fulfill role
obligations, use in physically hazardous situations, causing interpersonal problems)
were merged into a one-dimensional construct. Furthermore, “craving” was included
to reflect the preoccupation and anticipation stages of addiction.?*°

This means that the diagnostic criteria for substance-related and addiction disorders
(SRAD) now include problem-focused symptoms and cover the 11 SRAD criteria: I)
consumption of more than planned, Il) unable to cut down or stop, Ill) much time
spent, IV) important activities given up, V) use despite physical/emotional
consequences, VI) tolerance; VII) withdrawal, VIII) craving, IX) failure in role
obligation, X) use despite interpersonal consequences, and XlI) use in physically
hazardous situations. Two additional items cover the criterion on
distress/impairment. Studies have demonstrated that both the YFAS and the YFAS
2.0 have sound psychometric properties, including adequate internal reliability,
convergent, discriminant, and incremental validity.2*%4%42 Furthermore, the YFAS
and the YFAS 2.0 have been validated successfully across different groups of age,
populations, study settings, and in several languages.**->

The Yale Food Addiction Scale for Children (YFAS-C) was developed in 2013 to allow
for assessment of food addiction in children and adolescents. To ensure that the
reading level and described behavior were age-appropriate, the YFAS questions were
simplified into a lower reading level with age-appropriate content.” The YFAS-C has
also shown acceptable psychometric properties.3”°6>8 However, with the adaption
of YFAS-C to the DSM-5 and the inclusion of problem-focused symptoms in the food
addiction construct, the psychometric properties of the full 35 items of the YFAS-C
2.0 showed to be suboptimal.>® The suboptimal fit was predominantly caused by a
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low endorsement rate (less than 10% of the respondents scored two or more on a
certain question/item) of questions on problem-focused symptoms. This is in
accordance with research on classic substance use disorders, where adolescents
seem less likely to endorse problem-focused symptoms; this is probably due to the
fact that adolescents have less responsibilities and role obligations and therefore not
(yet) experience these problems.®® Therefore, a 16-item dimensional version of the
scale was developed, excluding the criteria on problem-focused symptoms; namely
the dimensional YFAS-C 2.0 (dYFAS-C 2.0).5° This version has shown promising
psychometric features in a study by Schiestl et al. from 2018.%° This study remains
the only study using this dimensional approach.

1.2.3. CLINICAL CHARACTERISTICS OF FOOD ADDICTION

Since the food addiction construct was operationalized by the YFAS, the number of
studies on food addiction has increased markedly, covering interdisciplinary
research from preclinical animal studies to advanced neuroimaging studies in
humans (described in section 1.2.1), clinical studies, and observational
studies.>?5284261 Across the clinical and observational studies using the YFAS/YFAS
2.0 as measure of food addiction, there are some relatively consistent characteristics
related to the food addiction construct. Numerous studies find a preponderance of
females with food addiction.>362%> Furthermore, food addiction is found to be
closely correlated with obesity, which is not particularly surprising due to the
substance of abuse; the higher the YFAS total score, the higher BM|14349-51,53,66-75
This is also seen in children and adolescents.?”*5575976 Fgod addiction has also been
investigated in lifestyle related diseases like type 2 diabetes, where positive
associations have been reported.”’-8!

It has been investigated whether food addiction and other addiction disorders share
certain personality traits like impulsivity, emotional dysregulation, neuroticism, and
elevated reward sensitivity.®28% Impulsivity (often negative urgency and elevated
reward sensitivity)®*#%®8491 and emotional dysregulation® 88919 are the most
investigated traits and have been found to be common among individuals with food
addiction. For instance, Brunault et al. (2018) found neuroticism, conscientiousness,
impulsivity, and alexithymia to be more prevalent in bariatric surgery patients who
fulfilled the criteria for food addiction.®

Generally, eating pathology is also found to correlate with food addiction; binge
eating and emotional eating being the most investigated.?®79%-1% However, one
study found a strong positive association between food addiction and “grazing”
patterns of overeating (defined by unplanned and repetitive eating of small to
moderate amounts of food throughout the day); this indicates that binge eating is
not the only type of compulsive eating pattern.® This resembles compulsive use
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patterns throughout the day, which are seen in conventional addiction disorders like
alcohol addiction.%

Traumas such as abuse victimization in childhood and adolescence have also been
associated with food addiction. Thus, individuals who have experienced traumas like
early-life psychological and sexual abuse seem more likely to fulfill the criteria for
food addiction.®72192103 Moreover, subjective wellbeing and quality of life seem to
be affected in individuals with food addiction; they often report significantly lower
wellbeing compared to individuals without food addiction.®

Finally, some studies indicate that individuals fulfilling the criteria for food addiction
prior to bariatric surgery are at greater risk of developing an addiction towards
another substance (e.g., alcohol or marihuana) after surgery, so-called “addiction
shift”.1%* This supports the idea that obesity and overconsumption of foods could
“protect” one from evolving other substance use disorders.%® Studies are, however,
sparse, and the findings are inconsistent.%® Furthermore, weight loss after bariatric
surgery may lead to remission of food addiction symptoms. 99194

Despite the fairly consistent findings across cultures and countries as well as several
overlaps between food addiction and conventional addiction disorders, it is
important to note that the construct of food addiction is still a subject of debate, and
some authors discuss its legitimacy.19771%° Recently, Schulte et al. (2020)*'° did a
comprehensive review in which they applied the criteria suggested by Blashfield et
al. for a new diagnostic category on the food addiction construct. They concluded
that a large body of literature support that food addiction may have clinical utility.
However, there are still several gaps in the literature, and the authors point to two
important focus areas in future research. First, they call for more extensive and
qualitative examination of the phenotype of food addiction (via the development of
a semi-structured interview). Second, they request further consolidation of the
evidence on the addictive potential of hyperpalatable foods.

Taken together, the quite consistent clinical characteristics described above indicate
that food addiction may be a clinical useful construct. However, as described initially,
most results on food addiction rely on studies with great diversity in design, setting,
and participants. In the next section, the current data on food addiction in the
general population are covered. This is followed by a section on food addiction
among adolescents — a vulnerable neurobiological period with increased
susceptibility to addictive substances.

1.2.4. FOOD ADDICTION IN THE GENERAL POPULATION

The prevalence of food addiction in community samples has been estimated to
range from 4% to 15% in adults *%97! and from 2.6% to 9% 2! in adolescents. The
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prevalence varies with country and culture and according to study design. Most
studies performed in so-called “community samples” rely on consecutive
nonprobability sampling methods, which are restricted to self-inclusion from survey
invitations announced through different medias, such as the Internet, newspapers,
flyers and by word of mouth. Therefore, there is a great risk of selection bias, and it
is likely that these “community samples” are not representative samples from the
general population.?! Two studies have aimed at obtaining more representative
samples and generalizable population estimates of food addiction prevalence by
using quota-based sampling methods.®®’! However, as quota-based sampling is
nonprobability based,'? the samples are not random; they are based on a cluster of
predefined sociodemographic and economic variables. In addition, data were not
available for non-participants; this precludes the opportunity for attrition analysis,
which could help inform the extent of selection bias.

A lack of knowledge remains on representative prevalence estimates of food
addiction in the general population. Valid population prevalence estimates are
needed to inform and implement public health initiatives. Therefore, an important
next step in the food addiction field is to obtain more valid population estimates of
food addiction. In addition, the examination of food addiction in more
representative samples would help expand our current knowledge on the construct
of food addiction and further characterize the food addiction phenotype.

1.2.5. FOOD ADDICTION IN ADOLESCENCE

Adolescence is a vulnerable neurobiological developmental period with increased
susceptibility to the addictive potential of psychoactive substances. This can partly
be explained by an imbalance between a more rapidly developing reward system
and a slower developing executive control system.137115 Furthermore, exposure to
addictive substances early in development increases the likelihood of problematic
patterns of use.!'® In the modern food environment, the exposure to hyperpalatable
food typically begins in utero and continues to be consumed regularly — often on a
daily basis — even very early in childhood.?'” Thus, adolescents have been regularly
exposed to potentially addictive foods for years prior to reaching this developmental
stage. In addition, adolescents are likely to be very sensitive (through reward
mechanisms in the brain circuits) to commercials for fast food and likely to
overconsume fast food after exposure.!’® In a world full of food stimuli, the
immature brain of adolescents is likely to be at great risk of getting addicted to these
highly processed foods.

The lack of studies using representative samples also applies to children and
adolescents.37:°257,58,119-121 | ikewise, data on food addiction in adolescents from the
general population are sparse. For these reasons, it is highly relevant to investigate
the emergence of addiction to highly rewarding foods in this population in general,
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and to investigate the construct in a potential high-risk population with mental
disorder. Studies in this age group could provide important information on the
emergence and trajectories of food addiction and help determine if adolescents with
mental disorder are at higher risk of developing food addiction.

1.2.6. MENTAL DISORDERS, ADDICTION, AND OBESITY

It is well known that addiction disorders often co-occur with mental disorders.*’

When addiction disorders accompany (other) mental disorders, the prognosis of the
primary mental disorder tends to worsen significantly. Depending on the type of
drug, this can be manifested by exacerbation of the symptomatology of the primary
mental disorder. Furthermore, the co-occurrence of an addiction disorder with
(other) mental disorders is associated with elevated risk of physical diseases'®122-124,
all with a resulting excess mortality compared to individuals without a dual
diagnosis.>!® Likewise, it has been suggested that obesity co-occurring with mental
disorders could worsen the latter, and that obesity could increase the likelihood of
suffering from a mental disorder.1?>126 Moreover, suffering from a mental disorder
may increase the likelihood of experiencing obesity.1?> The link between obesity and
mental disorder may thus be bidirectional, or even unidirectional in the direction
from obesity to mental disorder.'?” The suggested profound connection between
obesity, metabolism and psychopathology!?>1?® underscores the importance of
investigating the underlying mechanisms that lead to obesity in individuals with
mental disorder.

Besides the potential association between obesity and psychopathology, there are
other important consequences of the high obesity rates'*!2 found in individuals with
mental disorder. Obesity is among the most important and preventable risk factors
for non-communicable diseases (NCDs).}?® NCDs comprise a group of health
conditions (e.g., cardiovascular diseases, diabetes, and cancer) that are responsible
for a large part of the global disease burden, accountable for around 71% of all
deaths globally.’3° Therefore, NCDs are also likely to be an important contributing
cause of excess mortality in individuals with a mental disorder.?*'?° Because most
NCDs are preventable, and an important risk factor is obesity, the exploration of
alternative mechanisms are required to help understand the high prevalence of
obesity in individuals with mental disorder.

Based on the high obesity rates found in individuals with mental disorder and the
high degree of comorbidity with addiction disorders, it would be plausible to
hypothesize that food addiction is a prevalent comorbid condition to mental
disorders and may represent a potential link between mental disorder and obesity.

28



CHAPTER 1. INTRODUCTION

1.2.7. FOOD ADDICTION AND MENTAL DISORDERS

Depression, anxiety and eating disorder symptomatology are among the most
investigated symptoms of mental disorder in relation to food addiction. A review and
meta-analysis by Burrows et al.3! (2018) examined food addiction in relation to self-
reported mental health symptoms. The meta-analysis showed moderate
associations between food addiction and depression (0.459 (95%Cl: 0.358;0.550)),
anxiety (0.483 (95%Cl: 0.228;0.676)), and binge eating (0.602 (95%Cl: 0.557;0.643)).
The relatively consistent correlation between food addiction and self-reported
symptoms of depression and anxiety has also been replicated in more recent large-
scale studies from Brazil®® and six Asian countries,’®? and in one study where
individuals with symptoms of major depressive disorder were identified via a clinical
interview.®® The association between food addiction and symptoms of depression
has also been reported to be present in adolescents. 58121134

A relatively large overlap seems to exist in the symptomatology of eating disorders
and food addiction, and food addiction has often undergone investigation in
populations with eating disorder.>18>89135-138 Qne quite consistent finding is the
association between food addiction and bingeing sub-types of eating disorders, such
as bulimia nervosa and binge eating disorder (BED).>18%137.13% Egpecially the overlap
between food addiction and BED is widely discussed. Some authors argue for two
different syndromes®? based on the differences in symptoms, e.g., preoccupation
with weight and shape in BED, and withdrawal, tolerance, and the importance of the
type of food (hyperpalatable) in food addiction. Others argue that food addiction
comorbid to BED represents a more pathological extreme of BED.1#%'%! Based on
eating pathology, personality traits, BMI, and psychopathology, Jiménez-Murcia et
al.’3® identified three phenotypes of food addiction. The most dysfunctional
phenotype was characterized by more severe eating pathology (bulimia nervosa and
“other specified feeding and eating disorder”), psychopathology in general
(symptoms of psychosis, depression, interpersonal sensitivity, anxiety, and paranoia,
all measured by the SCL-90-R), and more dysfunctional personality traits. This is in
line with existing evidence, suggesting that food addiction in eating disordered

individuals seems to predict more severe eating pathology and psychopathology in
general.135'138'142'143

Food addiction has also been studied in relation to other mental disorders. In a
population with attention deficit hyperactivity disorder (ADHD)¥“** diagnosed
through a clinical interview and in two studies with self-reported symptoms of
ADHD,®% food addiction was found to associate with ADHD symptomatology.
Furthermore, few studies have investigated whether individuals with post-traumatic
stress disorder (PTSD) symptoms were more likely to have food addiction; all studies
found significant associations.9>146147 This parallels with the association found
between food addiction and lifetime traumas. Food addiction has also been studied
sparsely in psychotic disorders; Goluza et al. (2018) 8 examined food addiction in
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outpatients with a diagnosis of schizophrenia (and in treatment with clozapine) and
found a prevalence of food addiction in 26.9% in the sample. Kucukerdonmez et al.
(2019)™° also investigated food addiction in outpatients with a diagnosis of
schizophrenia. However, they found the prevalence of food addiction to be
considerable higher, i.e., 62.9%. Among adolescents with a first episode of psychosis,
Teasdale et al.?® found that 50% fulfilled the criteria for food addiction.

Taken together, although the existing body of research suggests that food addiction
is a prevalent condition among individuals with mental disorders, most studies are
affected by two major limitations. First, most studies rely on self-reported measures
of mental disorder!3, which holds a significant risk of information bias. Second, most
studies have no information on the sociodemographic and economic characteristics
of non-participants, which hinders analysis of attrition. Furthermore, the majority of
studies are based on self-selected samples, which rules out the opportunity to
identify the source population and increases the risk of selection bias.

To obtain more valid prevalence estimates of food addiction among individuals with
mental disorders, we conducted the FADK Project. This project used register-based
data on all invitees, which enabled comprehensive attrition analyses and estimation
of weighted prevalence of food addiction. Moreover, the study populations were
randomly sampled. In chapter 2, the aims and hypotheses of the project are further
described.
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CHAPTER 2. AIMS AND HYPOTHESES

Denmark has a longstanding tradition for combining survey data with demographic,
socioeconomic and health data from nationwide registers.’>! Furthermore, the
Danish registers allow for random sampling from the entire population, including
nationwide samples from the general population and from defined clinical
populations. Consequently, Denmark is likely to represent an almost ideal setting for
a study aiming 1) to attain valid population estimates of food addiction in the general
population, and Il) to estimate the prevalence of food addiction in well-defined
populations with a mental disorder. Accordingly, those were the aims of the Food
Addiction Denmark (FADK) Project.

2.1. AIMS AND HYPOTHESES

2.1.1. FOOD ADDICTION IN THE GENERAL ADULT POPULATION AND IN ADULTS
WITH MENTAL DISORDER

Hypothesis: Food addiction is more prevalent in individuals with a mental disorder
compared to the general population.

To allow for examination of this hypothesis, some preceding steps were completed:

I Translation and validation of the Danish YFAS 2.0 in both the general
population and in adults with mental disorder.

I Conduction of a comprehensive attrition analysis using demographic,
socioeconomic, and health register data on both respondents and non-
respondents to evaluate the generalizability of the results (selection bias).

Il Calculation of a weighted prevalence estimate of food addiction in the
general population and in adults with mental disorder.

IV. Comparison of the prevalence of food addiction between the general

population and the adults with mental disorder, and examination of food
addiction prevalence across diagnostic categories of mental disorders.
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2.1.2. FOOD ADDICTION IN THE GENERAL ADOLESCENT POPULATION AND IN
ADOLESCENTS WITH MENTAL DISORDER

Hypothesis: Food addiction is more prevalent in adolescents with a mental disorder
compared to adolescents from the general population.

As no dichotomized version of the YFAS-C 2.0 is available for adolescents, we used
the mean dYFAS-C 2.0 score to evaluate the food addiction “symptom load” in the
two populations. Specifically, the following steps were carried out:

I Translation and validation of the Danish dYFAS-C 2.0 in both the general
adolescent population and in adolescents with mental disorder.

I Conduction of a comprehensive attrition analysis using demographic,
socioeconomic, and health register data on both respondents and non-
respondents (and their parents) to evaluate the generalizability of the
results (selection bias).

Il Calculation of the weighted mean dYFAS-C 2.0 score in the general
adolescent population and in adolescents with mental disorder.

IV. Comparison of the weighted mean dYFAS-C 2.0 score between the general
adolescent population and adolescents with mental disorder, and
examination of the weighted mean dYFAS-C 2.0 score across diagnostic
categories of mental disorders.
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CHAPTER 3. METHODS

The methods section consists of the publication “The Food Addiction Denmark
(FADK) Project: A combined survey- and register-based study” (Paper 1)**2 and a
supplementary methods section (3.1 “Additional methodological considerations”).

The supplementary material for Paper | is available in Appendix E and Appendix F.
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The Food Addiction Denmark (FADK) Project:
a combined survey and register-based study
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1Aalborg University Hospital, Psychiatry, Aalborg, Denmark; 2Department of Clinical Medicine, Aalborg University,
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Abstract

Background: Obesity represents a tremendous global health problem. Studies over the past
decade have suggested that food addiction (FA), that is, physical cravings for certain foods -
high in fat/sugar - and addiction-like overeating of these types of food, is a likely
contributor to the obesity epidemic. While FA has been studied extensively, there are some
significant gaps in the literature that need to be addressed: (I) Most estimates of
the prevalence of FA are based on nonprobability sampling, which significantly limits
the representativeness of the prevalence estimates. (II) Although addiction disorders
are prevalent among individuals with mental disorders, large studies of FA among patients
with clinically diagnosed mental disorders are lacking. (III) Most addiction disorders are
heritable, but the familial transmission of FA remains virtually unknown. (IV) Due to a
relative lack of longitudinal studies, little is known about the risk factors for and outcomes
of FA. To close these gaps in the literature, we designed the Food Addiction Denmark
(FADK) Project. Methods: The FADK study is a nationwide survey with retrospective
and prospective register-based elements. Four randomly sampled cohorts were invited
to participate in the survey: 5000 adults and 3750 adolescents from the general population
and 5000 adults and 3529 adolescents with a mental disorder. The FADK questionnaire
includes the Yale Food Addiction Scale 2.0 and rating scales measuring psychopathology.
Data from Danish health and socio-economic registers will be linked to all invitees.
Discussion: We expect that the FADK Project will contribute significantly to our under-
standing of FA.

Perspectives

« The Food Addiction Denmark (FADK) study will combine a rich dataset on food addic-
tion with additional data from the Danish Registers on health and socio-economics, thus
enabling a comprehensive attrition analysis.

o The study design and the use of Danish registers will provide a unique opportunity to gain
more knowledge of food addition, including familial transmission, risk factors, and
outcomes of food addiction.

« Food addiction seems to be a prevalent comorbidity to mental disorders, meaning that
food addiction could be alink in the chain from mental disorders through obesity to excess
mortality in some individuals.

Limitations

« The use of self-reported data on food addiction and body mass index (BMI) is associated
with risk of information bias.

« Only cross-sectional measures of food addiction and BMI will be collected.

« Since not all invitees will participate in the study, there is a risk of selection bias. However,
the attrition analyses will show whether the study results can be generalised to the
populations from which the invitees were randomly drawn.

Background

Obesity rates continue to increase steeply, and more people worldwide now die from obesity
than from hunger (World Health Organisation 2019). Hunger, satiety, and hormonal control
of energy homeostasis no longer seem to play the leading role in controlling energy intake
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(Tomasi & Volkow, 2013; Volkow et al., 2013, 2017; Lennerz &
Lennerz, 2018; Lindgren et al., 2018). Indeed, it is becoming
increasingly evident that our surroundings and the changing food
environment are altering our brain and behaviour (Murray
et al., 2014) and that more interest should be devoted to this
phenomenon to understand the rising obesity epidemic.

A prevailing theory potentially explaining part of the behaviou-
ral aspect of the obesity epidemic is the so-called ‘food addiction’
hypothesis, which claims that exposure to particular foods alters
the brain and gives rise to addiction-like overeating (Volkow
et al., 2017; Lindgren et al., 2018). Indeed, ‘hyperpalatable’ foods
high in sugar and fat seem to have an addictive potential similar
to that of conventional addictive drugs, at least in some individuals
(Schulte et al., 2015; Gordon et al., 2018; Schulte et al., 2019). To
operationalise and delineate the food addiction phenotype, the
self-reported Yale Food Addiction Scale (YFAS) was developed
in 2009 (Gearhardt ef al., 2009). Originally, the YFAS was designed
for adults; later, in 2013, a version for children (the YFAS-C) was
developed (Gearhardt et al., 2013). Since the development of the
YFAS, the body of literature on food addiction has increased mark-
edly and now includes hundreds of studies covering preclinical
(animal models), clinical/experimental, and epidemiological
studies (Pursey et al., 2014a; Lindgren et al., 2018; Gordon et al.,
2018; Penzenstadler et al., 2018).

Despite the increased and interdisciplinary research interest in
food addiction, there are substantial gaps in the literature that
should be addressed to provide a better understanding of this
phenotype. Specifically, the following four areas are in need of
more attention:

The representativeness of populations used for prevalence
estimates of food addiction

The prevalence of food addiction in general populations has been esti-
mated to range from approximately 4% to 15% in adults (Hauck et al.,
2017; Nunes-Neto et al., 2017; Schulte & Gearhardt, 2018) and from
2.6% to 9% (Chen et al, 2015; Mies et al, 2017) in adolescents.
However, most studies rely on consecutive nonprobability sampling
methods that are restricted to self-selected participants responding to
survey invitations announced on the Internet or in public places.
These ‘community samples™ are therefore not representative of the
general population (Penzenstadler et al., 2018). To overcome this
problem, a few studies have used quota-based sampling methods
to obtain more representative samples (Hauck et al., 2017; Schulte
& Gearhardt, 2018). However, as the applied approaches are non-
probability based, sampling is not random, and data for nonpartici-
pants are not available. Hence, the results of these studies are likely
biased due to self-selection to an extent that cannot be determined
due to the unavailability of data describing nonparticipants.

Moreover, in order to make more representative socio-
demographic characterisations of individuals with food addiction,
it is necessary to study the phenotype in the general population.
Also, knowing the true prevalence of food addiction at the popu-
lation level is a fundamental requirement for informing potential
public health initiatives.

The association between socio-demographic factors and food
addiction has been investigated in several studies with somewhat
mixed findings. The majority of the studies, most frequently
conducted in clinical or self-selected community samples, found
no association between food addiction and the investigated
socio-demographic variables (with the exception of age and sex)
(Berenson et al., 2015; Ceccarini et al., 2015; Burrows et al.,
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2017; Hauck et al., 2017; Nunes-Neto et al., 2017). One study found
that food addiction was more prevalent among individuals who
were younger, who were Hispanic, and/or who had higher income
(Meule et al., 2017). However, the socio-demographic data were
self-reported, thereby introducing a substantial risk for report bias.

Comorbidity of food addiction with (other) mental disorders

Due to the fact that (i) the association between mental disorder and
obesity is well known (Simon et al., 2006; Luppino et al., 2010;
Manu et al, 2015; Han¢ & Cortese, 2018; Reilly-Harrington
et al., 2018; Chao et al,, 2019), and (ii) addiction is a prevalent
comorbidity to mental disorders, irrespective of the type of mental
disorder or abused substance (Regier et al., 1990), it seems reason-
able to assume that the proneness to addiction among individuals
with mental disorders applies to food addiction as well. If con-
firmed, this association could support the existence of a chain
going from mental disorder via food addiction and obesity to
excess mortality among some individuals with mental disorders
(Walker et al., 2015; Bhaskaran et al., 2018). Several studies have
found that food addiction is associated with a range of self-reported
mental health symptoms, especially depressive symptoms and
eating disorder symptoms (Burrows ef al., 2018). However, there
is a lack of studies on food addiction among individuals with
clinically verified mental disorders across the diagnostic spectrum.

Familial transmission of food addiction

It remains to be clarified whether food addiction should be consid-
ered a valid psychiatric entity. To encapsulate the validity of
psychiatric constructs, Robins and Guze (Robins & Guze, 1970)
defined five criteria. One criterion requires familial transmission
of mental disorders as a prerequisite for a psychiatric construct
to be valid. To date, only one study has investigated food addiction
in both children and parents; it reported a positive association
between the YFAS symptom scores of parents and children
(Burrows et al., 2017). Thus, further studies are needed to deter-
mine the degree of familial transmission of food addiction.

Trajectories of food addiction

While there are numerous cross-sectional studies of food addic-
tion, longitudinal studies (both retrospective and prospective)
are sparse. Thus, knowledge of the risk factors for developing food
addiction is limited. Knowing the risk factors for a disorder is a
prerequisite for identifying individuals at risk and for targeting
interventions aimed at preventing progression to pathology.
Furthermore, due to a relative lack of prospective data from
individuals with food addiction, its long-term consequences
are virtually unknown.

To cast further light on the four aspects outlined earlier, we
designed the Food Addiction Denmark (FADK) Project, which
is described in further detail here.

Methods/Design
Study design and setting

The FADK study was designed as a survey with associated
retrospective and prospective epidemiological elements. The
design of the study is illustrated in Fig. 1.
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Data sources in the FADK-Study

N

Retrospective data from Danish Registers
1969
Data from the Danish Registers on health care
and socioeconomics
Nationwide electronic survey
Cohorts
Survey assessment battery: 2018
YFAS 2.0/YFAS-C 2.0, EDE-Q, WHO-5, AUDIT, SCL
General General Psychiatric Psychiatric
population population population population
13-17 years 18-62 years 13-17 years 18-62 years
N=3750 N=5000 N=3529 N=5000
Parental Parental
population population
N=6118 N=5360
Future
Studies
Prospective data from Danish Registers

and socioeconomics

Data from the Danish Registers on health care

Fig. 1. FADK study design. The figure illustrates the cross-sectional survey with associated retrospective- and prospective epidemiological elements.

Participants

We employed random sampling to ensure that the invitees were
representative of the source population. Invitees were randomly
extracted from two nationwide Danish registers: the Danish
Civil Registration System (DCRS) and the Danish Central
Psychiatric Research Register (DPCRR). In the DCRS, all inhabi-
tants of Denmark are registered with a unique 10-digit personal
identifier that is used in all Danish public registers, thereby
allowing the linkage of data from these registers at the individual
level (Schmidt et al., 2014). The DCRS was also used to link invited
adolescents with their parents.

The DPCRR contains information (including diagnoses)
regarding all in- and outpatient contacts with psychiatric hospital
services in Denmark (Mors et al., 2011). Fig. 2 shows a flow chart of
the recruitment of participants.

To be eligible for invitation, individuals identified in the regis-
ters were required to have Danish-born parents who resided in
Denmark at the potential invitees” date of birth. Adolescents had
to live with at least one parent to be included, meaning that ado-
lescents who were institutionalised or otherwise in the care of the

authorities were not eligible. In addition, a valid Danish postal
address was required. Those who were legally incapacitated and
those with a protected address or protected name were not eligible.
In Denmark, residents can choose to have their name and address
protected, such that is not available in, for example, phonebooks or
for surveys such as the one described in this paper. The residents
must register the protection yearly online.

Individuals from the following four population samples who
were randomly drawn from the DCRS and the DCPRR were
invited to participate in the study:

Adults from the general population

A total of 5000 individuals aged 18-62 years from the general
population were randomly drawn from the DCRS and invited to
participate in the study.

Adolescents from the general population

A total of 3750 individuals aged 13-17 years from the general
population were randomly drawn from the DCRS and invited to
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"The Food Addiction
Denmark Project"
population

Study population n=17.279

Population groups
Random samples from General Psychiatric
the Danish Civil Registration System and population population
the Danish Central Psychiatric Research n=8750 n=8529
Register (period 2013 to 2017)
Adolescents Adults Adolescents Adults
Age groups 13-17 years 18-62 years 13-17 years 18-62 years
n=3750 n=5000 n=3529 n=5000
Invitation
Invitation by electronic mail (eBoks). Adolescents Adults Adolescents Adults
Reminder by surface mail to those who n=3750 n=5000 n=3529 n=5000
had not responded within two months
Parental population Parents Parents
Invited to participate in the survey n=6118 n=5360

Fig. 2. Flow chart of the study populations in the FADK Project.

participate in the study. The adolescents were invited via their
parent(s), who were also invited to participate in the survey.

Adults with a mental disorder

A total of 5000 individuals aged 18-62 years registered with a
mental disorder in the DCPRR were invited to participate in the
study. To ensure that all major mental disorders were studied in
the psychiatric population, eight diagnostic categories were defined
(Table 1) based on the 10th edition of the International
Classification of Diseases (ICD-10) (World Health Organization
Geneva, 1993). A total of 625 individuals were randomly drawn
from each of the eight diagnostic categories. This extraction was
based on the main diagnoses (the primary reason for contact with
psychiatric hospital services) stemming from in- and outpatient
contacts during the period from 2013 to 2017. The extraction of
individuals was performed hierarchically, that is, the extraction
of the sample from the F20 category (schizophrenia, schizotypal
and delusional disorders) was performed first, followed by extrac-
tion the F30 category (mood disorders) and so on. The only
exception to this rule was that the sample from the F10 category
(mental and behavioural disorders due to psychoactive substance
use) was drawn last. Individuals could be included only once.

Adolescents with a mental disorder

A total of 3529 individuals aged 13-17 years were invited via their
parent(s), who were also invited to participate in the survey. For the
adolescent population, six diagnostic categories were defined (see
Table 1) based on the ICD-10. Because substance use disorders and
personality disorders are rarely diagnosed among adolescents at
Danish psychiatric hospitals, these diagnostic groups were not
included for the adolescent psychiatric population, making this
sample smaller than the sample of the adult psychiatric population.

The procedure for data extraction was the same as that
described for the adult psychiatric population. The F20 diagnostic
category (psychotic disorders), however, was smaller in the adoles-
cent group as there were only 404 contacts within this diagnostic
category available within the defined period. Siblings of invitees
were also eligible for (random) extraction from the registers
(and hence invited to participate in the study if identified in the
DCRS and the DPCR).

Survey procedure

Individuals were invited to participate in the survey in February
2018 via a secure electronic mail system (eBoks, 2019) used by
Danish public authorities to communicate with Danish citizens.
eBoks is mandatory and linked to the personal registration
number, and approximately 89% of Danish citizens have an
eBoks mail account (Ebert et al., 2018). The invitation included
information on the purpose of the study and instructions on
how to fill in the questionnaire. The invited adolescents were
informed to fill in the questionnaire themselves.

In addition, the invitees were informed that their answers would
be de-identified, meaning that it was not possible for the investi-
gators to link the responses directly to them. Personal guidance in
filling the questionnaire was offered by e-mail and telephone. Each
personal invitation included a unique web link to the web-based
survey via www.surveyexact.dk (Rambell, 2018) and a correspond-
ing unique login to the survey webpage if the link did not work. If
siblings were extracted, all siblings were invited via their parents,
and the invitation letter contained individual login information for
each of the adolescents and for the parents, respectively.

A polite reminder to participate was sent by surface mail to
those who had not responded within 2 months. For those who were
exempted from receiving e-mail via eBoks (N'=560), the initial
invitation was sent by surface mail, and the opportunity to request
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Table 1. Definition of the categories of mental disorders defining the psychiatric study population

F10-F19 Mental and behavioural disorders due to psychoactive substance use* 625*
F20-F29 Schizophrenia, schizotypal and delusional disorders 625/4041
F30-F33 Mood disorders: mania, bipolar affective disorder, depressive episode, recurrent depressive disorder 625/625
F40-F42, F431 Phobic anxiety disorders, other anxiety disorders (including panic disorder and generalised anxiety 625/625
disorder), obsessive-compulsive disorder, post-traumatic stress disorder
F50 Eating disorders 625/625
F60-F62.1 Disorders of adult personality and behaviour* 625*
F84.0, F84.1, F84.5, F84.8  Pervasive developmental disorders (including autism) 625/625
F90, F90.1, F90.8, F98.8 Behavioural and emotional disorders with onset usually occurring in childhood and adolescence 625/625

(including ADHD)

ADHD, attention deficit hyperactivity disorder; ICD-10, International Classification of Diseases-10.

*Diagnostic categories not included in the adolescent population.
Tin this category there were only 404 eligible individuals among the adolescents.
http://www.who.int/classifications/icd/en/

a paper version of the questionnaire, including a prepaid envelope,
was offered. Participants who completed the full questionnaire
were entered into a lottery for three iPads.

Ethics

The invitees received information regarding the purpose of the
project and were informed that participation was voluntary. In
addition, the participants were informed that they could withdraw
their consent to participate at any time. The adolescent population
was invited via their parents, thereby giving the parents the
opportunity to decide whether the child should receive an invita-
tion to participate.

The project was registered at the Danish Data Protection
Agency (record number 2008-58-0028), and the use of register data
was approved by the Danish Health Data Authority and Statistics
Denmark. In Denmark, ethical review board approval is not
required for surveys and studies based on register data.

Calculation of response rates

In the calculation of the overall response rates of the survey, both
completed and partially completed questionnaires were consid-
ered. Partial completion was defined as 50-99% of all essential
or crucial questions answered; complete surveys had responses
to 100% of all the essential or crucial questions asked (The
American Association for Public Opinion Research, 2016).

Regarding the different research questions that will be
examined in the FADK study, the essential items (from the
questionnaires included in the survey) will differ, meaning
the study population will vary according to the items of interest,
and the number of participants will change depending on
the research question examined. Thus, for each analysis
performed, the number (N) of participants included will
always be specified.

The FADK questionnaire

The compiled questionnaire designed for the survey part of the
FADK study consisted of validated questionnaires (available in
the Danish language) that examine psychopathological constructs
corresponding to those used in the original validation of the YFAS,
conducted by Gearhardt et al. (Gearhardt et al., 2009, 2016), thus

enabling a validation of the Danish YFAS 2.0 and the YFAS-C 2.0.
For women, five items regarding menstruation, birth control pill
use, and pregnancy were added to the basic survey. In total, 112
questions were included in the questionnaire (the full questionnaire
is provided in the supplement S1). The estimated time required to
complete the questionnaire was 20-30 min.

Before launching the survey, a small pilot study (n=26)
was conducted to test the applicability of the questions and the
questionnaire as a whole. Comments were discussed in the
research group, and few corrections were made to optimise
wording. The final version of the questionnaire consisted of the
following components:

The Yale Food Addiction Scale 2.0 (YFAS 2.0). The YFAS 2.0 isa
35-item questionnaire that evaluates food addiction based on the
Diagnostic and Statistical Manual of Mental Disorders-5 (DSM-5)
(American Psychiatric Association, 2013) criteria for substance
dependence (Gearhardt et al, 2016). The questions are adapted
to food consumption and problematic addiction-like overeating.
Symptoms are reported for the past 12 months. Based on the com-
pleted questionnaire, 2 types of information can be extracted: a
diagnosis with 4 levels: no food addiction, mild food addiction,
moderate food addiction, and severe food addiction; and a dimen-
sional symptom score with a range from 0 to 11. Prior studies have
demonstrated that the YFAS has sound psychometric properties,
including adequate internal consistency, convergent, discriminant,
and incremental validity (Gearhardt et al., 2009; Pursey et al., 2014a;
Gearhardt et al., 2016). Furthermore, the YFAS has been validated
successfully across different clinical, age, racial, and cultural groups
and in several languages (Brunault et al., 2014; Granero et al., 2014;
Chen et al., 2015; Innamorati et al., 2015; Ahmed et al., 2016; Sanlier
et al., 2016; Swarna Nantha et al., 2016; Ahmed & Sayed, 2017;
Brunault et al., 2017; Aloi et al., 2017; Meule et al., 2017; Torres
et al., 2017; Wiedemann et al., 2018).

The Yale Food Addiction Scale for Children 2.0 (YFAS-C 2.0).
The original YFAS was first adopted for children in 2013
(Gearhardt et al., 2013); in 2018, it was updated to fit the
DSM-5 criteria (version 2.0) (Schiestl & Gearhardt, 2018). The
YFAS-C 2.0 has 35 items corresponding to the adult version,
and the language is modified to ensure that the reading level
and described behaviour are age-appropriate (Schiestl &
Gearhardt, 2018). Symptoms are reported for the past 12 months.
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Only one preliminary validation study has been published on
the YFAS-C 2.0 (Schiestl & Gearhardt, 2018). Due to the relatively
low endorsement rate of most criteria, it was not possible for the
authors to estimate a diagnostic cut-off. Instead, they suggest using
a dimensional scoring approach, at least in general populations, as
they argue that the symptoms of food addiction are less likely to be
fully developed in childhood and adolescence (Schiestl &
Gearhardt, 2018).

Translation of the YFAS 2.0 and the YFAS-C 2.0. The YFAS 2.0
and the YFAS-C 2.0 were translated into Danish in accordance
with the World Health Organization (WHO) guideline for trans-
lation of psychometric instruments (Sartorius and Kuyken, 1994).
Gearhardt approved the back-translated versions in order to
ensure that the content corresponds with the original versions
of the two scales (Gearhardt et al., 2009, 2016).

Eating Disorder Examination Questionnaire (EDE-Q). The
EDE-Q is a 28-item questionnaire based on the clinical interview
Eating Disorder Examination (EDE) that examines eating pathol-
ogy during the past 28 days. The EDE is often referred to as the
‘gold standard’ questionnaire for eating disorders. The EDE-Q
has satisfactory psychometric properties (Mond et al, 2004;
Berg et al., 2012) and has been validated in a large range of settings,
including adult community samples (Mond et al., 2004; Friborg
et al., 2013), adolescent populations (Penelo et al., 2013), and eating
disordered populations (Berg et al., 2012; Ro et al., 2015). In addi-
tion, the EDE-Q was found to be superior for capturing binge eat-
ing episode frequency compared with other self-report measures in
a study of a population with binge eating disorders (BED) (Celio
et al., 2004). EDE-Q contains four subscales: Dietary Restraint,
Weight Concern, Shape Concern, and Eating Concern. Each sub-
scale is scored individually, and a global score is obtained by adding
up the scores for the four subscales. To our knowledge, the Danish
version of the EDE-Q has not been validated. However, the
Norwegian version is very well validated (Friborg et al, 2013;
Ro et al., 2015), and Norwegian and Danish are mutually intelli-
gible languages. In addition, the populations of Denmark and
Norway are very similar with regard to socio-demographic factors
and ethnicity. We, therefore, assume that the psychometric proper-
ties of Danish version of the EDE-Q are in line with those of the
Norwegian version.

Body mass index. As a part of the EDE-Q, weight and height are
reported. The text in the questionnaire encourages participants
to be as precise as possible. Based on this information, we will
compute the BMI for the adult participants. For the adolescent
population aged 13-17 years, the BMI-z score will be used. The
BMI-z score is a measure of relative weight adjusted for the age
and sex of the child and converted to the equivalent BMI for
age percentile via calculations (Must & Anderson, 2006).

The Symptom Checklist-92 (SCL-92). The SCL-92 is a question-
naire examining a broad range of psychopathology occurring
within the past week. The SCL-92 is considered to provide valid
information on psychopathology in community samples of both
adults (Carrozzino et al., 2016) and adolescents with and without
mental disorder (Rytili-Manninen et al., 2016). The full SCL-92
consists of several subscales. The Danish version of the SCL-92,
including some of the subscales, has undergone psychometric
validation (Bech et al., 2014; Carrozzino et al., 2016). We included
the following subscales because these psychopathological condi-
tions have been shown to be associated with food addiction
(Burrows et al., 2018): interpersonal sensitivity (IPSs), major
depression (excl. SCL-92 item #15 regarding suicidality, which
was removed for ethical reasons), depression (SCL-Ds), anxiety

Horsager et al.

Table 2. Hopkins Symptom Checklist-92 subscales included in the FADK Project

Major depression #14, #15%, #19, #26, #30, #32, #41, #55, #66, #78

Depression (SCL-Dg) #14, #26, #30, #31, #32, #71

Anxiety (SCL-ASSg) #2, #23, #31, #45, #50, #65, #72, #73

Interpersonal sensitivity
(SCL-IPSs)

ADHD

#6, #21, #34, #36, #37, #41, #61, #69, #73

#9, #11, #24, #28, #55, #78

ADHD, attention deficit hyperactivity disorder; SCL-92, Symptom Checklist-92.
*Question #15 regarding suicidality was removed for ethical reasons.

(SCL-ASSs) (Bech et al., 2014), and the attention deficit hyperac-
tivity disorder subscale (Carrozzino et al, 2016). The subscale
score is defined as the sum of the individual item ratings. Table 2
shows the included subscales from the SCL-92.

Alcohol Use Disorder Test (AUDIT). The AUDIT was developed
by the WHO and has been translated into many languages, includ-
ing Danish (Babor et al., 2001). AUDIT is a widely used screening
instrument to detect alcohol dependence and problematic use of
alcohol (Reinert & Allen, 2007). It consists of 10 items covering
problematic alcohol consumption, including frequency and
amount, during the past year. The AUDIT total score is defined
as the sum of the individual item ratings (each item is rated from
0 to 4) and has a range from 0 to 40.

The AUDIT has been successfully validated in different age
groups, including adolescents (Knight et al., 2003), and several
studies have concluded that the AUDIT is a reliable screening tool
for alcohol-related disorders in community samples and among
individuals with mental disorders (Reinert & Allen, 2007;
Lundin et al.,, 2015).

The WHO-5 Well-Being Index. The WHO-5 Well-Being Index
is a widely used five-item questionnaire that examines subjective
psychological well-being over the past 2 weeks. The WHO-5 total
score is defined as the sum of the individual item scores (each item
is rated from 0 to 5) - multiplied by 4 - and has a range from 0 to
100, with 100 representing maximal well-being. The WHO-5 has
been validated across different age groups, cultures, and study set-
tings, and has consistently demonstrated sound psychometric
properties (Topp et al, 2015). This also holds true for the
Danish version of the WHO-5 (Bech et al., 2003).

Register data for attrition analyses, characterisation of partici-
pants, and retrospective/prospective studies. Data from a wide range
of registers containing individual-level data on health care and
socio-economic aspects are available to researchers in Denmark
following the approval of a research protocol describing how the
data will be used (Munk-Jorgensen & Ostergaard, 2011). The
unique personal identifier from the Danish Civil Registration
System allows data from these registers to be linked at the individ-
ual (but de-identified) level.

Most of the included registers contain data from as early as the
1970s, allowing for a retrospective investigation of the participants.
Using these data it will be possible to investigate, for example,
whether specific socio-demographic characteristics or prior somatic
and psychiatric conditions are associated with food addiction.
Furthermore, based on the assumption that food addiction is a
relatively stable trait, we plan to conduct register-based follow-up
of the cohort members (2, 5, and 10 years after the initial survey)
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Fig. 3. An overview of the Danish registers providing data to the FADK Project.

to investigate potential outcomes of food addiction, such as lifestyle-
related diseases (diabetes, cardiovascular disease, stroke, etc.) and
excess mortality. Finally, we also plan to conduct a follow-up survey
among the cohorts in this project. This will allow for an investigation
of the stability of food addiction as well as identification of new cases
of food addiction.

An overview of the registers used in the FADK Project is
provided in Fig. 3. A more detailed overview of the specific
socio-demographic and health-related variables included in the
attrition analyses can be found in supplement S2.

Statistical analyses

Psychometric validation of the YFAS 2.0 and YFAS-C 2.0. The psy-
chometric validation of the Danish versions of the YFAS 2.0 and
YFAS-C 2.0 will be performed in agreement with the original work
by Gearhardt et al., including an examination of the internal reli-
ability and a confirmatory factor analysis. The convergent, dis-
criminant, and incremental validity (Gearhardt et al, 2009,
2013, 2016; Schiestl & Gearhardt, 2018) of the YFAS 2.0/
YFAS-C 2.0 will be tested by establishing the degree of correlation
between the YFAS 2.0/YFAS-C 2.0 scores and scores on scales
measuring  related/discordant  constructs (EDE-Q, SCL-92
subscales, and AUDIT), chosen in accordance with prior validation
studies (Aloi et al., 2017; Meule et al., 2017; Granero et al., 2018).

Attrition analyses. Data generated from the survey will
predominantly be analysed using descriptive statistics, including
attrition analyses comparing nonparticipants with participants.
This comparison will include the following socio-demographic
and health parameters obtained from the Danish national regis-
tries: age, sex, marital status, educational level, occupation status,
income, urbanisation, prior mental disorder, and somatic illness/
comorbidity, as measured by the Charlson Comorbidity Index
(Charlson et al., 1987). For the adolescent population, most data

on these parameters will be reported for the cohabiting parent(s),
as these data will be more informative.

Wave analyses. To handle potential non-response bias, we will
conduct a wave analysis (Lin & Schaeffer, 1995; Lahaut et al., 2003).
Late responders have a tendency to be similar to nonparticipants in
what is known as the ‘continuum of resistance’ model (Lin &
Schaeffer, 1995; Gregory et al., 2013). Differences in the distribu-
tion of defined socio-demographic variables between response
waves, that is, early versus late responders, will be analysed to
elucidate whether early responders differ from late responders.

Multiple imputation. Multiple imputation (Pedersen et al,
2017) will be performed when relevant. Imputation is conducted
for responses with a maximum of 5-10% missing values per rating
scale, and sensitivity analyses of the imputation-modelled datasets
will be performed.

Description of participants with food addiction compared to
those without food addiction. Analyses addressing potential
differences in socio-demographic and health status between partic-
ipants with food addiction and those without food addiction will be
conducted.

Means and standard deviations (SDs) for continuous variables
and relative frequencies for categorical variables will be reported.
Associations between food addiction status and socio-
demographic/health status and self-reported mental health will be
examined using analytical statistics enabling multivariate adjust-
ment (e.g logistic and linear regression including hierarchical
regression models). By stratifying the regression analyses on individ-
ual socio-demographic factors, we will be able to assess if any of the
factors are associated with food addiction. Such knowledge could
lead to a better understanding of the ‘poverty-obesity paradox’
(Hruschka, 2012; Salmasi & Celidoni, 2017; Bentley et al., 2018).

Comorbidity of food addiction with (other) mental disorders and
familial transmission of food addiction. Making causal inference
based on observational data is challenging. In an attempt to test
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whether the association between food addiction and obesity/
lifestyle-related diseases is indeed predominantly representing
an effect of food addiction on obesity/lifestyle-related diseases
(and not vice versa), we plan to employ the directed acyclic graphs
approach (Pearl, 1995; Wouk et al, 2018). Furthermore, the
directed acyclic graphs can also be employed in the analysis of
familial transmission of food addiction.

Discussion

The FADK Project is the first investigation of food addiction
conducted in a Scandinavian country, where access to comprehensive
national register data on socio-economics and health care is avail-
able. This provides a unique opportunity to generate new knowl-
edge on food addiction. Specifically, the FADK Project was
designed to address four gaps in the literature on food addiction:

The representativeness of populations used for prevalence
estimates of food addiction

Prior prevalence estimates of food addiction in different popula-
tions are predominantly based on nonprobability sampling, which
calls the validity of the prevalence estimates into question. In the
FADK Project, the random samples from both the general popu-
lation and the population with mental disorders - in addition to
the availability of extensive register data on both participants
and nonparticipants — will enable us to conduct comprehensive
attrition analyses to evaluate and quantify potential selection bias
and hence the validity of the food addiction prevalence estimates.

In addition, in order to minimise selection bias, all invitees —
irrespective of which cohort they belonged to - received the same
information material. Importantly, the invitation consignee was
the university hospital and not the psychiatric department. This
choice was made deliberately to avoid low response rates and
selective nonresponse due to stigma related to mental disorders
(Carrozzino et al, 2016). To encourage invitees with lower
socio-economic statuses to participate, the respondents were
entered into a lottery for iPads. Competitions and lotteries in
surveys have been documented to heighten response rates among
lower socio-economic groups (Edwards et al., 2009).

Finally, a Danish study comparing response rates from paper
based and web-based questionnaire invitations (sent via eBoks)
found a difference around 10% in the favour of the paper-based
version. However, no significant difference in socio-demographic
variables in the nonresponding groups was found, indicating
that the level of selection bias was not different between the
paper-invited and the web-invited group (Ebert et al,, 2018).

Comorbidity of food addiction and (other) mental disorders

Several studies have suggested that there is a strong association
between food addiction and (other) mental health problems
(Goluza et al., 2017; Kucukerdonmez et al., 2017; Burrows et al.,
2018; Mills et al., 2018). The majority of these studies, however,
are based on self-reported mental health problems/mental disor-
ders (Burrows et al., 2018). Data from the FADK Project allow
us to investigate food addiction as a comorbid condition to clini-
cally verified mental disorders diagnosed at psychiatric hospitals
(derived from the DPCRR). In addition, food addiction symptoms
will be examined in relation to the self-reported psychiatric symp-
toms from the included SCL-92 subscales, the EDE-Q, and the
AUDIT. We expect to find that food addiction (like other types
of addiction) is prevalent among individuals with mental disorders

Horsager et al.

and that this association may be on the path that leads some indi-
viduals with mental disorders via obesity/metabolic syndrome to
excess mortality (mental disorder — food addiction — obesity/
metabolic syndrome — increased morbidity — excess mortality).
If this is indeed the case, interventions aimed at preventing and
treating food addiction may provide a means of reducing the excess
mortality among individuals with mental disorders.

Familial transmission of food addiction

Most addiction disorders have a strong hereditary component that
interacts with environmental factors (Merikangas et al, 1998;
Wang et al., 2012; Yu & McClellan, 2016). It is therefore of impor-
tance to investigate whether food addiction resembles other addic-
tion disorders in terms of genetic susceptibility and environmental
risk factors, that is, the familial transmission of the condition. To
our knowledge, only one prior study has investigated this aspect
and found a positive association between the YFAS scores of chil-
dren (n=150) and their parents (n =150) (Burrows et al., 2017).
Due to our collection of data on food addiction from both children
and their parents, the FADK Project will allow extensive analyses of
familial transmission among children both with and without men-
tal disorder. First, the direct correlation between food addiction
symptoms in adolescents and food addiction symptoms in their
parents can be investigated. Second, retrospective register data
allow us to examine the environmental component of the upbring-
ing and maybe find potential patterns in socio-demographic fac-
tors characterising families with high burden of food addiction
symptoms. Moreover, in the future, we can conduct a follow-up
study and investigate outcomes in families with food addiction
symptoms. Also, we can use directed acyclic graphs to do more
advanced examinations of the familial transmission of food
addiction. Finally, the establishment of the parent-offspring cohort
will provide us with an opportunity to collect DNA from the
cohort members in the future. The possibility of combining cross-
generational genetic data with information on psychosocial factors
from the Danish registers will be a very powerful tool to disentangle
the genetic and environmental contributions to the development of
food addiction (Pedersen et al., 2018).

Trajectories of food addiction

There is a paucity of longitudinal studies on food addiction. Most
studies with (relatively short) follow-up have focused on the stabil-
ity of the food addiction construct (Chen et al., 2015; Torres et al.,
2017). Thus, longitudinal studies focusing on risk factors and out-
comes of food addiction are needed. The linkage of register data
with the survey data from the FADK Project provides a unique
opportunity to conduct longitudinal studies of food addiction.
Such studies are likely to identify risk factors for food addiction
that may enable the targeting of preventive interventions. Future
follow-up studies of the FADK cohort will have the potential to cast
light upon the long-term consequences of food addiction (e.g.
medical morbidity, psychiatric morbidity, and mortality) and
clarify whether it is necessary to intervene with treatment.

Limitations

Although the FADK Project has been carefully designed, it has
some important limitations.

First and foremost, we used a self-report web-based question-
naire to obtain information about food addiction and mental
health, and self-report measures are less valid than information
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obtained from an objective clinical interview (Fairburn & Beglin,
1994; Eaton et al., 2000). However, sensitive information regarding
mental health and eating concerns may be more accurately
conveyed when it is anonymously self-reported (in this study,
de-identified), potentially reducing the risk of information bias
(Joinson, 1999).

Second, the study uses self-reported weight and height. Self-
reported anthropometrics such as weight and height tend to be
misreported, leading to systematically lower BMI values in the high
BMI range and an overestimation of BMI values at the low end of
the BMI range (Stommel & Schoenborn, 2009). However, when
compared to objectively measured BMI, self-reported BMI
measures nevertheless seem to have acceptable validity (Pursey
et al., 2014b).

Third, our measurements of food addiction, eating pathology,
psychopathology, and well-being were cross-sectional, and the
symptoms may represent only a snapshot of the continuum of
severity. However, the included rating scales ask for symptoms
within a time horizon of at least 1 week, some up to 1 year.

The differences in the time frame considered by the included
measures/scales (YFAS 2.0/YFAS-C=1 year, AUDIT=1 year
for items #9 and #10; the other measures = significantly shorter
time frames) could potentially be a problem. However, like other
substance use disorders (e.g. alcohol addiction), food addiction is
considered to be a fairly constant phenotype (Chen et al., 2015;
Pursey et al, 2016; Torres et al, 2017; Volkow et al., 2017;
Lindgren et al., 2018). Consequently, the scores obtained with
YFAS 2.0/YFAS-C are expected to be representative of the current
eating and food-seeking behaviour. Therefore, comparing YFAS
2.0/YFAS-C scores to scores from measures considering shorter
time frames should be a valid approach - and is in line with prior
validation studies (Aloi et al., 2017; Meule et al., 2017; Granero
et al., 2018).

Fourth, to ensure that all invitees were able to understand the
Danish language, only Danish-born citizens with Danish-born
parents were invited. Consequently, the samples are not directly
generalisable to the Danish population. However, as the Danish
population in itself is quite ethnically homogeneous (in 2019,
86% of the population is of Danish origin) (Statistics Denmark,
2019), the results of the FADK Project will be representative for
a large fraction of the general population. In addition, as only indi-
viduals with a current valid postal address were included, homeless
individuals were not invited. Adolescents who were institutional-
ised (e.g. in orphanages) or otherwise in care of the authorities were
also ineligible to be invited. Knowing that mental disorders or
problems are prevalent among the homeless (Nielsen et al.,
2011) and in adolescents in the care of the authorities, this could
contribute to selection bias. Homelessness is, however, rare in
Denmark, and in 2017, there were 6600 homeless individuals in
Denmark - corresponding to a prevalence of 0.11% (VIVE - the
Danish Center for Social Science Research, 2017; Statistics
Denmark, 2019). In 2015, around 13.500 (0.86%) children and
adolescents were in the care of the authorities (the National
Board of Social Services, 2015), and in 2017, 6200 (0.12%) adults
were institutionalised (Statistics Denmark, 2019).

Furthermore, as some individuals invited to the survey will
likely be unable to participate because of, for example, dementia,
mental retardation, dyslexia, a response bias may be expected.
Alternative approaches (e.g. personal interviews and measures/
scales developed for use in specific groups) are necessary to recruit
individuals from these groups, but this is beyond the scope of
this study.
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We deliberately oversampled (stratified probability sampling)
less common mental disorders, resulting in subsamples that are
not representative for the prevalence of these conditions in the
source population (Aday & Cornelius, 2006). Thus, knowing that
individuals with some of the more rare and severe mental disorders
(e.g. psychotic disorders) will probably be less able/willing to
participate in the study, the oversampling strategy was chosen to
mitigate this problem. Therefore, when analysing the data stem-
ming from the psychiatric populations, we will add weights to
adjust for the relative oversampling/undersampling of the different
diagnostic groups (inverse-probability weighting Rothman et al.,
2008). This will provide a weighted prevalence estimate of food
addiction in the psychiatric population across the diagnostic
groups, which should mirror the prevalence in the source
population - when taking selection bias into account via the
attrition analyses.

Finally, the invitees were allowed to continue answering
questions even if they skipped one or more questions. The use
of this strategy in web-based surveys imitates those used in pen-
and-paper questionnaires and is known to encourage participants
to continue answering, even if they find some questions hard to
answer or if they do not want to answer one or more questions.
Consequently, some of the responses have missing items, and when
relevant for the analysis, those with 5-10% of missing items will
be handled with multiple imputations.

Conclusion

The FADK Project is among the largest studies of food addiction to
date. We believe that the very rich dataset established with the
FADK Project will allow for analyses that will provide important
new knowledge regarding food addiction, to the benefit of those
struggling with this problem.
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3.1. ADDITIONAL METHODOLOGICAL CONSIDERATIONS

In this section, some of the methodological aspects described in Paper | is further
elaborated. In addition, some changes were made in the methodology compared to
that presented in Paper |, and these changes are also described in this section.

3.1.1. PARTICIPANTS

The extraction of participants included in the adult and adolescent populations with
a mental disorder is more thoroughly described below.

3.1.1.1 Adults with mental disorder

The algorithm for the sampling procedure included the individuals on the basis of
the following criteria: 1) a contact (inpatient or outpatient) at a Danish psychiatric
hospital facility in the period 2013-2017,11) the diagnosis was the primary reason for
the contact (i.e. the main diagnosis), Ill) emergency department contacts were not
included, IV) the sampling from each of the eight categories was random, and V) the
sampling procedure was executed hierarchically, thereby extracting the most severe
diagnostic categories first. The hierarchical sampling strategy ensured that the
invitees were most likely included in the category with the most severe diagnosis.
The same person could only be included once, even if the person was registered with
more than one diagnosis.

3.1.1.2 Adolescents with mental disorder

The same sampling algorithm was used as described above. However, only six
diagnostic categories of mental disorders were included for the adolescent
population (see Table 1 in Paper | above).

3.1.2. THE DANISH REGISTERS

Denmark has a wide range of comprehensive nationwide registers containing
individual-level data on health care and socioeconomic issues. Data from the
different registers are available to researchers following an approval process. The
application process includes an extensive research protocol, with a detailed
exposition on how the data will be used, and arguments on why this data are
needed.’®*1>* The application for register data needs approval from the Danish
Health Data Authority and/or Statistics Denmark. Furthermore, studies using register
data must be registered at the Danish Data Protection Agency.

The two registers that were used for sampling of the study publication in this project
(the Danish Civil Registration System and the Danish Psychiatric Central Research
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Register) are described below. For a more thorough description of the other registers
used for the attrition analyses, please see the cited articles in Paper | (Chapter 3).

3.1.2.1 The Danish Civil Registration System (DCRS)

All citizens in Denmark are assigned a unique personal identification number at birth
or immigration; this personal civil registration (CPR) number is recorded in the
DCRS.' The DCRS was established in 1968 and contains daily updated information
on migration and vital status, name and address, date and place of birth, civil status,
and information on children.’>> The latter gives the opportunity for linking parents
and children by the CPR number. The CPR number also allows linkage of data from
the different Danish registers on an individual level.

3.1.2.2 The Danish Psychiatric Central Research Register (DPCRR)

The DPCRR%31% contains information regarding all inpatient and outpatient contacts
at psychiatric departments in Denmark since 1969. It contains all assigned diagnoses,
onset and end time of any treatment and admission, and type and place of
admission. All the recorded diagnoses in the DPCRR are assigned as a part of
everyday clinical practice by physicians who are trained in the psychiatry field. The
DPCRR includes only contacts with the psychiatric hospital system. Contacts at
private practicing psychiatrist or general practitioners are not recorded in the
DPCRR.1531%6 |t js important to note that all Danish citizens have equal access to
diagnostics and treatment in the health care system, which is tax-financed. This
includes both general practitioners and inpatient/outpatient hospital facilities.

All information in the register is linked by the CPR number, which also provides the
opportunity to link information from the DPCRR to other nationwide Danish
registers.

3.1.3. EBOKS (DIGITAL MAIL)

eBoks (digital post) is a secure electronic mail system that Danish public authorities
use to communicate with Danish citizens regarding important subjects like pension,
tax, and information related to health care, e.g., hospital appointments.*>” All Danish
citizens with a CPR number have an eBoks online digital mailbox; it is mandatory and
is used by approximately 91.7% of Danish citizens. However, citizens that are unable
to use digital communication may be exempted from using eBoks.'>’

3.1.4. INVITATION AND REMINDER

The invitation letter was prepared to ensure that the study purpose and the rights
of the invitees were clearly stated and easily readable. In addition, there was
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information on anonymization (responses would be de-identified) and informed
consent. Furthermore, invitees were informed of the opportunity to redraw, at any
time, their informed consent to participate. In addition, a simple and concise
instruction was included on how to open the personal link to the web-based survey
via www.surveyexact.dk®>® and how to fill in the questionnaire. Lastly, the letter
included name and contact information on the main investigator, so invitees could
get further information on the study or actively notify if they did not want to
participate. If the invitees did not respond to the invitation within 6 weeks, they were
sent a polite reminder by surface mail. The reminder included the same information
as the initial invitation. In the adolescent populations, the invitation letter was sent
to the eBoks account(s) of cohabiting parents. Therefore, the parents decided
whether the adolescent should have the invitation to participate in the survey.

3.1.5. MEASURES

Additional information on each of the included measures in the compiled FADK
questionnaire is provided below. This includes a description of the variables used in
the psychometric analyses of the construct validity.

3.1.5.1 The Yale Food Addiction Scale version 2.0

The YFAS 2.0 is a 35-item self-report questionnaire with a Likert-type format that
evaluates food addiction. The YFAS 2.0 has two scoring options. One is a categorical
option based on severity; no food addiction, mild food addiction (2-3 SRAD
symptoms), moderate food addiction (4-5 SRAD symptoms), and severe food
addiction (>6 SRAD symptoms). Another is a dimensional scoring option, which
reflects the number of endorsed SRAD symptoms (0-11 SRAD symptoms). Each SRAD
criterion is represented by two to five items focusing on symptoms related to this
criterion, e.g., withdrawal. For each item, a cut-off value is set; if one item reaches
this cut-off, the SRAD criteria (that the item represents) is considered endorsed and
adds one to the total SRAD symptom score. Therefore, the total score ranges from
zero to 11. To meet the diagnosis of food addiction, the criterion of significant
impairment and/or distress should be endorsed.

3.1.5.2 The dimensional Yale Food Addiction Scale for Children version 2.0

The 16-item dimensional Yale Food Addiction Scale for Children (dYFAS-C 2.0)*° was
developed in 2018; it includes only items reflecting criteria related to dependence,
excluding criteria on problem-focused symptoms. Symptoms are reported for the
past year, and each item can be rated on a Likert-type scale from zero to four. The
dYFAS-C 2.0 allows only for a dimensional scoring option, which is calculated by
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adding each item score (ranging from zero to four) up to the dYFAS-C 2.0 total score
(ranging from zero to 64).

3.1.5.3 Translation of the YFAS 2.0/YFAS-C 2.0 into Danish

The translation of the YFAS 2.0 and the YFAS-C 2.0 into Danish was performed in
accordance with the World Health Organization (WHO) guideline for back-
translation of psychometric instruments. 139160

Two bilingual clinical physicians with experience in the field of psychiatry each
translated the two original English scales (YFAS-C 2.0/YFAS 2.0) into Danish. The two
physicians discussed their respective versions, e.g., wording and discrepancies, and
produced one combined translated version of each of the two scales. A bilingual
English-speaking translator, who had no knowledge of the original questionnaire,
translated the Danish versions back into English. Dr. Ashley N. Gearhardt then
approved the back-translated version of the YFAS-C 2.0 and the YFAS 2.0 to ensure
that the content of the translated scales corresponded with the original version of
the two scales.>*® Any differences between the forward- and the back-translated
versions were discussed and resolved by consensus.

The Danish YFAS 2.0 and YFAS-C 2.0 were included in a small pilot study (covering
the age span 13-60 years), and few corrections were made to optimize the wording.
The 5-item World Health Organization well-being index (WHO-5)

The WHO-5! was not included in the analyses for this PhD dissertation, but it will
be included in future publications examining the association between food addiction
and well-being.

3.1.5.4 The Hopkins Symptom Checklist-92 (SCL-92)

The full version of the SCL-92 consists of several subscales. The ADHD subscale'®?

was the only one included in the psychometric analysis of the convergent validity.
The subscale was used as a measure of ADHD symptomatology and impulsivity,
which both have shown to correlate with food addiction.568486

The remaining SCL-92 subscales were not included in analyses for this PhD
dissertation, but they will be included in future publications on the FADK Project.

3.1.5.5 The Eating Disorder Examination Questionnaire (EDE-Q)

All four EDE-Q'®® subscales and the global score were included in the evaluation of
the construct validity. The total global score and the subscales on eating, weight, and
shape concern were used in the analysis of the convergent validity.>>>* Restrained
eating®® was used in the analysis of the discriminant validity, whereas binge eating
frequency was used in the analysis of the incremental validity.%%>3

49



FOOD ADDICTION COMORBID TO MENTAL DISORDERS

3.1.5.6 The Alcohol Use Disorder Test (AUDIT)

The AUDIT®* was used as a discriminant measure in the construct validity analyses,
as previous studies found no or a negative association between alcohol use disorder
and food addiction.®*7° Additionally, obesity and substance use disorders (including
alcohol dependence disorder) are often negatively correlated.?

3.1.5.7 Body Mass Index (BMI) and BMI z-score

Weight and height were reported as a part of the EDE-Q questionnaire. BMI was
categorized according to the definitions by the WHO: underweight: BMI<18.5;
normal weight. BMI=18.5-24.9; overweight (pre-obese): BMI=25.0-29.9; obese:
BMI>30. Reported height under 100 centimeters or weight under 30 kilograms were
considered biologically implausible and were excluded from the analyses.

For the adolescent population aged 13-17 years, the BMI-z score was computed. In
growing children and adolescents, the Body Mass Index (BMI) varies with sex and
age. The BMI z-score!®® takes into account the common growth according to both
sex and age.'®® The BMI z-score was categorized according to definitions by the
WHO®: underweight/thinness: <-2 SD; normal weight: -2 SD > +1 SD; overweight:
+1 SD < +2 SD; and obese > +2 SD. For adolescents, BMI| z-scores of >+5.5 and <-4.5
were considered biologically implausible and were excluded from the analyses.

3.1.6. CHANGES IN METHODOLOGY

Few changes have been made in the methodology compared to that described in
Paper 1.1 The changes concern statistical aspects, namely the handling of missing
data (described section 3.1.7.2) and attrition from the survey. Instead of using wave
analysis to evaluate the impact of selection bias, we used augmented inverse
propensity weighting (AIPW).167-168 AIPW has the advantage of providing weighted
prevalence estimates, which account for attrition. This was only possible due to the
availability of register data on all invitees. Wave analysis only gives an indication of
whether the crude estimate may be affected by selection bias, but it does not
provide a weighted estimate prevalence estimate. Therefore, AIPW was preferred
over wave analysis (the AIPW model is further described in section 3.1.7.6).

A more extensive section on the statistical analyses is found below.

3.1.7. STATISTICAL ANALYSES

The underlying model assumptions were checked prior to all statistical analyses,
and alternative non-parametric analyses were chosen if assumptions were not met.
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The specific details on each analysis are provided below. All analyses were
conducted using Stata statistical software version 15.1.

3.1.7.1 Definition of partial and complete respondents

Adult populations

Complete response to the YFAS 2.0 was defined as having answered all 35 questions.
A partial response to the YFAS 2.0 was defined as having answered a minimum of
one question per SRAD criterion, which enabled the scoring of each criterion
(including that on impairment/distress). This made it possible to compute the YFAS
2.0 continuous symptom score and categorical score (no food addiction, mild food
addiction, moderate food addiction, or severe food addiction) for partial responses.
Hence, the prevalence estimation of food addiction was based on data from both
complete and partial responses to the YFAS 2.0.

Adolescent populations

As described previously, the total score of dYFAS-C 2.0 is based on all 16 questions.
Therefore, only invitees with complete responses to all 16 questions were
considered as respondents, and partial responses were not relevant for the
adolescent population.

3.1.7.2 Missing data

For the confirmatory factor analysis, we deliberately chose solely to include
complete responses of the YFAS 2.0/dYFAS-C 2.0. This choice was made to ensure
that the validity analyses were based on raw data. Imputation of missing values was,
therefore, not necessary. The same applied for the analyses of the construct validity
(Pearson’s correlations, ANOVA, and hierarchical linear regression analyses), which
included other measures than the dYFAS-C 2.0. Here, both the dYFAS-C 2.0 and the
other scale/subscale of interest should be complete in order to qualify for inclusion.
Thus, the sample size differs, and the N for a given analysis is always provided.
Furthermore, the inspection of missing values in the data set revealed a quite clear
trend; more values were missing at the end of the FADK questionnaire. Typically,
respondents answered most items of a given subscale in the questionnaire and then
stopped when a new scale was presented in the compiled questionnaire. This also
resulted in values that were “missing not at random”. Together, this complicated the
use of multiple imputation.16%17°

51



FOOD ADDICTION COMORBID TO MENTAL DISORDERS

3.1.7.3 Psychometric analyses

Confirmatory factor analysis

The YFAS 2.0: The confirmatory factor analysis tested the fit for a single-factor model
and a two-factor model, using the maximum likelihood and robust estimation. The
confirmatory factor analysis for the single-factor model was based on the eleven
DSM-5 SRAD criteria (and not at item level), excluding the criteria for distress and
impairment. In the analysis testing the two-factor model, the first factor included the
eight SRAD dependence criteria plus “craving”, and the second factor included the
three SRAD abuse criteria (“use despite interpersonal/social consequences”, “failure
in role obligation”, and “use in physically hazardous situations”). It is widely
discussed which fit indexes are relevant to include in the assessment of model fit in
a confirmatory factor analysis, and when a model fit is to be considered
adequate.t’172 Based on the previous validation studies of the YFAS 2.0, 5953137 we
included the following fit indexes: the confirmatory fit index (CFl), the Tucker Lewis
Index (TLI), the root-mean-square error of approximation (RMSEA), and the Chi? test.
The internal consistency was examined by the Kuder-Richardsons alpha.'”®

The dYFAS-C 2.0: The confirmatory factor analysis was only conducted for a single-
factor model (based on the 16 items), using the maximum likelihood and robust
estimation. The following fit indexes, which were also used in the original study,®
were included: CFI, TLI, RMSEA, and standardized root mean square residual (SRMR).
The internal consistency was examined through Cronbach’s alpha.

The assumptions of multivariate normality for the CFA analyses (for both the YFAS
2.0 and the dYFAS-C 2.0) were assessed by Q-Q plots only, as tests for normality. For
example, conducting the Shapiro-Wilk test in large samples are likely to reject the
hypothesis of normality due to negligible deviations from the normal distribution. In
case of non-normal distributions, the robust maximum likelihood was applied in the
CFA model.'7

The goodness-of-fit was considered adequate according to Barrett, Hu & Bentler,
and Kline!’2175176; RMSEA <0.06-0.08; CFl >0.90-0.95; TLI >0.90-0.95, and Kuder-
Richardsons alpha >0.8, and Cronbach’s alpha >0.8.17 However, the model fit
indexes were also compared with other psychometric validation studies on the YFAS
2.0/dYFAS-C 2.0.

Construct validity, convergent validity, and discriminant validity

The YFAS 2.0: The convergent and discriminant validity was tested through Pearson’s
correlations between the YFAS 2.0 total scores versus total scores on the external
validators (more details under Measures); the EDE-Q (all subscales and the total
score), binge eating frequency, the SCL-92 ADHD subscale, the AUDIT, age, and BMI.
Correlation coefficients at (|r|) >0.30 were considered to represent a relevant
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association’®17 with the significance level set at p<0.05. The assumptions for the
Pearson’s correlation analysis were ensured in the following way: i) all variables were
continuous, 1) the included variables had related pairs for each correlation analysis
(e.g., food addiction and BMI data was only included in the analysis of the correlation
if neither of the variables were missing for the individual), Ill) absence of outliers
(only the case for BMI, where outliers were excluded from the analysis), and 1V)
linearity, inspected by scatter plots.

For the categorical YFAS 2.0 scoring option, ANOVA was used to test the difference
in mean score for the external validators (mentioned above) between the different
food addiction severity levels (from no food addiction to severe food addiction). For
sex, the Chi? test was used. Post-hoc comparison with a hierarchical approach was
used to examine whether differences in mean scores for the external validators were
of statistical significance across the categories of food addiction. First, the mean
scores for respondents without and with mild food addiction were compared.
Second, respondents with severe and mild food addiction were compared, then
severe and moderate food addiction, and finally respondents with mild and
moderate food addiction were compared. The following step was only initiated if all
analyses in the previous steps had provided evidence of statistically significant
differences between the groups examined. This hierarchical approach was preferred
over adjustment for multiple comparisons (Bonferroni correction). Effect sizes were
estimated as partial eta squared (partial n?) and Cohen’s definitions of small (0.01),
medium (0.06), and large (0.14) effect sizes were applied. 1797181

The assumptions for ANOVA, i.e. I) normally distributed data (due to the large sample
size, this assumption was not important), Il) homogeneity of variance, and Ill)
independence of observations, were checked prior to the analyses, and no obvious
violations were found.

The dYFAS-C 2.0: Because of the dimensional scoring option, the convergent validity
and the discriminant validity3%375° were examined by Pearson’s correlations only.
This procedure was identical with that used for the convergent validation and the
discriminant validation of the adult YFAS 2.0.

Incremental validity

The incremental validity was assessed through hierarchical linear regression analysis
in order to examine whether the YFAS 2.0 score/dYFAS-C 2.0 score did predict the
BMI/BMI z-score over and above binge-eating frequency. In model one, binge-eating
frequency was entered as the only explanatory variable for BMI/BMI z-score. In
model two, the YFAS 2.0/dYFAS-C 2.0 score was entered together with binge-eating
frequency; this enabled an evaluation of the percentage of variance in BMI/BMI z-
score that the YFAS 2.0/dYFAS-C 2.0 uniquely accounted for.

The assumption of independence was met, normality and variance homogeneity
were assessed visually by inspection of residual plots. Linearity was evaluated with
visual inspection of scatterplots. However, due to a relatively large N, this
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assumption was not a concern. Generally, no obvious violations of the assumptions
were found.

3.1.7.4 Attrition analyses

The attrition analyses comparing respondents (complete and partial responses) with
non-respondents were analyzed using descriptive statistics, with means and
standard deviations (SDs) for continuous variables and relative frequencies for
categorical variables. Chi? test/Fischer’s exact test and student’s simple t-test were
used to compare differences between respondents and non-respondents.

In cases of non-normality and violated model assumptions, bootstrapping with 1000
replications was used to estimate the 95%ClI.

3.1.7.5 Food addiction prevalence estimation and dYFAS-C score estimation

The prevalence of food addiction and the mean dYFAS-C 2.0 score were estimated
using both partial and complete responses to the YFAS 2.0/dYFAS-C 2.0.

The crude prevalence of food addiction/mean dYFAS-C 2.0 score with 95%Cl were
calculated. Further, the prevalence/mean dYFAS-C 2.0 score were stratified on sex,
and the difference between sex was tested using student’s simple t-test. In cases of
non-normality or violated model assumptions, bootstrapping with 1000 replications
was used to estimate the 95%Cl.

3.1.7.6 Weighting of estimates

We used augmented inverse probability weighting (AIPW) to account for the missing
survey data (YFAS 2.0/dYFAS-C 2.0) from non-respondents, who could not be
included in the crude estimation of the prevalence/the mean dYFAS-C 2.0 score.!82
With the availability of sociodemographic, economic, and health-related data on all
invitees, we were able to estimate the probability that food addiction status could
be indicated by another conglomerate of individual data (the sociodemographic,
economic, and health profile). The AIPW model was used to inflate the weights for
respondents who were under-represented (according to their sociodemographic,
economic, and health profile) among all respondents, 168183

In the AIPW model, “exposure” was equal to respondent status (respondent vs. non-
respondent) and we used the same variables as in the attrition analyses for the
weights. These variables were used as they have shown to have impact on the
respondent status (respondent/non-respondent).’®* The “outcome” in the AIPW
model was defined as food addiction status (dichotomous: yes/no), and the
continuous mean dYFAS-C 2.0 score was used for the adolescent populations. Again,
the same variables were employed for the outcome weights. This choice was made
due to the known association between food addiction and obesity,5! and the

54



CHAPTER 3. METHODS

association between obesity and the sociodemographic, economic, and health
profile, 185186

The variables were included in the model in the following order: age, sex, (parental)
marital status, (parental) socioeconomic factors, (parental) educational level,
(parental) occupational status, and personal income/equivalized disposal income,
degree of urbanization, geography/region (region of home address), lifetime somatic
iliness (the Charlson Comorbidity Index), lifetime mental disorders, and lifetime use
of psychotropic medication. Whenever relevant, the estimate was stratified by sex
due to known preponderance of females with food addiction.

The main assumptions for the AIPW model were considered to be fulfilled. These
includes the “the stable unit treatment value assumption”, which assumes that the
potential outcome (food addiction Yes/No) for a given individual was completely
independent of the assigned “treatment” (respondent/non-respondent) of another
individual. In addition, “the strong ignorability assumption”, which assumes that the
potential outcome is completely independent of the assigned “treatment” given a
set of observed control variables (sociodemographic, economic, and health profile),
and that the propensity score is greater than zero and less than one based on the
control variable.®® For some of the stratified analyses, the model assumption was
violated from one or more variables. In such cases, the variable(s) produced
“nonsense” weights/propensity scores (very close to zero) due to small strata (e.g.,
in the eating disorder category stratified on sex, as eating disorders are rare among
males, which caused too small strata, resulting in very small “nonsense” weights).
Thus, the violating variable was excluded from the analyses. It is clearly stated in the
footnotes of a table which variables were excluded for each analysis.

It should be noted that it was not possible to stratify on specific diagnoses in the
adolescent population, as strata would have been too small (and become personally
identifiable). Further, it was not possible to weight the sex-stratified mean dYFAS-C
2.0 scores, as this would have caused too small weights, which would have violated
the model. Therefore, all the sex-stratified estimates are crude in the adolescent
population.

3.1. ETHICS

An approval from the Committee on Health Research Ethics is not required in
Denmark for survey and register-based studies if they do not include biological
material or intervention.’®” The questionnaire and survey methodology was
approved by the Danish Health Data Authority, and approval of the use of data from
the Danish registers was granted by Statistics Denmark and the Danish Health Data
Authority. Data obtained from the survey and data from the Danish registers were
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de-identified by Statistics Denmark. The project was registered at the Danish Data
Protection Agency (file no. 2008-58-0028).

When research studies include children and adolescents, the legal guardian(s) must
consent on participation on behalf of the child/adolescent. In Denmark, the legal age
of consent is 18 years. Therefore, the invitation was sent to the legal guardian(s) in
the adolescent populations. This ensured that the legal guardian(s) were informed
of the study purpose and able to evaluate whether their child should have the
opportunity to participate in the survey (informed consent).

All invitees (adult and adolescent) were informed that survey participation was
voluntary and that their consent to participate could be withdrawn at any time.

The FADK project was conducted and reported in accordance with the Strengthening
The Reporting of Observational Studies in Epidemiology (STROBE) guideline 28,

The ethical considerations in relation to the design and conduct of the study are
discussed in Chapter 5.
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CHAPTER 4. RESULTS

Chapter 4 gives a compiled presentation of the main results of the PhD project. A
more comprehensive description of the results, including several additional tables
and figures, are given in the four articles included in the Appendix A to D. Here, the
results will be presented for the adult and the adolescent populations combined,
allowing for a more direct comparison between the populations. When tables and
figures are replications from the articles, this is clearly stated in the legends.

4.1. ATTRITION

The survey response rate in the adult populations (based on both partial and
complete responses) was 27.9% (n=1,394) in the population with mental disorder
and 34.0% (n=1,699) in the general population, respectively. The response rate in
the adolescent populations (including only complete responses to the dYFAS-C 2.0)
was considerably lower; 12.0% (n=423) in the population with mental disorder and
15.4% (n=576) in the general population, respectively. In all four populations,
respondents were more likely to be female, to have higher education, to be in the
labor force, and to have higher income. The only exception was among adolescents
with mental disorder, where the parental occupational level did not differ between
respondents and non-respondents.

In both adults and adolescents from the general populations, non-respondents were
more likely to be registered with a lifetime mental disorder and with lifetime use of
psychotropic medication. In the adolescent population with mental disorder, this
applied for the parents of the non-respondents. The detailed attrition analyses are
presented in each of the four articles (found in Appendix A-D).

In both adults and adolescents with mental disorder, large differences were seen in
the response rates across the different diagnostic groups. Please see Figure 2 and
Figure 3.

4.2. PSYCHOMETRIC VALIDITY
4.2.1. PSYCHOMETRIC VALIDITY OF THE YFAS 2.0

4.2.1.1 Factor structure and internal consistency

For the general population, the average number of symptoms endorsed was 0.9
(SD=2.0); 1.1 (SD=2.2) for females and 0.6 (SD=1.6) for males, respectively. The fit
indexes are presented in Table 1. Factor loadings for the one-factor model were in
the range 0.43 to 0.77 and did not improve notably in the two-factor model.
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Figure 2. Flow chart for the adult population with mental disorder. Replicated from Horsager
et al. Food addiction comorbid to mental disorder: A nationwide survey and register-based
study. Under review.
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Among the adults with mental disorder, the average number of symptoms endorsed
was 2.4 (SD=3.2); 2.7 (SD=3.4) for females and 1.8 (SD=2.6) for males. Factor loadings
(see Table 1) for the one-factor model were in the range 0.55 to 0.77 and did not
improve notably in the two-factor model in this population.

General population Population with mental disorder
One-factor Two-factor model One-factor model Two-factor model
model
Confirmatory fit index 0.909 0.909 0.907 0.907
Tucker Lewis Index 0.886 0.884 0.884 0.881
Root-mean-square error of 0.089 0.090 0.105 0.107
approximation
Chi? p<0.001 p<0.001 p<0.001 p<0.001
Kuder-Richardson alpha 0.87 - 0.91
Covariance between factor r=0.99 r=0.99

one and two

Table 1. Fit indexes and internal consistency for the YFAS 2.0 in the adult populations.

4.2.1.2 Convergent validity and discriminant validity of the YFAS 2.0

General population: The correlation matrix illustrating the convergent validity and
discriminant validity of the YFAS 2.0 in the general population is provided in Table 2.
All EDE-Q subscales of eating pathology were moderately to strongly correlated with
the YFAS 2.0 total score (in the range r=0.50 to r=0.61 with p-values<0.05); restrained
eating was less, albeit still significantly, correlated with the YFAS 2.0 total score
(r=0.35, p<0.05). BMI and the SCL-92 ADHD subscale also correlated positively with
the YFAS 2.0 total score, r=0.30, p<0.05, and r=0.44, p<0.05, respectively. The AUDIT
score did not correlate with the YFAS 2.0 total score (r=- 0,001). When comparing
the mean BMI between the different food addiction severity levels,®® the BMI was
significantly higher for those with food addiction (mean BMI for mild: 29.9 (SD=6.0),
moderate: 30.3 (SD=8.3), and severe: 30.2 (SD=7.2) food addiction, respectively),
compared to those without (mean BMI: 25.4 (SD=4.6), p<0.001). However, BMI did
not differ between food addiction severity levels. In Figure 4 it is illustrated that a
larger proportion had obesity among those with food addiction compared to those
without.
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Food addiction comorbid to mental disorder: A nationwide survey and register-based study.
Under review.
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Adults with mental disorder: The correlation matrix illustrating the convergent and
discriminant validity of the YFAS 2.0 is provided in Table 3. All measures of eating
pathology were moderately to strongly correlated with the YFAS 2.0 total score
(ranging from r=0. 57 to r=0. 66, p-values<0.05); restrained eating was also the less
correlated eating pathology measure among adults with mental disorder (r=0.45,
p<0.05). BMI and the ADHD subscale correlated moderately with the YFAS 2.0 total
score, r=0.32, p<0.05 and r=0.47, p<0.05, respectively. As seen in the general
population, alcohol dependence (AUDIT score) did not correlate with the YFAS 2.0
score (r=0,05). When comparing the mean BMI between the different food addiction
severity levels, those having moderate food addiction (mean BMI=28.7, SD=7.1) and
severe food addiction (mean BMI=30.1, SD=9.9) had a mean BMI that was
significantly higher than the mean BMI of those without food addiction (mean
BMI=25.1, SD=5.1). Thus, there was no difference in mean BMI between no food
addiction and mild food addiction. This is also evident from Figure 4.

4.2.1.3 Incremental validity

General population: In model one (n=1369) with binge-eating frequency as the only
explanatory variable, binge-eating frequency was a significant predictor of BMI
(t=5.30, coeff.=1.15 [0.73;1.58], p<0.001), explaining 2.0% of the variance in BMI. In
model two (n=1369) with addition of the YFAS 2.0 total score as explanatory variable,
binge-eating frequency was no longer associated with BMI (t=0.59, coeff.=0.14 [-
0.34;0.63], p=0.554), but the YFAS 2.0 total score was (t=8.30, coeff.=0.74
[0.56;0.91], p<0.001), accounting for an additional 4.7% of the unique variance in
BMI.

Adults with mental disorder: In model one (n=1037), binge-eating frequency was a
significant predictor of BMI (t=9.94, coeff.=1.59 [1.28;1.91], p<0.001), explaining
8.7% of the variance in BMI. In model two (n=1037), where the YFAS 2.0 total score
was entered as explanatory variable, binge-eating frequency became less associated
with BMI (t=3.67, coeff.=0.77 [0.36;1.18], p<0.001); the YFAS 2.0 total score was also
associated with BMI (t=5.91, coeff.=0.49 [0.33;0.65], p<0.001), accounting for
additional 3.0% of the unique variance in BMI.
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4.2.2. PSYCHOMETRIC VALIDITY OF THE DYFAS-C 2.0
4.2.2.1 Factor structure and internal consistency

General population: The confirmatory factor analysis for a single-factor model
showed factor loadings in the range from 0.38 to 0.83 (all with p-values <0.001). The
fit indices were as follows: the CFI=0.86, the TLI=0.84, the RMSEA=0.099, and the
SRMR=0.06. The internal consistency was 0.92 measured by Cronbach’s alpha.

Adolescents with mental disorder: Factor loadings for a single-factor model was in
the range from 0.38 to 0.87, and the fit indices were: the CFI= 0.85, the TLI= 0.82,
the RMSEA=0.12, and the SRMR= 0.06. The internal consistency was 0.94 measured
by Cronbach’s alpha.

Table 2 (next page, p.64). Correlation matrix illustrating the convergent validity and
discriminant validity for the YFAS 2.0 symptom score in the general adult population.
Replicated from Horsager et al. Validation of the Yale Food Addiction Scale 2.0 and estimation
of the population prevalence of food addiction. Clinical Nutrition (2020).
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Table 3 (previous page, p. 65). Correlation matrix illustrating the convergent validity and
discriminant validity for the YFAS 2.0 symptom score in the adult population with mental
disorder. Replicated from Horsager et al. Food addiction comorbid to mental disorder — a
nationwide combined survey and register-based study. Under review.

4.2.2.2 Convergent validity and discriminant validity of the dYFAS-C 2.0

General population: The correlation matrix illustrating the convergent validity and
discriminant validity of the dYFAS-C 2.0 in the general population is provided in Table
4. All sub-scales on eating pathology correlated moderately to strongly with the
dYFAS-C 2.0 total score (all in the range from r=0.43 to r=0.56 with p-values<0.05).
Similarly to the adult version of the YFAS 2.0, the subscale on restrained eating was
the less correlated eating pathology measure (r=0.41, p<0.05). The SCL-92 ADHD
subscale correlated moderately with the dYFAS-C 2.0 total score (r=0.47, p<0.05) and
the BMI z-score (r=0.29, p<0.05). Alcohol dependence (AUDIT score) correlated
poorly with the dYFAS-C 2.0 score (r=0.14, p<0.05).

Adolescents with mental disorder: The correlation matrix illustrating the convergent
validity and discriminant validity of the dYFAS-C 2.0 in the population with mental
disorder is provided in Table 5. In the population with mental disorder, all measures
of eating pathology were moderately to strongly correlated with the dYFAS-C 2.0
total score. Binge-eating frequency was the best correlated measure (r=0.60,
p<0.05); the remaining subscales were in the range r=0.41, p<0.05 to r=0.46, p<0.05.
Again, restrained eating was the least correlated among eating-related measure
(r=0.32, p<0.05). The BMI z-score was moderately correlated with the dYFAS-C 2.0
total score (r=0.33, p<0.05); the same applied for the SCL-92 ADHD subscale (r=0.43,
p<0.05) and alcohol dependence (AUDIT score) (r=0.33, p<0.05).

4.2.2.3 Incremental validity of the dYFAS-C 2.0

General population: Binge-eating frequency was a significant predictor of the BMI z-
score (t=5.01, coeff.=0.36 [0.22;0.50], p<0.001) in the first model, explaining 4.4% of
the variance. In the second model, adding the dYFAS-C 2.0 total score to the model
implied that binge-eating frequency became less associated with the BMI z-score
(t=2.11, coeff.=0.17 [0.01;0.32], p=0.036). The dYFAS-C 2.0 total score was also
associated with BMI (t=5.35, coeff.=0.027 [0.02;0.04], p<0.001), accounting for an
additional 4.8% of the unique variance in the BMI z-score.

Adolescents with mental disorder: In model one (n=395), binge-eating frequency was
a significant predictor of the BMI z-score (t=3.91, coeff.=0.25 [0.12;0.38], p<0.001),
explaining 3.7% of the variance. When adding the dYFAS-C 2.0 total score to the
model, binge-eating frequency was no longer significantly associated with the BMI
z-score (t=0.04, coeff.=0.003 [-0.15;0.15], p=0.968). Thus, the dYFAS-C 2.0 total score
was (t=5.33, coeff.=0.033 [0.02;0.05], p<0.001), accounting for an additional 6.5% of
the unique variance in the BMI-z score.
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Table 4 (page 67). Correlation matrix illustrating the convergent validity and discriminant
validity for the dimensional dYFAS-C 2.0 symptom score in the general adolescent population.
Replicated from Horsager et al. Validation of the dimensional Yale Food Addiction Scale for
Children 2.0 and estimation of the dimensional food addiction score in a sample of adolescents
from the general population. Under review.

Table 5 (page 68). Correlation matrix illustrating the convergent validity and discriminant
validity for the dimensional dYFAS-C 2.0 symptom score in the adolescent population with
mental disorder. From Horsager et al. Food addiction comorbid to mental disorders in
adolescents: A nationwide survey and register-based study. In preparation.

4.3. FOOD ADDICTON PREVALENCE AND SYMPTOM SCORE

4.3.1. PREVALENCE OF FOOD ADDICTION IN THE ADULT POPULATIONS

General population: The crude food addiction prevalence was 9.0% (Cl 95%: 7.6-10.4)
(n=153/1,699). The distribution was 2.5% mild, 2.6% moderate, and 3.9% severe
food addiction cases. Stratified on sex, 119 (77.8%) of those with food addiction were
female, corresponding to 11.9% of the female respondents, and 34 (22.2%) were
male, corresponding to 4.8% of the male respondents; the difference between sex
was significant (p<0.001). The weighted prevalence was 9.4% (Cl 95%: 7.9;10.9);
6.1% (Cl 95%: 4.2;8.0) for males and 13.4% (Cl 95%: 11.1;15.7) for females when
stratified on sex.

Adults with mental disorder: Across all diagnoses, the crude food addiction
prevalence was 26.5% (n=369/1,394). The distribution was 5.0% mild, 5.9%
moderate, and 15.6% severe food addiction cases. Stratified on sex, 303 (82.2%) of
those with food addiction were female, corresponding to 32.0% of the female
respondents, and 66 (13.4%) were male, corresponding to 14.2% of the male
respondents. In Table 6, both the crude and weighted prevalence estimates of food
addiction across the diagnostic categories are presented. The weighted food
addiction prevalence estimate across all diagnoses was 23.7% (95%Cl: 21.5;25.9).
Between diagnostic categories, the weighted prevalence varied substantially in the
range from 8.3% (95%Cl: 3.8;12.9) for substance use disorders to 47.7% (95%Cl:
41.2;54.2) for eating disorders. The second highest prevalence was found for
affective disorders, 29.4% (95%Cl: 22.9;36.0), and personality disorders, 29.0%
(95%Cl: 22.2;35.9). When the data were stratified on sex, food addiction was more
prevalent in females in all diagnostic categories and across all specific mental
disorders. The highest prevalence was found in females with the diagnosis of
schizophrenia 51.9% (95%Cl: 39.7;64.2) in females vs. 12.8% (95%Cl: 2.6;23.0) in
males. The only exception from the rule of female predominance was found for
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bipolar disorder, where the crude food addiction prevalence was higher for males,
54.5% (95%Cl: 25.1;84.0), compared to females, 31.8% (95%Cl: 12.4;51.3). However,
these estimates are based on few cases (7 females and 6 males; this is also reflected
in the wide confidence intervals).

4.3.1.1 Comparison of food addiction prevalence estimates between the general
population and adults with mental disorder

The difference in the weighted prevalence was significant between the general
population (9.4% (Cl 95%: 7.9;10.9)) and the population with mental disorder (23.7%
(95%Cl: 21.5;25.9)), p<0.001.

The food addiction prevalence in the diagnostic categories of substance use
disorders, 8.3% (Cl 95%: 3.8;12.9), and attention deficit disorders, 12.3% (Cl 95%:
6.7;17.9), did not differ significantly from the prevalence in the general population.

4.3.2. THE MEAN DYFAS-C SCORE IN THE ADOLESCENT POPULATIONS

General population: The crude dYFAS-C 2.0 total score was 11.9 (95% Cl: 11.1;12.7)
and, when stratified on sex, 14.2 (95%Cl: 13.1;15.3) for females vs. 9.1 (95%Cl:
8.1;10.1) for males, p<0.001.

The weighted mean dYFAS-C 2.0 total score was 12.0 (95% Cl: 11.2;12.9); 9.5 (95%
Cl: 8.3;10.6) for males vs. 15.0 (95% Cl: 13.9;16.2) for females, p<0.001.

The mean dYFAS-C 2.0 score increased, going from one BMI z-score weight category
to the next, as illustrated in Figure 5.

Adolescents with mental disorder: The crude mean dYFAS-C 2.0 total score was 13.8
(95% Cl: 12.6;14.9), and, when stratified on sex, 9.9 (95% Cl: 8.3;11.4) for males vs.
16.0 (95% Cl: 14.5;17.5) for females, p<0.001.

The weighted mean dYFAS-C 2.0 total score was 13.8 (95% Cl: 12.6;14.9); 10.3 (95%
Cl: 8.7;11.9) for males vs. 16.1 (95% Cl: 14.6;17.6) for females, p<0.001.

Similar to the general population, the mean dYFAS-C 2.0 score increased, going from
one BMI z-score weight-category to the next, as illustrated in Figure 6.

The mean dYFAS-C score estimates for the six diagnostic categories of mental
disorders, as well as the sex-stratified crude estimates, are presented in Table 7.
Females had higher mean dYFAS-C 2.0 scores compared to males for all diagnostic
categories of mental disorder, but the difference was only significant for psychotic
disorders (p=0.006) and anxiety disorders (p=0.031). For females, the dYFAS-C 2.0
score was lowest in attention deficit disorders, 11.4 (95%Cl: 5.7;17.1), and autism
spectrum disorders, 12.1 (95%Cl: 7.6;16.6), and highest in affective disorders and
psychotic disorders, 19.6 (95%Cl: 16.1;23.0) and 23.2 (95%Cl: 17.4;29.0),
respectively. The distribution was slightly different for males, where the lowest
mean dYFAS-C 2.0 scores were found in autism spectrum disorders, 8.3 (95%Cl:
6.1;10.5), and eating disorders, 9.0 (95%Cl: 1.6;16.4]), and the highest scores were
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seen in affective disorders, 15.7 (95%Cl: 8.3;23.1), and psychotic disorders, 11.5
(95%Cl: 5.7;17.4).

4.3.2.1 Comparison of mean dYFAS-C 2.0 estimates between the general
population and adolescents with mental disorder

Assignificant difference was seen in the crude dYFAS-C 2.0 score between the general
population and adolescents with mental disorder (p=0.009). However, when
stratified on sex, this difference became statistically insignificant for both males
(p=0.387) and females (p=0.053).
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Mean dYFAS-C 2.0 score
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Figure 5. Mean dYFAS-C 2.0 scores divided into BMI z-score weight categories in the general
adolescent population. The 95% Cis are shown for each BMI z-score category. Replicated from
Horsager et al. Validation of the dimensional Yale Food Addiction Scale for Children 2.0 and
estimation of the dimensional food addiction score in a sample of adolescents from the general
population. Under review.
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Figure 6. Mean dYFAS-C 2.0 scores divided into BMI z-score weight categories in the adolescent
population with mental disorder. The 95% Cls are shown for each BMI z-score category. From
Horsager et al. Food addiction comorbid to mental disorders in adolescents: A nationwide
survey and register-based study. In preparation.

Table 6 (next page, p. 73). The crude and weighted prevalence of food addiction across
diagnostic categories in the adult population with mental disorder. Replicated from Horsager
et al. Food addiction comorbid to mental disorder: A nationwide survey and register-based
study. Under review.
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Table 7. The crude and weighted prevalence of food addiction across diagnostic categories in

the adolescent population with mental disorder. From Horsager et al. Food addiction comorbid
to mental disorders in adolescents: A nationwide survey and register-based study.

preparation.

In
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CHAPTER 5. DISCUSSION OF RESULTS

5.1. SUMMARY OF MAIN RESULTS

The FADK Project survey was completed successfully with response rates at an
acceptable level, especially in the adult populations. Furthermore, the merging of
data from the Danish registers was complete. This allowed for comprehensive
attrition analyses and weighting of the food addiction prevalence estimates and the
mean dYFAS-C 2.0 score in the adult and adolescent populations, respectively. The
nearly identical crude and weighted estimates indicated that attrition from the study
did not seem to affect the prevalence or the mean dYFAS-C 2.0 estimates.

The psychometric properties of the YFAS 2.0 were sound and were comparable to
those described both in the original validation study! and validation studies
conducted in other languages.**>*137.1% Food addiction was far more prevalent in
individuals with mental disorder (23.7%) compared to the general population (9.4%).
The prevalence was particularly high in respondents with psychotic disorders,
affective disorders, personality disorders, and eating disorders.

Among the adolescents, we found the dYFAS-C 2.0 to be a valid measure of food
addiction symptomatology in the general population as well as in the population
with mental disorder. Further, among the adolescents, the symptom load was found
to be lower than previously reported in the original study by Schiestl et al.,>® which
was based on populations in the United States (US). Moreover, food addiction
symptomatology seemed to be more prevalent in the group with psychotic and
affective disorders.

The results confirmed that food addiction appears to be more prevalent in females,
and that food addiction symptoms are positively correlated with BMI/obesity.

5.2. PSYCHOMETRIC VALIDITY

5.2.1. CONFIRMATORY FACTOR ANALYSIS OF THE YFAS 2.0 AND DYFAS-C 2.0

As noted in the section on statistics, the evaluation of the confirmatory factor
analysis is based on the theoretically established cut-off values for adequate model
fit indexes. However, as both the merit and the choice of model fit indexes is
debated,!’? the results are mainly discussed in relation to previous psychometric
validation studies on the YFAS 2.0/dYFAS-C 2.0 in order to confirm the hypothesized
one-factor structure of the scale.
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5.2.1.1 The YFAS 2.0

The Danish YFAS 2.0 showed good internal consistency in both adult populations.
Further, the one-factor structure was supported in both populations, with
acceptable factor loadings in the range from 0.43 to 0.77 in the general population
and 0.58 to 0.77 in the adults with mental disorder. In both populations, the two-
factor model did not provide significantly better fit indexes. Additionally, the
correlation between the two factors was high in both populations, providing further
support for the one-factor model. Evidence in favor of a one-factor model was also
found in several other validation studies of the YFAS 2.0 across different countries
and languages.495053137.190-192 Hawever, the fit indexes and factor loadings were
markedly better in the original US study by Gearhardt et al. and validation studies
performed in translated versions of the YFAS 2.0.1°953137 stj|l, the Japanese and
French validation studies***° both found fit indexes and factor loadings that were
comparable to those obtained in this project (both in the general population and in
the adults with mental disorder). An explanation for the less optimal factor loadings
and fit indexes could be that the present project relied on random sampling from
both the general population and adults with mental disorder, and the validation was
performed across diagnostic categories. Therefore, the two samples in this study
were more diverse and less homogeneous than the samples used in other validation
studies of the YFAS 2.0 (often highly selected population or included by self-
selection). This could result in more variance in the dataset and resulting lower fit
indices and factor loadings. In summary, the findings support that the food addiction
construct is best described as having an underlying single latent structure, and that
the Danish YFAS 2.0 has good psychometric properties in the general population and
among the adults with mental disorder; thus, it may be used as a valid measure of
food addiction in these populations.

5.2.1.2 The dYFAS-C 2.0

Adolescence is a period of life with a high incidence of addiction disorders and
related conditions.?'311® The dYFAS-C 2.0 was developed to detect indicators of
emerging food addiction in this young group. So far, only one study by Schiestl et al.
has validated the dYFAS-C 2.0; they found its psychometric properties promising.®
The factor loadings for a one-factor latent structure were comparable to those found
in the study by Schiestl et al., and this applied for both adolescent populations.
Interestingly, the factor loadings were improved for almost all items in the
population of adolescents with mental disorder (range 0.38 to 0.87) compared to the
general adolescent population (range 0.38 to 0.83). This is probably explained by the
higher food addiction symptom load in the population of adolescents with mental
disorder. The same applied for the internal consistency (a Cronbach’s alpha of 0.92
in the general population and of 0.94 in the population of adolescents with mental
disorder) and the fit indices for the one-factor model. For the latter, all indexes
(except for the RMSEA) were slightly better in both populations compared to the
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original study. Altogether, these findings expand the validity and applicability of the
dYFAS-C 2.0 across cultures and languages.

5.2.2. THE CONSTRUCT VALIDITY OF THE YFAS 2.0 AND DYFAS-C 2.0

The construct validity will be discussed across both the YFAS 2.0 and dYFAS-C 2.0 and
the four populations in order to get a more consolidated picture of the food
addiction construct. This was possible because the same measures were used for the
validation analyses in all populations. To examine the construct validity of the YFAS
2.0 and the dYFAS-C 2.0, we applied hypothesis testing with convergent and
discriminant measures that were believed to be theoretically correlated or non-
correlated with the food addiction construct. In general, the correlation patterns

were comparable to those in numerous validation studies conducted on the YFAS
2.0.149.,53,59

Eating pathology was hypothesized to be convergent with food addiction.
Accordingly, both the YFAS 2.0 score and the dYFAS-C 2.0 score did correlate
moderately to strongly with all eating pathology measures. In the general
populations (both adult and adolescent), the most correlated measures were eating
and shape concern and the global EDE-Q score (measure of total eating pathology).
In both of the populations with mental disorder, the most strongly correlated
measure was binge-eating frequency followed by the same measures as in the
general populations. This difference could be explained by a potentially more intense
binge-eating pattern in this population, which could be caused by, e.g., the primary
mental disorder or psychotropic medication. In summary, these findings are in line
with other validation studies on the YFAS 2.0,249137.1%0 and with the high prevalence
of food addiction in populations with eating disorders'311%3, The association between
food addiction and eating disorders will be discussed further in the section 5.4.5.
Food addiction and eating disorders.

Food addiction is associated with binge eating (frequency), which was also found in
this study. Therefore, in the context of food addiction, restrained eating has often
been hypothesized as a discriminant construct.%*%1°* However, across all four
populations, we found a moderate to strong positive correlation between restrained
eating and food addiction. Yet, restrained eating was the less correlated eating-
related measure. In support of this quite counterintuitive correlation, a growing body
of studies have found the same positive correlation between restrained eating and
food addiction, also in adolescents.?%3591%0 Some authors have explained the
correlation by subjective overeating because consumption of objectively small meal
portions can be associated with a subjective feeling of control loss, as seen in
disorders with restrained eating.1° This could then reflect in a “falsely” high score
on YFAS-items like “Consumed more than planned” and “Unable to cut down or
stop”. Another possibility is that restrained behavior is a mechanism that could
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contribute to the food addiction pathophysiology, for example in the emergence
and/or in the maintenance of the condition. This theory is supported by a study by
Price et al., who found dietary restriction to be a positive and independent predictor
of elevated BMI.1®> The authors suggested the association to be explained by cycles
of unsuccessful attempts to maintain weight. This is further supported by two studies
by Gearhardt et al., who found that weight cycling and food addiction were
associated.”> An important step in the future understanding of the food addiction
phenotype and pathophysiology would be to study this potential association
between food addiction and restrained eating in more detail. This could potentially
promote the understanding of some underlying mechanisms in the emergence and
maintenance of food addiction. This issue is further discussed in the section 5.4.5.
Food addiction and eating disorders.

The close association between food addiction and binge eating (frequency) also
reflects in the BMI. Both the YFAS 2.0 symptom count and the dYFAS-C 2.0 score
correlated weakly to moderately with the BMI/BMI z-score. Furthermore, in the
adult general population, the BMI was substantially higher (and more had obesity)
among those fulfilling the criteria for mild to severe food addiction compared to
those without food addiction. In the population of adults with mental disorder, only
individuals with moderate and severe food addiction had a substantially higher BMI,
and a corresponding higher proportion had obesity. The fairly close association
between food addiction and BMI was further supported by the incremental validity
analyses, where the YFAS 2.0 and dYFAS-C 2.0 were able to predict the BMI or the
BMI z-score over and above binge eating frequency in all populations. The dYFAS-C
2.0 accounted for 4.8% (general adolescent population) and 6.5% (adolescents with
mental disorder) of the unique variance in the BMI z-score, and the YFAS 2.0 for 4.7%
(general adult population) and 3.0% (adults with mental disorder) of the unique
variance in the BMI in the adult populations. These findings fit well with the findings
from the original studies on dYFAS-C 2.0 (3.4% of the variance in the BMI z-score)*®
and the YFAS 2.0 (3.5% of the variance in the BMI),! and the French validation of
YFAS 2.0 (6.0% of the variance in BMI).*® However, it is important to note that some
studies do not find associations between food addiction and BMI, or they find only
weak associations. It is likely that the YFAS can discriminate between normal weight
and obesity, but not necessarily between degrees of obesity. Inclusion of subjects
with a wider range of BMI is likely to counteract ceiling effects, which could be
present in the samples including only overweight and obese subjects. Hence, the
findings from this project support that the YFAS 2.0 and the dYFAS-C 2.0 are also
sensitive in capturing food addiction symptomatology in more lean populations.
Together, the association between food addiction and BMI was quite evident and
consistent for all four populations; this implies that the relationship was found for
both adults and adolescents, as well as in the general and the populations with
mental disorder.
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Another construct considered to be convergent to food addiction is impulsivity and
ADHD symptomatology in general. In all four populations, we found a moderate to
strong positive correlation between the SCL-92 ADHD-subscale and the YFAS
2.0/dYFAS-C 2.0 score. These findings are in agreement with other studies, which
found food addiction to correlate positively with impulsive personality traits,6:8486
and this fits well with the well-known positive association between conventional
addiction disorders and impulsivity.% The association between food addiction and
ADHD symptomatology will be discussed further in the section 5.4.8. Food addiction
and attention deficit disorders.

As hypothesized, alcohol use disorder (the AUDIT score) and the YFAS 2.0 score did
not correlate in the two adult populations. This implies that alcohol
misuse/dependence did represent a discriminant construct in relation to food
addiction. This is in line with other studies, which found either a negative or no
association between food addiction and alcohol use disorder.5*7° Interestingly, we
found positive correlations between the AUDIT score and the dYFAS-C 2.0 score in
both of the adolescent populations. The correlation was only week in the general
adolescent population, but it was moderate in the population of adolescents with
mental disorder. This co-occurrence of food addiction and alcohol-related problems
that seems to be present in adolescents could be explained from a developmental
perspective; having an addiction risk profile!®” could lead to more problematic intake
of both alcohol and highly rewarding foods in adolescents, and “the drug of choice”
may not have been consolidated at this early stage. A recent Dutch study also found
food addiction and substance use disorder to be associated in adolescents.'!! These
diverging findings in adults and adolescents may provide some important
information on the trajectories of food addiction and substance use disorders.

The correlation between food addiction and age was weak in all four populations.
However, in both adult populations, the correlation was negative (although only
statistically significant in the population of adults with mental disorder), whereas the
correlation was positive and significant in both adolescent populations. This could
indicate that symptoms of food addiction could be more prevalent in
younger/middle-aged adults, with the symptom load increasing throughout
adolescence until a certain age, where the symptomatology maybe dampens. This
could explain the negative correlation in the adult populations. A negative
correlation between age and food addiction symptom score has also been found in
a study by Hauck.%®

5.3. FOOD ADDICTION IN THE GENERAL POPULATION

In the general adult Danish population, the crude food addiction prevalence was
estimated at 9.0%, with an overrepresentation of severe food addiction compared
to moderate and mild food addiction. This is consistent with several other studies,
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which found the category of severe food addiction to be most prevalent.14%5053.137
There was a preponderance of females with food addiction, which has also been
reported in two other studies,**®! and it is also in accordance with the sex-ratio in
other eating-related disorders.'®® The female predominance in food addiction will be
discussed further in a later section (5.5. Sex differences in food addiction). The
weighted prevalence was estimated at 9.4%, which did not differ markedly from the
crude estimate. This finding may suggest that attrition has only limited impact on the
prevalence estimation of food addiction. Indirectly, this could imply that
socioeconomic status and food addition are not closely associated, as could
otherwise have been hypothesized based on the known negative association
between socioeconomic status and overweight/ obesity.19%-201

The weighted prevalence of 9.4% is comparable to the prevalence of 7.9% found in
another European study from Germany,% although the estimate was not as high as
the estimate at 15% from the US.”* Both studies used quota-based sampling in order
to improve the generalizability to the general population. The difference in
prevalence estimates between general populations obtained in Europe and the US,
respectively, echoes with the difference in overweight and obesity rates seen
between the US and most European countries.202293

In the general adolescent population, the weighted mean dYFAS-C 2.0 total scores
of 15.0 for females and 9.5 for males, respectively, did not differ substantially from
the crude estimates. This parallels with the general adult population, where attrition
and selection bias did not seem to influence the prevalence estimate markedly. As
for the adult population, the weighted dYFAS-C 2.0 total scores obtained in this study
were markedly lower compared to the (only) other study on the dYFAS-C 2.0 by
Schiestl et al. from the US.> This is likely to be explained by the difference in the
proportion of participants with overweight and obesity between the two studies.
The US study deliberately sampled overweight and obese individuals, whereas the
present study had a randomly drawn sample from the general population. This is also
supported by the difference in mean BMI z-score between the two studies; 0.95,
SD=0.89 in the US study compared to -0.20, SD=1.07 in this study. Even though the
US study oversampled individuals with overweight and obesity, the rates of both
overweight and obesity in adolescents are considerable higher in the US compared
to Denmark. A total of 20.6% in the age group 14-19 years have obesity in the US,?%
whereas 4% in the age group 13-16 years®® and 6,6% of males and 8,8% of females
in the age group 16-24 years have obesity in Denmark2°.

Taken together, the rather large differences in the food addiction symptom load
between US studies and the general Danish adult and adolescent populations may
be explained by the more obesogenic food environment in the US, where highly
processed foods are more easily accessible at lower cost compared to Denmark.!®
These findings could have important implications. The difference in food addiction
symptom load found across countries and food cultures could potentially help
identify potential socioeconomic and environmental factors that may put the
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population in some countries/areas at greater risk of evolving food addiction.
However, even though the Danish food environment is less obesogenic than that of
the US, we found a fairly high population prevalence of food addiction (9.4%). This
indicates that addictive-like eating could be a significant problem in Denmark, which
warrants more attention in the future.

5.4. FOOD ADDICTION COMORBID TO MENTAL DISORDER

5.4.1. FOOD ADDICTION COMORBID TO MENTAL DISORDER

Food addiction symptomatology was more prevalent in those with mental disorder
(both adults and adolescents) compared to the general population. In the adult
population, the weighted prevalence was estimated at 23.7%, which was not
substantially different from the crude estimate at 26.5%. The same applied for the
weighted and crude dYFAS-C 2.0 estimates, which were almost identical. As
suggested above, this could indicate that selection bias does not affect the food
addiction estimate substantially. When stratified on sex, the prevalence of food
addiction in the adult population with mental disorder remained significant higher
for both sexes compared to the general population. For the adolescent populations,
when stratified on sex, there was no difference in dYFAS-C 2.0 score between
adolescents with mental disorder and adolescents from the general population. This
may be explained from the relatively low mean BMI z-score (-0.11, SD=1.2) found in
the adolescent population with mental disorder, which was lower than one would
expect for a population with mental disorder (based on the correlation between
mental disorder and obesity). In addition, there was a relatively large proportion of
females with eating disorder among the adolescent respondents with mental
disorder, and a large proportion was diagnosed with anorexia nervosa. Based on this,
it is likely that the dYFAS-C 2.0 score was biased and underestimated — this is
discussed further in the section on limitations.

Large differences were seen in the food addiction prevalence as measured by the
dYFAS-C 2.0 score across the diagnostic groups of mental disorders. This was evident
in both the adult and adolescent populations. Therefore, the results are discussed
for each diagnostic group of mental disorders separately below.

5.4.2. FOOD ADDICTION AND PSYCHOTIC DISORDERS

Psychotic disorders, schizophrenia in particular, are severe and often chronic
conditions. In addition to psychotic symptoms, they are characterized by impaired
executive function and negative symptoms.2®’ This combination of symptoms can
result in a less healthy and sedentary lifestyle, which may lead to obesity.208-210
Furthermore, psychotic disorders have a high frequency of comorbid addiction
disorder.?!
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In the FADK project, we found food addiction to be prevalent among participants
with psychotic disorders (weighted prevalence of 22.7% and a dYFAS-C 2.0 score at
18.4 among adults and adolescents, respectively). Stratified on sex, females had a
significantly higher prevalence/symptom load of food addiction at 40.0% and a
dYFAS-C 2.0 score at 23.2. In males, the prevalence and dYFAS-C 2.0 score were
considerably lower, but the score remained one of the highest for males across all
diagnostic categories. The highest prevalence of food addiction was found in adult
females with schizophrenia (51.9%). Thus the prevalence in males remained
unchanged from the male estimate for psychotic disorders (12.8%). It is possible that
the known female dominance in food addiction becomes so evident due the equal
distribution of sex found for psychotic disorders.

A potential underlying mechanism that could explain the high comorbidity between
food addiction (and obesity) and psychotic disorders is the presumed high
proportion of individuals in treatment with antipsychotics. Antipsychotic medication
has a known appetite-stimulating effect, which often results in weight gain.?1%212
Also, treatment with D2 antagonists (most antipsychotics) diminishes dopamine-
signaling in the reward systems.?!® This could potentially drive the (compensatory)
overconsumption and compulsive use of addictive substances and highly rewarding
foods.?!! Kucukerdonmez et al. found no difference in the proportion treated with
antipsychotic medication between those with and without food addiction. It would
be relevant to examine drug naive patients with schizophrenia to investigate
whether the food addiction prevalence differs from the prevalence found in patients
treated with antipsychotics.

The high prevalence of food addiction and high dYFAS-C 2.0 symptom scores among
adults and adolescents with psychotic disorder found in this study is in agreement
with results from other studies. Specifically, Goluza et al.}*® and Kucukerdonmez et
al.’* investigated food addiction in adult outpatients with schizophrenia and found
high, although diverging, prevalence rates at 26.9% and 62.9%, respectively. Neither
of the studies found a difference in the prevalence between the sexes. Among
adolescents with a psychotic disorder, Teasdale and colleagues®*® found a prevalence
of 50% among adolescents with a first-episode psychosis. Interestingly, they also
found adolescents with a first-episode psychosis (and ultra-high risk of psychosis) to
have a poorer diet quality and higher daily energy intake compared to adolescents
from the general population. Additionally, they found that adolescents in treatment
with antipsychotics had a higher energy intake compared to their drug naive peers.

In conclusion, there is a quite consistent high degree of comorbidity between food
addiction and psychotic disorders across studies. Further research should be
undertaken to investigate the implications of food addiction in individuals with
psychotic disorder, as obesity is a considerable problem in this group.
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5.4.3. FOOD ADDICTION AND AFFECTIVE DISORDERS

Affective disorders, particularly depression, are maybe the most investigated mental
disorders when it comes to obesity.12$214215> Most often, a bidirectional association
between obesity and depression is proposed 2526, However, Mendelian
randomization study designs suggest that the association is unidirectional, going
from obesity to depression.!?:217:218 Speed and colluegues!?” found that this
association was likely to be mediated by body fat and suggested it explained from
biological and psychological mechanisms.'?® Biologically, excess body fat causes
hormonal (e.g., leptin and ghrelin) and inflammatory imbalances, which are
suggested to mediate neurodegenerative processes'?®2'% which could potentially
contribute to impairment of, e.g.,, the executive functioning and emotional
dysregulation.'?® Psychologically, excess body fat can result in body dissatisfaction,
obesity-shaming from society, and low self-esteem.1?6127.21% Maybe, for these
reasons, symptoms of depression are among the most investigated psychiatric
symptoms in relation to food addiction. A positive association is generally found
between food addiction and depression,3>%%13! also in adolescent populations.>®12

In this study, we confirmed the close association between food addiction and
depressive disorder as we found a prevalence of 25.3% in adult participants with
depression. This also applied for the adolescent population, where the dYFAS-C 2.0
score was higher for affective disorders compared to other mental disorders. In fact,
the prevalence rate in the adult population was nearly identical with those found by
Mills et al.133220 |n individuals with a clinically verified diagnosis of depression, they
found a prevalence of food addiction in the range from 24% to 29%, and higher in
females. Likewise, in the present study, a clear sex difference in the prevalence of
food addiction was found. Females were more likely to have both depression and
food addiction compared to males, 30.7% vs. 13.9%. Among adolescents, there was
no substantial difference in dYFAS.C 2.0 score between the sexes. A possible
explanation for the sex difference among adults could be the atypical presentation
of a depressive disorder that is often seen in females.??! The atypical presentation is
characterized by hyperphagia and hypersomnia, which is thought to be mediated by,
e.g., emotional dysregulation and impaired executive functioning.126219
Furthermore, in females only, Mills et. al. found high leptin levels (as proxy for leptin
resistance)!33222 and peripheral dopamine??® to correlate with eating pathology
(emotional and restrained eating) as well as increased appetite and/or weight. They
also found that individuals with both food addiction and depressive disorder
demonstrated more eating pathology and depressive symptomatology compared to
individuals with depressive disorder only.133220

In adult respondents with bipolar disorder, the prevalence of food addiction was very
high (43.4%), although based on a limited number of individuals (n=13). Only two
other studies have examined self-reported symptoms of bipolar disorder and food
addiction, and they found a positive association between the two.5%?2% This is in
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accordance with previous findings that substance use disorders are very prevalent
comorbid conditions to bipolar disorder.?2*?2> As with depressive disorder, obesity is
also a major problem in individuals with bipolar disorder.?262?” This relatively strong
association is suggested to be explained by the phenotype of the bipolar disorder
itself. Bipolar disorder is characterized by periods of depression (mechanisms
described in the section above) and periods with hypomania or mania with increased
impulsivity and affect lability/emotional dysregulation. This is likely to result in a
greater susceptibility to addictive-like and compulsive use of rewarding substances,
including consumption of hyperpalatable foods.'?® Another potential explanation is
that the treatment with antipsychotics and lithium and other psychotropic
medications is known to have metabolic side effects. However, one study found a
positive association between bipolar disorder and obesity among drug naive
patients??®, which could indicate that other mechanisms than side effects from
psychotropic medications are involved.

Interestingly, in our study, males with bipolar disorder had a markedly higher
prevalence of food addiction than females. This was the only condition in which
females did not have a higher prevalence than males. However, due to a limited
number of individuals, the present findings for participants with bipolar disorder
should be interpreted with caution and need confirmation in larger studies.

5.4.4. FOOD ADDICTION AND ANXIETY DISORDERS

Anxiety is characterized by both psychological and physiological symptoms, and it
often co-occurs with other mental disorders.2 Moreover, anxiety seems to be an
important contributing and maintaining factor in substance use disorders.??° Food
addiction has also been widely investigated in relation to anxiety, mostly through
self-reported anxiety symptoms. Quite consistently, a positive association between
food addiction and anxiety has been found in both adults?3®232 and adolescents.**12°

In the present study, we found a relatively high weighted prevalence of food
addiction (22.8%) in the adult population with anxiety disorders. However, among
adolescents, the weighted dYFAS-C 2.0 score at 13.0 did not differ substantially from
the weighted dYFAS-C 2.0 score in the general population.

When stratified on the specific anxiety diagnoses, the prevalence of food addiction
in anxiety disorder did not change substantially (19.7%). Interestingly, the total
prevalence for PTSD was 19.9% and 31.6% for females. This resonates well with the
findings from other studies linking food addiction with PTSD.%%1% A |arge-scale study
by Mason et al.}* found a clear association between food addiction and PTSD
symptoms in women. This corresponds with the association found between food
addiction and lifetime traumas.®37%192.103 However, the results on PTSD relied on a
limited number of individuals (n=8) and should be interpreted with caution.
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To the best of our knowledge, obsessive-compulsive disorder (OCD) has not
previously been investigated in relation to food addiction. In this diagnostic
subgroup, we found a very high prevalence of food addiction (42.9%). This resonates
well with the previous finding that 25% of individuals seeking treatment for OCD also
fulfill the criteria for an addiction disorder.23® Again, due to the few cases of food
addiction in OCD (n=13), the results should be interpreted with caution.
Nevertheless, the results would seem to suggest that it could be of relevance to
examine food addiction in larger samples of individuals with OCD.

5.4.5. FOOD ADDICTION AND EATING DISORDERS

Eating disorders are characterized by abnormal eating patterns and weight control
to an extent causing significant distress and/or impairment.? Food addiction is also
characterized by abnormal (addictive-like) eating and has been widely studied in
patients with eating disorders. As described in the introduction, quite large overlaps
in symptomatology and comorbidity between food addiction and eating disorders
(of bingeing subtype) have been identified. This includes the high comorbidity with
obesity; nearly 30% of individuals with eating disorders have been obese at some
point during their lifetime.?34

Among the mental disorders studied in the FADK project, we found the highest
weighted prevalence of food addiction in participants with eating disorders (45.1%).
In this diagnostic category, it was not possible to stratify on sex, as there were too
few males with food addiction. Individuals with bulimia nervosa had the highest
prevalence of food addiction (51.8%). However, food addiction was also prevalent in
those with anorexia nervosa (42.5%). This distribution of food addiction prevalence
between bingeing®61:86:137.139 gnd restrained® 135137 eating disorder subtypes has
also been reported in several other studies.

Most studies on bulimia nervosa report high prevalence rates of food addiction of
up to 100% (review by Meule and Gearhardt*? and other papers®”:135137.23%) Thys,
the prevalence of food addiction in bulimia nervosa in the present study (51.8%) was
relatively low. This could indicate that food addiction and bulimia nervosa are not
fully overlapping constructs. Another explanation could be that some participants
had remitted from their bulimia nervosa at the time of the survey. Similarly, a study
by Meule and colleagues®* found that food addiction symptomatology dampened
together with remission of bulimia nervosa symptoms. Additionally, a study by Hilker
et al.1*® examined food addiction symptomatology in patients with bulimia nervosa
before and after a short-term psychoeducational intervention. Interestingly, they
also found that food addiction symptoms reduced parallel with the symptoms of
bulimia nervosa.
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Due to the high comorbidity and symptom overlap in BED and food addiction, it
would have been relevant to examine the prevalence of food addiction in individuals
with BED.>62139 ynfortunately, it was not possible as BED is not included as a
diagnosis in the ICD-10.

The somewhat counterintuitive overlap between food addiction and anorexia
nervosa has also been reported in several other studies. For example, the review by
Burrows et al. reported a prevalence of food addiction in individuals with anorexia
nervosa between 6% and 56%.13! Potential explanations for the association have
been discussed by other authors, including Wolz et al.®® and Schulte et al.}2% It is
possible that the YFAS 2.0 provides a false positive “diagnosis” of food addiction
when used in individuals with restrained eating (like anorexia nervosa). Individuals
with such eating patterns would tend to get higher scores on items like desire to
“stop eating” and “cut down” on certain foods, as these symptoms also represent
key features of restrained eating (e.g., anorexia nervosa).? Therefore, the higher
scores are likely to reflect a subjective experience of overeating and control loss,
rather than actual addiction-like consumption.!1%143 Another explanation could be
that restrained eating and addictive-like eating have several overlapping
mechanisms that potentially feed off each other. This corresponds with the
increased sensitivity toward addictive substances that results from chronic food
restriction, which has been associated with both drug addiction and binge eating.23¢

The association between food addiction and eating disorders has also been found in
adolescents.?®-2%9 |nterestingly, we did not find a high weighted dYFAS-C 2.0 score
in the eating disorder category (13.2), and the score did not differ substantially from
the weighted dYFAS-C 2.0 score in the general population (12.0). In fact, when
stratified on sex, the crude dYFAS-C 2.0 score for both females and males were
among the lowest scores across all diagnostic categories. This may be explained by a
large fraction of participants in the eating disorder category having the diagnosis
anorexia nervosa (n=59/91) and therefore a more restrained eating pathology. In the
eating disorder spectrum, a diagnostic crossover is commonly seen from one eating
disorder to another; often from anorexia nervosa to a bingeing eating disorder
subtype.?*%24 potentially, the adolescent participants with anorexia nervosa have
not yet experienced such crossover to a more bingeing eating pattern and therefore
score lower on the dYFAS-C 2.0. In fact, Cinelli et al.23° have speculated that food
addiction symptomatology in adolescents with anorexia nervosa could predict a
diagnostic cross over to a bingeing eating disorder subtype.

Irrespective of how the correlation between food addiction and eating disorders is
interpreted, the current evidence on food addiction and eating disorder suggests
that food addiction appears to predict more severe eating pathology, more severe
psychopathology, and higher degree of obesity in individuals with eating
disorders.13>138142,143,242 Thjs has led researchers to suggest that the food addiction
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framework may be useful in conceptualizing new treatment strategies for eating
disorders, 143242243

5.4.6. FOOD ADDICTION AND PERSONALITY DISORDERS

Food addiction has not previously been studied in individuals with clinically
diagnosed personality disorders. However, a disrupted personality structure has
been associated with food addiction and the severity of such food addiction.!3®
Another study found self-reported borderline-personality traits to correlate with
food addiction symptomatology.?®> Moreover, addiction disorders?** and obesity are
prevalent in people with personality disorders.24>24

In the present study, food addiction in personality disorders was examined only in
the adult population due to the low prevalence of personality disorders in
adolescents.

We found a weighted prevalence of food addiction of 29.0% in those with a
personality disorder and of 36.3% in those with borderline personality disorder. The
high prevalence in this subgroup of personality disorders resonates well with the
shared personality traits found in both food addiction®*°> and borderline personality
disorder.?**?*7 These include neuroticism, impulsivity (including negative urgency),
and emotional dysregulation (including alexithymia).?#%> In some individuals with
borderline personality disorder, addictive-like eating (food addiction) may be used
instead of self-harm or other substance use disorders to manage emotional
dysregulation. This is in line with the study by Carlson and collegues?®*®, who found
an association between lifetime self-injury (non-suicidal) and food addiction in
individuals with eating disorders. They suggested this association to be mediated by
the emotional dysregulation. Hence, the high prevalence of food addiction in
individuals with clinically verified personality disorders, which was found in the FADK
project, fits well with the findings from other studies and seems worthy of further
research.

5.4.7. FOOD ADDICTION AND AUTISM SPECTRUM DISORDERS

In adults and adolescents with autism spectrum disorders, food addiction
symptomatology was not prevalent when compared to other mental disorders. In
fact, the third lowest prevalence (16.3%) was seen for adults and the lowest dYFAS-
C 2.0 score (9.3) was seen for adolescents. The food addiction “load” seems to be in
the same range as that seen for the general population, and even lower in the
adolescent population. In general, addiction disorders are not very common in
people with autism spectrum disorders, at least not compared to other mental
disorders. In a study examining addiction in treatment-seeking adolescents with
autism spectrum disorder, addiction was only present in those with a co-occurring
ADHD diagnosis. Furthermore, the prevalence of addiction disorders was markedly
lower for adolescents with autism spectrum disorder compared to other mental
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disorders (3% vs. 17%).2*° Another study found that adolescents with developmental
disorders were 1.5 times more likely to be overweight or obese. However, they were
also at the same risk (1.5) of being underweight.?>° Additionally, autism spectrum
disorders are more often associated with restrictive and picky eating (avoidant-
restrictive food intake disorder in the DSM-5), which is associated with low weight
or underweight.??

5.4.8. FOOD ADDICTION AND ATTENTION DEFICIT DISORDERS

Recently, there has been renewed interest in the link between attention deficit
disorders and obesity. In a review by Han¢ et al.?>?, potential factors contributing to
obesity in ADHD were examined. These included genetics, fetal programming,
neurobiology, metabolism (hormones, etc.), executive functioning, and sleep
patterns. The authors concluded that the etiology is multifaceted and complex and
that different models of explanation probably should be combined. In addition to
the well-known link between attention deficit disorders and obesity, it is also well-
known that addiction disorders are prevalent comorbidities to attention deficit
disorders.?3 The strong correlation between the two is not fully understood. A study
by Davis et al. found that a “high-risk personality profile” defined as sensation-
seeking tendencies, anxiety sensitivity, and impulsivity partly accounted for the
correlation between ADHD symptomatology and addiction disorders.?>*

All of this indicate that food addiction could be prevalent in individuals with attention
deficit disorders. Few studies on food addiction and ADHD have actually indicated a
positive association.®414414> Therefore, it was somewhat surprising that the weighted
prevalence of food addiction (12.3%) and the weighted dYFAS-C 2.0 score (10.0)
were in the very low end in participants with attention deficit disorder (including
both ADHD and attention-deficit disorder (ADD)) compared to the other mental
disorders. There was no difference in the prevalence of food addiction between the
sexes among participants with attention deficit disorder. This resonates well with a
large Danish cohort study on ADHD, which found both sexes to have an equally
increased risk of substance use disorder.?*®

There are various explanations for the unanticipated finding of a low prevalence of
food addiction and low dYFAC-C 2.0 scores among participants with attention deficit
disorder. First, the male preponderance in ADHD?*® and the female preponderance
in food addiction may account for the relatively low food addiction symptom load in
ADHD. Second, individuals with attention deficit disorder were less likely to respond
to the survey (adults: 21.9% for attention deficit disorder vs. 27.9% for the survey in
total, adolescents: 10% for attention deficit disorder vs. 12% for the survey in total).
This could have introduced selection bias; those managing to respond could
represent a less ill fraction of the sampled attention deficit disorder population.
Third, attention deficit disorder often co-occurs with (other) comorbid substance use
disorders, which could theoretically “compete”? with the less potent high palatable
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foods as the “drug of choice”. Also, appetite suppression from ADHD
medication?%%7 could contribute to the relatively low food addiction prevalence.
Although controversial, these findings could be key in identifying potential successful
medical treatments of food addiction. Stimulant medication is already approved and
used in the treatment of BED in the US,'** and Poulton et. al.?*® has suggested it in
the treatment of hedonic eating.

A contradictory finding to the low food addiction symptom load in participants with
attention deficit disorder was the moderate and positive correlation between the
self-reported SCL-92 ADHD subscale and the YFAS 2.0 symptom score/dYFAS-C 2.0
score. This was found across all diagnostic categories of mental disorders in both
adults and adolescents. A potential explanation for this somehow counterintuitive
finding could be that the SCL-92 ADHD subscale may reflect impulsivity as a trait
(known to associate with food addiction) in other mental disorders. In addition, the
association between impulsivity and food addiction in other mental disorders may
not necessarily be affected (and reduced) by the same potential mechanisms as
described for participants with ADHD (described in the section above).

Further research should be undertaken to clarify the association between food
addiction and ADHD.

5.4.9. FOOD ADDICTION AND SUBSTANCE USE DISORDERS

Food addiction in individuals with substance use disorders is only examined in the
adult population due to the low prevalence of clinically diagnosed substance use
disorders in adolescents.?°

The lowest weighted prevalence of food addiction was found in adults with
substance use disorders (8.3%) and was comparable to the prevalence in the Danish
general population (9.4%). Likewise, the self-reported measure of alcohol
dependence and abuse (AUDIT) did not correlate with food addiction in the adult
population. This resonates well with the lower risk of obesity in individuals with
substance use disorder.!? As described in previous sections, it is likely that more
potent substances like alcohol and cocaine could compete with the less potent
hyperpalatable foods on the same reward circuits in the brain.?®> This theory also
resonates with the so-called “addiction shift”, which has been described for bariatric
surgery patients. Addiction shift refers to a shift from food addiction to another
addiction (e.g., alcohol) following bariatric surgery.10426

Findings from previous research on food addiction and substance use disorder are,
however, somewhat mixed. Benzerouk et al. found no association between food
addiction and substance use disorder in bariatric surgery patients (prior to
surgery).?®! In contrast, a study in males with heroin use disorder found that both
binge eating disorder and food addiction were highly frequent in this group
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compared to the general population.? Among adolescents, a large-scale study also
found a positive association between substance use and food addiction.!!! In
accordance with this, we found that problematic alcohol consumption (AUDIT)
correlated with the dYFAS-C 2.0 score in adolescents. In adolescents with mental
disorder, this correlation was moderate. The positive correlation found for
adolescents, but not for adults, could suggest an emerging addiction tendency in
some adolescents;!®” an attraction towards addictive and rewarding substances,
where the “drug of choice” has not yet been determined. Future longitudinal studies
should investigate the trajectory of food addiction symptomatology from
adolescence to adulthood and clarify the association between food addiction and
other substance use disorders during this transition,

5.5. SEX DIFFERENCES IN FOOD ADDICTION

A clear female preponderance in food addiction was evident for both adults and
adolescents in all four populations (excluding bipolar disorder). This supports
previous evidence on the sex difference in food addiction**5! and resonates well with
the conclusions from a very recent review on sex disparity in obesity by Kroll and
collegues.?® They found some apparent differences in the mechanisms that are
involved in the development of obesity between the two sexes. Reward regions
appear to be of greater importance in females, whereas it seems to be linked to
changes in the somatosensory regions in males.?

Sex differences are also well described for substance use disorders and are known
to be present in all phases of the evolving addiction disorder. Specifically, females go
more rapidly from casual drug consumption to addictive use, and they exhibit
greater withdrawal response and greater vulnerability for relapse compared to
males.?®* Furthermore, across the majority of substance use disorders, there is a
clear male dominance. This is interesting in light of food addiction. Future research
could probably benefit from investigating the sex difference in food addiction more
comprehensively. Studies on sex-specific neurobiological and hormonal as well as
sociocultural aspects could presumably be beneficial in widening our understanding
of the food addiction construct.

5.6. THE FOOD ADDICTION CONSTRUCT

Our present understanding of the food addiction phenotype is not complete.
Consequently, we are not able to confirm nor reject whether food addiction is a valid
psychiatric syndrome. This has been the center of an ongoing — sometimes heated —
debate on whether or not food addiction is truly a single entity, or whether it does
exist at all.1?7255 Some authors argue that food addiction should be seen as a
behavioral addiction (“eating addiction”).?%® Others argue that food addiction is
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embedded in the eating disorder spectrum, and that it represents the most
pathological extreme when it accompanies a disorder in this spectrum.?%” In 2018,
Fletcher and Kenny!® presented arguments against and in favor of the validity of
food addiction as a single entity. They concluded that — although the present
evidence-base for food addiction is insufficient —important knowledge is likely to be
lost on the overconsumption of both food and drugs if the work on establishing and
investigating the food addiction construct is not continued. The food addiction
framework may contribute with valuable and important information to the addiction
field and vice versa.

As noted above, the field of food addiction is still in its emergence phase, and many
questions are still to be answered in order to confirm the “validity” of the food
addiction construct as a new diagnostic entity. However, Kendell and Jablensky
(2003)%® argue that the assumption of “valid” psychiatric diaghoses being discrete
entities as suggested by Robins and Guze?®® (who defined five criteria that had to be
fulfilled to confirm the validity of a new psychiatric construct) is questioned by both
clinical and genetic findings. Over the past decades, research has established that
substantial overlaps exist between the diagnostic categories in psychiatry, and that
the same genes and environmental factors contribute to different syndromes. Most
clinicians and researchers now accept a dimensional understanding of psychiatric
concepts and the utility of a diagnosis rather than a strict focus on the definite
validity of it. Kendell and Jablensky point toward two factors that are crucial for
determining the utility (not the validity) of psychiatric syndromes. First, the construct
should be well documented and described in the literature with regard to both
quantity and quality. Second, the implications of existing research, in particular in
terms of etiology, prognosis, and treatment, should be different from those existing
on related constructs. In other words, the new construct must add new information
and must have relevant clinical implications.?6®

With food addiction in mind, this perspective is indeed interesting. It would seem
unrealistic to find evidence of food addiction as a discrete diagnostic entity in line
with physical disorders, as none of the existing psychiatric diagnostic categories are
(except for the organic mental disorders). Instead, researchers may benefit from
keeping the utility and dimensionality of the construct in mind when investigating
and examining the food addiction construct. This approach has already been applied
by Tresure et al.1*® and Wiss et al.2*%, who describe the potential utility of the food
addiction framework in widening and refining our current understanding and
treatment of eating disorders. They suggest that food addiction occurs as a comorbid
condition to the primary eating disorder, which should be taken into consideration
when treating the condition.
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5.7. METHODS AND LIMITATIONS

This section addresses the strengths and limitations of the project. The section
includes a discussion and an evaluation of how the methodology of the project might
have affected the results of the studies.

5.7.1. STUDY DESIGN

The FADK study was designed as a cross-sectional study combined with retrospective
register data; the latter were used to perform attrition analyses. Thus, the most
important limitation was the cross-sectional design, which hinders the possibility for
temporal interpretations of the estimates obtained in the study. It was, therefore,
not possible to determine whether individuals with a mental disorder were more
prone to develop food addiction, or if food addiction was present before the
diagnosis of the mental disorder, which could potentially have increased the risk of
mental disorder. Only longitudinal studies could help clarify these questions.

5.7.2. INTERNAL VALIDITY
5.7.2.1 Selection bias

Methods to reduce the impact of selection bias

Participation in surveys has declined considerably over the past decades.?’>?"! This
development is likely to be a consequence of the quite steep increase in the number
of surveys, which is related to the new possibilities offered by the internet, and
strategies to improve the response rate have been studied widely.112272 With this in
mind, we implemented some strategies into the design to heighten the response
rate and thereby reduce selection bias:

1) By using eBoks for the invitations, we ensured that invitees were contacted from
a highly trustable mailing system, which is used only by public authorities. An
invitation received through another electronic mailing system would most likely
have been interpreted as “spam” or advertising material.

1) Personal guidance on filling the questionnaire was offered via telephone or mail.
) Invitees exempted from using eBoks (digital post) (n=560) received the initial
invitation by surface mail; they also had the opportunity to request a paper version
of the questionnaire with a pre-stamped return envelope.

IV) Participants who completed the full questionnaire entered a lottery for three

iPads. It has been documented that lotteries for money or gifts increase the
motivation to participate in surveys. This tends to be more pronounced in groups
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with lower socioeconomic status, who are usually the less likely to participate in
surveys.?’?

V) All invitees received the same information material, irrespective of population.
Importantly, the invitation consignee was the university hospital, even though the
project was based in a psychiatric research department. We deliberately made this
choice to avoid selection bias due to stigma related to mental disorders.152

VI) The focus of the survey was described as “general mental health and eating
habits”, and it was a deliberate choice not to mention “food addiction”. This choice
was made to reduce selection bias related to interest; individuals who identified with
the concept of food addiction could be more likely to respond to the survey and more
likely to score higher on the YFAS 2.0. This could have artificially inflated the
prevalence of food addiction.

VII) We deliberately oversampled (stratified probability sampling) less common
mental disorders, resulting in subsamples that were not representative for the
prevalence of these conditions in the source population (the “natural” distribution
of the different mental disorders).!'2 This approach was taken because individuals
with rare and severe mental disorders (e.g., psychotic disorders) would probably be
less able or less willing to participate in the study. The oversampling strategy was
chosen to mitigate this problem.

VIIl) Invitees were allowed to skip questions in the compiled questionnaire and
proceed. It is known to cause attrition from a survey if one is forced to answer all
questions to proceed.?’? The method used in the present study imitates pen-and-
paper questionnaires and encourages participants to continue answering.

Statistical methods to reduce the impact of selection bias

Even though the study was designed to reduce selection bias, we were aware that
not all invitees would participate. Therefore, the AIPW model (instead of wave
analyses) was used to calculate the weighted outcome estimates. The weighted
prevalence takes attrition from the study into account, thereby “mirroring” the
prevalence in the source population. It is, however, important to bear in mind that
the AIPW model has limitations. The model is limited by the variables included, or
rather the variables not included. The impact from variables that are not included in
the model on the food addiction estimate remains unknown. As discussed below,
BMI is probably one of the most important unknown variables (for non-
respondents). In addition, the higher the number of respondents who can add
information on the included variables and their association with food addiction, the
better prediction of the weighted estimate.

A more thorough description of the augmented weighted probability weighting is
available in section 3.1.7.6.
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Limitations with regard to selection bias

The response rates were acceptable for the adult populations. The overlap between
the crude and weighted prevalence estimates showed that attrition, with regard to
the included variables, did not change the estimates markedly. However, the
response rates were low in the two populations of adolescents. A possible
explanation could be that the adolescents were invited through their parents. We
did so to ensure that the parents were informed and able to decide whether their
child should have the opportunity to participate in the survey. It is likely that some
parents would decline participation on behalf of their child in order to protect them
from questions of a sensitive nature. This tendency could perhaps be more
pronounced if the adolescent had problems related to eating or mental health. The
close association between food addiction and eating pathology and between food
addiction and psychopathology may help explain the relatively low dYFAS-C 2.0
scores found in these studies. Furthermore, the weighted dYFAS-C 2.0 score
estimates were based on relatively few respondents; therefore, the propensity
weights were not as accurately calibrated as the ones for the adult population.

The participants from both the adolescent and the adult populations were less
overweight and obese compared to the general population in Denmark (as discussed
in section 5.3). Because the BMI/BMI z-score was not available for non-participants,
the weighted estimates did not take into account attrition coupled to BMI/BMI z-
score. Therefore, the food addiction prevalence as measured by the dYFAS-C 2.0
score obtained in these studies are likely to be lower than in a more representative
sample (with regard to BMI/BMI z-score). Furthermore, there was an
overrepresentation of respondents with higher socioeconomic status compared to
non-respondents; this applied to all four populations. Based on the known
association between lower socioeconomic status, poor eating habits, and resulting
overweight/obesity,1%2%1 this skewness in socioeconomic status between
participants and non-participants would likely have contributed to an
underestimation of the food addiction prevalence/symptomatology as well.

In the populations with mental disorder, we cannot preclude that those with
sufficient mental resources to answer represented a less ill fraction. If this was the
case, based on the close association between food addiction and mental disorder,
the food addiction load was likely to be underestimated. Therefore, it would be
relevant to investigate whether food addiction symptomatology fluctuates with the
severity of the primary mental disorder. However, due to the cross-sectional design,
this was not possible.

Lastly, due to their condition (e.g., mental retardation, dementia, and dyslexia),
some individuals were not able to participate. Therefore, the results cannot be
generalized to these groups. To investigate food addiction in such populations,
alternative approaches like personal interviews should be applied.
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5.7.2.2 Response bias

Conducting surveys using self-report measures inherently introduces a risk of
information bias. Personal clinical interviews with trained clinicians may provide
more valid information.2”327* However, it would be costly and hard to complete a
study of this size, and a structural clinical interview assessing food addiction is not
available. Furthermore, there is a tendency that self-reported weight and height are
misreported (mostly underestimated).2”> However, it has also been found that self-
reported BMI does not differ substantially from objective BMI measurements
obtained by clinicians.?’® Lastly, as the samples for the two populations with mental
disorder were drawn from the DPCRR, the results may be affected by limitations
related to this register. The most important potential limitation is that all recorded
diagnoses are assigned as part of everyday clinical practice. Therefore, some
diagnostic heterogeneity may be expected.

There are also advantages from using anonymized self-reported measures. When
self-reported measures are used in a survey, some invitees may be more likely to
participate due to convenience. In addition, some participants may be even more
likely to report information of a sensitive nature, like eating concerns and mental
health problems. Additionally, the reported information could be more accurate and
correct when not confronted by an interviewer (e.g., underreporting of symptoms
that one might find shameful).?”’

Misclassification bias

Misclassification of exposure (mental disorder)

The populations with mental disorder included individuals who were assigned a
primary diagnosis within one of the eight/six defined categories of mental disorders
in the period from January 1, 2013 to December 31, 2017. The period of five years
ensured that a sufficient number of cases was available to draw random samples
from each defined diagnostic category (this was, however, not possible for
adolescents with psychotic disorders). As consequence, the invitees did not
necessarily belong to the diagnostic category from which they were initially drawn.
At the time when the survey was conducted, the mental disorder could have
remitted in some invitees. Also, it is likely that some of the invitees fulfilled the
criteria for another diagnostic category than the one they were drawn from
originally. However, this probable diagnostic drift is most likely to be relevant for the
less severely ill. As food addiction seems to be more prevalent in individuals with
mental disorder, the food addiction prevalence/symptom load was possibly
underestimated due to a drift from ill to remission. In addition, this was probably
most evident for diagnostic categories like anxiety and depression. Another aspect
is that different mental disorders often co-occur at the same time. Therefore, at the
time of the survey, the main diagnosis could have changed.
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Lastly, the reader should note that the general populations were randomly sampled.
Therefore, individuals with mental disorder were also included. We deliberately
included all to obtain a representative sample from the general population. The
exceptions will be discussed under generalization of the results (5.7.3. External
validity).

Misclassification of outcome (food addiction)

Even though the survey was announced as a survey on “general mental health and
eating habits” and did not mention “food addiction”, it cannot be precluded that
individuals identifying with eating and disordered eating were more likely to
participate. In such case, the food addiction prevalence and the dYFAS-C 2.0 scores
would likely have been overestimated.

5.7.3. EXTERNAL VALIDITY

Random sampling strategies in general ensure that the generalizability to the source
population is maintained. However, in the FADK Project, exclusion criteria were
applied to ensure that those invited were able to understand the Danish language
(Danish born and Danish born parents). In addition, it was required that invitees had
a valid Danish postal address, and that they were not legally incapacitated. Hence,
the results from this project are not generalizable to the complete Danish
population, although to the majority (around 86% are of Danish ethnicity).?’®
Overall, the population prevalence obtained in the present studies is likely to be
comparable to that in other countries with similar distribution of overweight/obesity
and a similar food environment as in Denmark.

In the populations with mental disorder, it is important to note that the DPCRR (from
where the samples were drawn) includes only inpatient and outpatient hospital
contacts. Less severe mental disorders diagnosed and treated by general
practitioners and private practicing psychiatrists are not included. Consequently, the
prevalence estimates/dYFAS-C 2.0 scores obtained in the present studies generalize
only to the more severe spectrum of mental disorders.

5.7.4. ETHICAL ASPECTS

Conducting a survey by inviting a large number of individuals via a personal
electronic mail may potentially cause discontent among the invitees. They are
contacted without having expressed an a priori interest in participating in research.
This approach may thus give rise to some opposition, perhaps even suspiciousness
about why one is contacted, and how the institution contacting them got the
information about them. We were very much aware of this potential problem and
implemented the following strategies to ensure transparency:
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1) The invitation was kept short, and it included concise and easily understandable
information on the study purpose.

1) Name and contact information on the main investigator was included. The invitees
were advised to reach out by telephone or email if they had any questions regarding
the project, their rights, and ethical concerns, or if they needed help.

IIl) The invitees were given the opportunity to get information on which register their
name had been drawn from (CPR register or the DPCRR), and through this
information get to know which study population they belonged to. However, invitees
requesting the latter were informed that limitations are inherent to the DPCRR (e.g.,
misclassification of diagnoses) and that the Danish Health Data Authority could be
contacted if they disagreed on the information obtained from the register.

IV) Lastly, the invitees could actively indicate (by telephone or email) if they did not
want to participate. However, they indirectly stated the same by not filling in the
questionnaire. Importantly, it was clearly stated that participation was voluntary,
and that their consent to participate could be withdrawn at any time. Only few
invitees used this possibility after having begun to fill in the questionnaire.

During the period when the survey was open, several invitees contacted the main
investigator by telephone or email with questions regarding the project and ethical
concerns. Rather few requested information on which register they were drawn
from, and relatively few actively declined participation.

As described in section 3.1, there are specific concerns that must be considered
when including adolescents in a survey. In Denmark, the legal age of consent is 18
years. Until this age, the legal guardians must consent if their child is to participate
in research studies. Therefore, the invitation was sent to the parents to ensure that
the legal guardian(s) was informed on the study purpose and able to consent on
behalf of their child, or reject the invitation in case they believed that participation
would be too stressful for the adolescent. It is possible that parents of adolescents
with a mental disorder would be more likely to reject the invitation on behalf of their
child, which could have introduced a risk of selection bias (discussed further in
section 5.7.2.1 “Limitations with regard to selection bias”).
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This combined survey and register-based study was the first to investigate food
addiction as a comorbid condition to the major mental disorders. Based on
sociodemographic and health-related register data on all invitees, comprehensive
attrition analyses were conducted, and the weighted food addiction
prevalence/dYFAS-C 2.0 scores were estimated.

The studies confirmed that food addiction is highly prevalent in individuals with a
clinically verified mental disorder compared to the general population; and it seems
that food addiction, like other addiction disorders, often co-occur with mental
disorders; this may lead to obesity and potentially worsen the severity of the primary
mental disorder.

Despite the exploratory and descriptive nature of the studies included in this PhD
dissertation, the findings add to our current understanding of food addiction and
may lay the groundwork for future research on food addiction and mental disorders.
Specifically, five key findings were uncovered.

First, both the Danish YFAS 2.0 and the Danish dYFAS-C 2.0 showed to be
psychometric valid measures of food addiction in both the general population and in
individuals with clinically verified mental disorder. This applied for both adults and
adolescents. The overlapping crude and weighted prevalence estimates measured
by the dYFAS-C 2.0 scores indicated that selection bias might not be a significant
problem when measuring food addition.

Second, food addiction was found to be relatively prevalent (9.4%) in the general
adult population. This finding indicates that food addiction could be a potential
obesogenic mechanism contributing to overweight and obesity in the general Danish
population, and potentially add knowledge on alternative treatment and prevention
strategies.

Third, the food addiction symptom load (dYFAS-C 2.0 score) was relatively low
among adolescents; this was partly caused by a low mean BMI z-score among the
respondents. This could also indicate that food addiction symptomatology has not
yet fully emerged in adolescents. Future investigations of food addiction
symptomatology in the transition from adolescence to adulthood could help
elucidate the underlying etiological mechanisms in food addiction and investigate
specific risk factors for developing fulminant food addiction.

Fourth, the association between food addiction symptomatology and increasing BMI
(especially obesity) was confirmed, also among individuals with mental disorder.
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Further investigations of this association may help disentangle the complex pathway
to obesity in individuals with mental disorders.

Finally, the most important finding was that food addiction is indeed more prevalent
in individuals with mental disorder compared to the general population. This was
particularly evident for eating disorders, affective disorders, personality disorders,
and psychotic disorders (in females). These findings suggest that food addiction, akin
to other addiction disorders, often co-occur with mental disorder and may lead to
obesity and potentially worsen the severity of the primary mental disorder. These
are important avenues for further investigation, which may inform prevention and
treatment strategies in the future.
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This project is the first comprehensive study to investigate food addiction comorbid
to a wide range of clinically verified mental disorders. In the process of establishing
evidence for food addiction as a common comorbidity to major mental disorders, a
range of new questions has been raised. Suggestions for future research that could
address some of these new questions are presented below.

7.1.1.1 Psychometric refinement of the YFAS

A psychometric refinement of the YFAS 2.0 and the dYFAS-C 2.0/YFAS-C 2.0 is highly
warranted to further validate the construct of food addiction.

The full version of YFAS 2.0 has already been modified into a briefer (and validated)
version, the Modified Yale Food Addiction Scale 2.0 (mYFAS 2.0).27° Thus, it would be
an important next step to conduct item response theory based psychometric
analyses on the mYFAS 2.0. This could further refine the construct validity and add
information on whether each item is truly representative of the underlying
construct; such knowledge would add unique information on the severity
(unidimensionality). In addition, it would provide knowledge on whether the current
way of scoring by adding together the number of endorsed SRAD criteria into a total
score is a valid measure of the severity of the syndrome.

Future studies should also investigate the possibility of dichotomizing the YFAS-C 2.0.
A diagnostic scoring option for the YFAS 2.0 would be important to allow detection
of more pathological states of food addiction in adolescents, including impairment
and distress. The full version based on all eleven SRAD criteria (as in the adult YFAS
2.0) should be examined. However, it would also be important to examine the
validity of a briefer version (dYFAS-C 2.0) based on the seven SRAD criteria (plus the
criteria regarding impairment/distress), while excluding the problem-focused SRAD
symptoms. We plan to conduct such analyses on data from the FADK project.

Finally, studies have so far relied strictly on the YFAS diagnosis of food addiction.
Therefore, it would be highly relevant to develop a corresponding semi-structured
interview. Such semi-structured interview could be helpful in capturing details on
the symptomatology that may be lost in self-reported questionnaires. In
combination with qualitative research, this could help to further consolidate the
construct of food addiction. This specific gap has also been acknowledged by Schulte
et al. based on a review of the literature.!*°
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7.1.1.2 Food addiction comorbid to mental disorders

The high comorbidity between food addiction and mental disorder, in addition to the
association between food addiction and obesity, have important implications. Future
studies need to gain insights into these complex associations.

Specifically, identifying the outcomes of food addiction co-occurring with mental
disorders is highly warranted. It could be hypothesized that the close association
between obesity and mental disorder could (partly) be mediated by food addiction
in some cases. Results from this study partly support this notion. Nevertheless,
longitudinal studies are needed to investigate the temporal and causal aspects of
this association. Another important aspect would be to investigate the interaction
between food addiction symptomology and the symptomatology of the primary
mental disorder, and whether the severity of the primary mental disorder may
fluctuate with food addiction severity. Ideally, the temporal and causal aspects of
such associations should also be explored. Data from the SCL-92 subscales on
depression and anxiety, which formed part of the FADK survey, may help disentangle
this association; these measures represent a snapshot of the depression and anxiety
symptoms at the time when food addiction was assessed. Furthermore, follow-up
studies using the Danish registers could help investigate whether individuals with
food addiction have a higher incidence of mental disorders compared to individuals
without food addiction. Finally, the identification of unique risk factors for
developing food addiction comorbid to mental disorder could help inform strategies
aimed at preventing and treating food addiction in this population.

In section 7.1.1.3. “Trajectories of food addiction”, different research strategies for
investigating both risk factors and outcomes of food addiction are described further
(both alone and when comorbid to mental disorder).

Psychotropic medication and food addiction

The well-known appetite-related side effects of psychotropic medication make it
highly relevant to further investigate the impact from psychotropic medication on
food addiction symptomatology. For instance, it could be hypothesized that ADHD
medication (partly explained by appetite suppression)?®” may reduce symptoms of
food addiction. In contrast, it could be hypothesized that treatment with
medications that are known to have appetite-enhancing side effects (e.g.,
antipsychotics)'?®*may result in more symptoms of food addiction. Based on data
from the FADK study, we plan to conduct extensive analyses on the potential
association between psychotropic medication and food addiction.

7.1.1.3 Trajectories of food addiction

In order to obtain more knowledge on food addiction, it is important to identify risk
factors as well as long-term consequences of the condition (also described above).
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To obtain such information, longitudinal studies are needed. A major limitation of
existing research is, however, the paucity of longitudinal studies with a sufficient
follow-up period.*? Based on data from the FADK project, it is possible to investigate
both risk factors and outcomes of food addiction. We plan to carry out these studies
in the near future with particular emphasis on the following aspects.

Characteristics of food addiction

The finding of nearly identical crude and weighted estimates of food addiction
suggests that the food addiction “diagnosis” may not be that sensitive to selection
bias. Indirectly, this could indicate that food addiction is not as closely associated
with specific sociodemographic groups as one would expect. Therefore, a natural
next step is to make a thorough characterization of those fulfilling the criteria for
food addiction compared to those who do not. It could be hypothesized that food
addiction — due to the close association with obesity — would be more prevalent in
lower sociodemographic groups.’®*2°! Data from the FADK project allow for a
comprehensive characterization of individuals with food addition (using the same
variables as for the attrition analyses); this could allow us to explore whether there
are different characteristics for individuals with food addiction alone compared to
individuals with food addiction comorbid to mental disorder. Such knowledge could
help identify potential high-risk groups and thereby target prevention strategies.

Furthermore, the potential association between food addiction and the subjective
experience of wellbeing/quality of life could be examined with data from the WHO-
5 wellbeing index. It is likely that there is a negative association between food
addiction symptomatology and wellbeing. When characterizing a potential new
diagnosis, it is of high importance to investigate the subjective experience of and
distress related to the illness to fully understand the need for intervention.

Retrospective studies

Most of the Danish registers used in the FADK Project contain data dating back to
the 1970s. Besides the registers used for the studies described in this PhD
dissertation, registers on several other sociodemographic and economic aspects,
including previous psychiatric and physical illness, are available. These data allow for
a comprehensive retrospective investigation of the characteristics of the participants
in the FADK project, including a comparison between those with and without food
addiction, and those with food addiction comorbid to mental disorder. With the use
of more advanced analytical prediction models and machine learning models,
potential risk factors for food addiction may be identified.

Prospective follow-up

Register-based data

The Danish registers also provide the possibility of conducting prospective follow-up
studies, where new register data (e.g., on physical illness or mental disorder) are
coupled to the participants from the FADK project. This would allow for an
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investigation of potential outcomes of food addiction, including life-style related
metabolic diseases (e.g., cardiovascular disease and type 2 diabetes) and mental
disorders (please see section 7.1.1.2).

Few studies have already investigated the association between food addiction and
different biochemical parameters and physical conditions related to obesity. For
instance, Nelder et al. found that food addiction correlated with insulin resistance
and dyslipidemia in a sample from the general population.?®® The association
between food addiction and type 2 diabetes has also been investigated, and a
positive association has generally been found.””-8! An important avenue for future
research would be to investigate the direction of these associations and identify
other potential outcomes of food addiction. Future follow-up studies based on data
from the FADK project and data from the Danish registers would allow for such
investigations.

Follow-up survey

There is a lack of long-term follow-up studies on food addiction, which means that
the existing knowledge is sparse on the stability of the food addiction construct?81.282
and on the incidence of food addiction. Follow-up surveys among participants from
the FADK project will provide us with the opportunity to investigate these aspects.
Furthermore, as previously discussed, food addiction symptomatology is likely to
increase the risk of obesity over time. Even though obesity seems to be an obvious
outcome of food addiction, it would be important to document BMI over longer time
periods. The trajectories of BMI in relation to food addiction could be further
investigated through follow-up surveys with intervals from two to five years.

Another important aspect is to examine adolescents and food addiction
symptomatology in the transition from adolescence into adulthood. Trajectories of
food addiction alongside other addictive behaviors would be of great relevance to
investigate specific risk factors for developing fulminant food addiction. Future
follow-up surveys among the adolescents from the FADK project combined with
register data would allow such investigations.

This dissertation was written alongside the COVID-19 pandemic. This has given rise
to some thoughts on how the COVID-19 pandemic may affect food addiction
symptomatology and the incidence of food addiction. A well-known risk factor for
substance use disorders is loneliness, %284 which several people experienced during
“lock-down” all over the world. Furthermore, food addiction and symptoms of
anxiety and depression are highly associated; the two latter have also shown to
elevate in many people during this period.8>28 |n addition, one previous study did
find an association between food addiction and loneliness in adolescents.*?! Thus,
the COVID-19 pandemic might turn out to be the ideal incubator for food addiction.
A new survey could help answer this question. Specifically, the present FADK study
could provide a benchmark from before the pandemic. Ideally, a new survey should
be conducted during the pandemic and again when the pandemic is over. This would
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provide three measures of the food addiction symptomatology, with numerous
possibilities to explore how it has fluctuated during the pandemic.

7.1.1.4 Family transmission

Studies investigating food addiction in families’® and studies on potential genetic
mechanisms in food addiction are generally sparse.?® Nevertheless, there are some
major advantages from investigating food addiction in families. Such studies could
provide knowledge on cross-generational genetic and environmental factors (from
the Danish register). Furthermore, the investigation of eating patterns (food
addiction) in families and the potential association with, e.g., sociodemographic
factors, mental disorder, and physical illness, could help identify families at greater
risk of developing food addiction.!>?

Epidemiological studies have indicated that maternal obesity in pregnancy may
increase the risk of several mental disorders, including ADHD, depression, and eating
disorders in the child.?®” As the FADK project includes data on maternal (e.g., BMI,
physical disorders, and mental disorders), prenatal (maternal BMI, complications
during pregnancy, etc.), and postnatal (e.g., birth weight) characteristics of the
adolescent participants, such associations could be explored in relation to food
addiction. The comparison of adolescents with high dYFAS-C 2.0 scores vs. low
dYFAS-C 2.0 scores may help identify potential maternal and perinatal risk factors for
food addiction symptomatology.

7.1.1.5 Intervention studies

A potential advantage of the food addiction framework applied to overeating is
identification of effective intervention strategies. Therefore, a very important aspect
of future research is intervention studies. Several researchers have suggested that
relevant interventions should be based on treatment strategies from the addiction
field.288289 Sych strategies could include help to reduce cue reactivity, craving, and
withdrawal symptoms via psychoeducation, cognitive behavioral therapy, and
pharmacotherapy. However, before such studies can be properly conducted, more
knowledge on both risk factors and outcomes of food addiction is needed to ensure
well-designed studies with regard to outcome measures and confounding factors.
Ideally, future studies based on the FADK project could provide such knowledge
(described above in section 7.1.1.2 and 7.1.1.3).

Finally, even though individual treatment (e.g., cognitive behavioral therapy,
pharmacotherapy) seems feasible (including the potential motivation from
pharmaceutical companies to engage in development of new pharmacotherapies), a
great challenge in preventing and treating food addiction is the obesogenic food
environment.?® It can be difficult to overcome an addiction disorder if one is
constantly exposed to cues that trigger the addictive behavior. Therefore, the food
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addiction framework also points to a need for more structural changes with regard
to health policies, e.g., food production, availability of hyperpalatable foods, and
advertisement/commercials of hyperpalatable foods. 22!

Another perspective is that of weight stigma related to obesity. Several studies have
suggested that weight stigma, rather than self-devaluation related to weight and
shape, could be an important predictor of overeating.2°2?°3 Weight stigma has also
been investigated in relation to food addiction. Some studies find food addiction to
be less associated with weight stigma compared to an alternative diet and exercise
explanation model (as a proxy for obesity as solely related to personal control).2%3"
2% This suggests that the food addiction framework may also help de-stigmatize
individuals suffering from obesity, which may in itself reduce overeating.

In conclusion, the FADK study has several implications for both researchers and
clinicians. Future studies based on data from the FADK study may help provide
knowledge on risk factors and outcomes of food addiction; establishing such new
knowledge is a critical step to identify targets for future interventions aimed at
preventing and treating food addiction.

106



REFERENCES

REFERENCES

10.

Gearhardt AN, Corbin WR, Brownell KD. Development of the Yale Food
Addiction Scale Version 2.0. Psychol Addict Behav. 2016;30(1):113-121.
doi:10.1037/adb0000136

American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders Fifth Edition (DSM-5). Revised 5t. American Psychiatric
Publishing; 2013.

Lennerz B, Lennerz JK. Food Addiction, High-Glycemic-Index Carbohydrates,
and Obesity. Clin Chem. 2018;64(1):64-71.
doi:10.1373/clinchem.2017.273532

Thornicroft G. Physical health disparities and mental iliness: The scandal of
premature  mortality. Br J  Psychiatry.  2011;199(6):441-442.
doi:10.1192/bjp.bp.111.092718

Lawrence D, Hancock KJ, Kisely S. The gap in life expectancy from
preventable physical illness in psychiatric patients in Western Australia:
retrospective analysis of population based registers. BMJ Br Med J.
2013;346:f2539. doi:10.1136/bmj.f2539

Laursen T, Musliner K, Benros M, Vestergaard M, Munk-Olsen T. Mortality
and life expectancy in persons with severe unipolar depression. J Affect
Disord. 2016;193. d0i:10.1016/j.jad.2015.12.067

Tanskanen A, Tiihonen J, Taipale H. Mortality in schizophrenia: 30-year
nationwide follow-up study. Acta Psychiatr Scand. 2018;138(6):492-499.
doi:10.1111/acps.12913

Walker ER, McGee RE, Druss BG. Mortality in mental disorders and global
disease burden implications: a systematic review and meta-analysis. JAMA
psychiatry. 2015;72(4):334-341. doi:10.1001/jamapsychiatry.2014.2502

Plana-Ripoll O, Pedersen CB, Agerbo E, et al. A comprehensive analysis of
mortality-related health metrics associated with mental disorders: a
nationwide, register-based cohort study. Lancet. October 2019.
doi:10.1016/50140-6736(19)32316-5

Liu NH, Daumit GL, Dua T, et al. Excess mortality in persons with severe

mental disorders: a multilevel intervention framework and priorities for
clinical practice, policy and research agendas. World Psychiatry.

107



11.

12.

13.

14.

15.

16.

17.

18.

19.

FOOD ADDICTION COMORBID TO MENTAL DISORDERS

2017;16(1):30-40. doi:10.1002/wps.20384

Barber S, Thornicroft G. Reducing the Mortality Gap in People With Severe
Mental Disorders: The Role of Lifestyle Psychosocial Interventions. Front
psychiatry. 2018;9:463. doi:10.3389/fpsyt.2018.00463

Simon GE, Von Korff M, Saunders K, et al. Association between obesity and
psychiatric disorders in the US adult population. Arch Gen Psychiatry.
2006;63(7):824-830. doi:10.1001/archpsyc.63.7.824

Firth J, Siddigi N, Koyanagi A, et al. The Lancet Psychiatry Commission: a
blueprint for protecting physical health in people with mental illness. The
Lancet Psychiatry. 2019;6(8):675-712. doi:10.1016/52215-0366(19)30132-4

Toftdahl NG, Nordentoft M, Hjorthgj C. Prevalence of substance use
disorders in psychiatric patients: a nationwide Danish population-based
study. Soc Psychiatry  Psychiatr  Epidemiol. 2016;51(1):129-140.
doi:10.1007/s00127-015-1104-4

Plana-Ripoll O, Pedersen CB, Holtz Y, et al. Exploring Comorbidity Within
Mental Disorders Among a Danish National Population. JAMA psychiatry.
2019;76(3):259-270. doi:10.1001/jamapsychiatry.2018.3658

Hjorthgj C, @stergaard ML, Benros ME, et al. Association between alcohol
and substance use disorders and all-cause and cause-specific mortality in
schizophrenia, bipolar disorder, and unipolar depression: a nationwide,
prospective, register-based study. The lancet Psychiatry. 2015;2(9):801-808.
doi:10.1016/52215-0366(15)00207-2

Regier DA, Farmer ME, Rae DS, et al. Comorbidity of Mental Disorders With
Alcohol and Other Drug Abuse: Results From the Epidemiologic Catchment
Area (ECA) Study. JAMA J Am Med Assoc. 1990;264(19):2511-2518.
doi:10.1001/jama.1990.03450190043026

Abarca-Gémez L, Abdeen ZA, Hamid ZA, et al. Worldwide trends in body-
mass index, underweight, overweight, and obesity from 1975 to 2016: a
pooled analysis of 2416 population-based measurement studies in 128.9
million children, adolescents, and adults. Lancet. 2017;390(10113):2627-
2642. doi:10.1016/5S0140-6736(17)32129-3

World Health Organisation. World Health Organisation Fact sheet on Obesity
and overweight. https://www.who.int/en/news-room/fact-
sheets/detail/obesity-and-overweight. Published 2018. Accessed February
14, 2019.

108



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

REFERENCES

Brownell KD, Cooksey-Stowers K, Schwartz M, Brownell K. Food Swamps
Predict Obesity Rates Better Than Food Deserts in the United States. Int J
Environ Res Public Health. 2017;14(11). doi:10.3390/ijerph14111366

Gearhardt AN, Davis C, Kuschner R, Brownell KD. The addiction potential of
hyperpalatable foods. Curr Drug Abuse Rev. 2011;4(3):140-145.
doi:BSP/CDAR/E-Pub/000040 [pii]

Cannon J-C, Monteiro C, Moubarac J, Cannon G. Ultra-processed products
are becoming dominant in the global food system. Obes Rev. 2013;14 Suppl
2:21-28. doi:10.1111/0br.12107

Monteiro CA, Cannon G, Levy RB, et al. Ultra-processed foods: what they are
and how to identify them. Public Health Nutr. 2019;22(5):936-941.
doi:10.1017/51368980018003762

Lindberg MA, Dementieva Y, Cavender J. Why has the BMI gone up so
drastically in the last 35 vyears? J Addict Med. 2011;5(4):272-278.
doi:http://dx.doi.org/10.1097/ADM.0b013e3182118d41

Volkow ND, Wang G-J, Tomasi D, Baler RD. The Addictive Dimensionality of
Obesity. Biol Psychiatry. 2013;73(9):811-818.
doi:10.1016/j.biopsych.2012.12.020

Lindgren E, Gray K, Miller G, et al. Food addiction A common neurobiological
mechanism with drug abuse. Front Biosci. 2018;23(3):811-836.
doi:10.2741/4618

Schulte EM, Avena NM, Gearhardt AN. Which foods may be addictive? The
roles of processing, fat content, and glycemic load. PLoS One.
2015;10(2):e0117959. doi:10.1371/journal.pone.0117959

Gordon EL, Ariel-Donges AH, Bauman V, Merlo LJ. What is the evidence for
“food addiction?” A systematic review. Nutrients. 2018;10(4).
doi:10.3390/nu10040477

Hardee JE, Phaneuf C, Cope L, Zucker R, Gearhardt A, Heitzeg M. Neural
correlates of inhibitory control in youth with symptoms of food addiction.
Appetite. 2020;148:104578. doi:10.1016/j.appet.2019.104578

Goldstein RZ, Volkow ND. Dysfunction of the prefrontal cortex in addiction:

neuroimaging findings and clinical implications. Nat Rev Neurosci.
2011;12(11):652-669. doi:10.1038/nrn3119

109



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

FOOD ADDICTION COMORBID TO MENTAL DISORDERS

Schulte EM, Yokum S, Jahn A, Gearhardt AN. Food cue reactivity in food
addiction: A functional magnetic resonance imaging study. Physiol Behav.
2019;208:112574. doi:10.1016/j.physbeh.2019.112574

Gearhardt AN, Yokum S, Orr PT, Stice E, Corbin WR, Brownell KD. Neural
correlates of food addiction. Arch Gen Psychiatry. 2011;68(8):808-816.
doi:10.1001/archgenpsychiatry.2011.32

Boswell RG, Kober H. Food cue reactivity and craving predict eating and
weight gain: a meta-analytic review. Obes Rev. 2016;17(2):159-177.
doi:10.1111/0br.12354

Adams RC, Sedgmond J, Maizey L, Chambers CD, Lawrence NS. Food
addiction: Implications for the diagnosis and treatment of overeating.
Nutrients. 2019;11(9). d0i:10.3390/nu11092086

Burrows T, Hides L, Brown R, Dayas C V., Kay-Lambkin F. Differences in
dietary preferences, personality and mental health in Australian adults with
and without food addiction. Nutrients. 2017;9(3). doi:10.3390/nu9030285

Gearhardt AN, Corbin WR, Brownell KD. Preliminary validation of the Yale
Food Addiction Scale. Appetite. 2009;52(2):430-436.
doi:10.1016/j.appet.2008.12.003 [doi]

Gearhardt AN, Roberto CA, Seamans MJ, Corbin WR, Brownell KD.
Preliminary validation of the Yale Food Addiction Scale for children. Eat
Behav. 2013;14(4):508-512. doi:10.1016/j.eatbeh.2013.07.002 [doi]

Gearhardt AN, Corbin WR. The role of food addiction in clinical research. Curr
Pharm Des. 2011;17(12):1140-1142. doi:BSP/CPD/E-Pub/000428 [pii]

Meule A. Back by Popular Demand: A Narrative Review on the History of
Food Addiction Research. Yale J Biol Med. 2015;88(3):295-302.

Volkow ND, Koob G, Volkow N. Neurobiology of addiction: a neurocircuitry
analysis. The lancet Psychiatry. 2016;3(8):760-773. do0i:10.1016/52215-
0366(16)00104-8

Pursey KM, Stanwell P, Gearhardt AN, Collins CE, Burrows TL. The prevalence
of food addiction as assessed by the Yale Food Addiction Scale: a systematic

review. Nutrients. 2014;6(10):4552-4590. doi:10.3390/nu6104552 [doi]

Meule A, Gearhardt AN. Ten Years of the Yale Food Addiction Scale: a Review
of Version 2.0. Curr Addict Reports. 2019;6(3):218-228. doi:10.1007/s40429-

110



43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

REFERENCES

019-00261-3

Innamorati M, Imperatori C, Manzoni GM, et al. Psychometric properties of
the Italian Yale Food Addiction Scale in overweight and obese patients. Eat
Weight Disord. 2015;20(1):119-127. d0i:10.1007/s40519-014-0142-3 [doi]

Ahmed AY, Sayed AM, Mostafa KM, Abdelaziz EA. Food addiction relations
to depression and anxiety in Egyptian adolescents. Egypt Pediatr Assoc Gaz.
2016;64(4):149-153. doi:https://doi.org/10.1016/j.epag.2016.09.002

Torres S, Camacho M, Costa P, et al. Psychometric properties of the
Portuguese version of the Yale Food Addiction Scale. Eat Weight Disord.
2017;22(2):259-267. doi:10.1007/s40519-016-0349-6 [doi]

Swarna Nantha Y, Abd Patah NA, Ponnusamy Pillai M. Preliminary validation
of the Malay Yale Food Addiction Scale: Factor structure and item analysis in
an obese population. Clin Nutr ESPEN. 2016;16:42-47. doi:S2405-
4577(16)30260-1 [pii]

Wiedemann AA, Lawson JL, Cunningham PM, et al. Food addiction among
men and women in India. Eur Eat Disord Rev. 2018;26(6):597-604.
doi:10.1002/erv.2613

Brunault P, Ballon N, Gaillard P, Reveillere C, Courtois R. Validation of the
French version of the yale food addiction scale: an examination of its factor
structure, reliability, and construct validity in a nonclinical sample. Can J
psychiatryRevue Can Psychiatr. 2014;59(5):276-284.

Brunault P, Courtois R, Gearhardt AN, et al. Validation of the French Version
of the DSM-5 Yale Food Addiction Scale in a Nonclinical Sample. Can J
psychiatryRevue Can Psychiatr. 2017;62(3):199-210.
doi:10.1177/0706743716673320 [doi]

Meule A, Muller A, Gearhardt AN, Blechert J. German version of the Yale
Food Addiction Scale 2.0: Prevalence and correlates of “food addiction” in
students and obese individuals. Appetite. 2017;115:54-61. doi:S0195-
6663(16)30505-0

Granero R, Hilker I, Aguera Z, et al. Food addiction in a Spanish sample of
eating disorders: DSM-5 diagnostic subtype differentiation and validation

data. Eur Eat Disord Rev. 2014;22(6):389-396. d0i:10.1002/erv.2311 [doi]

Chen G, Tang Z, Guo G, Liu X, Xiao S. The Chinese version of the Yale Food
Addiction Scale: An examination of its validation in a sample of female

111



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

FOOD ADDICTION COMORBID TO MENTAL DISORDERS

adolescents. Eat Behav. 2015;18:97-102. doi:10.1016/j.eatbeh.2015.05.002
[doi]

Aloi M, Rania M, Rodriguez Mufioz RC, et al. Validation of the Italian version
of the Yale Food Addiction Scale 2.0 (I-YFAS 2.0) in a sample of
undergraduate students. Eat Weight Disord. 2017;22(3):527-533.
doi:10.1007/s40519-017-0421-x

Sanlier N, Turkozu D, Toka O. Body Image, Food Addiction, Depression, and
Body Mass Index in University Students. Ecol Food Nutr. 2016;55(6):491-507.
doi:10.1080/03670244.2016.1219951 [doi]

Ahmed AY, Sayed AM. Prevalence of food addiction and its relationship to
body mass index. Egypt J Med Hum Genet. 2017;18(3):257-260.
doi:https://doi.org/10.1016/j.ejmhg.2016.10.002

Erzsébet Magyar E, Tényi D, Gearhardt A, et al. Adaptation and validation of
the Hungarian version of the Yale Food Addiction Scale for Children. J Behav
Addict. 2018;7(1):181-188. doi:10.1556/2006.7.2018.03

Schulte EM, Jacques-Tiura AJ, Gearhardt AN, Naar S. Food Addiction
Prevalence and Concurrent Validity in African American Adolescents With
Obesity. Psychol Addict Behav. November 2017. doi:10.1037/adb0000325
[doi]

Borisenkov MF, Tserne TA, Bakutova LA. Food addiction in Russian
adolescents: Associations with age, sex, weight, and depression. Eur Eat
Disord Rev. 2018;26(6):671-676. doi:10.1002/erv.2644

Schiestl ET, Gearhardt AN. Preliminary validation of the Yale Food Addiction
Scale for Children 2.0: A dimensional approach to scoring. Eur Eat Disord Rev.
2018;26(6):605-617. doi:10.1002/erv.2648

Piontek D, Kraus L, Legleye S, Blhringer G. The validity of DSM-IV cannabis
abuse and dependence criteria in adolescents and the value of additional
cannabis use indicators. Addiction. 2011;106(6):1137-1145.
doi:10.1111/j.1360-0443.2010.03359.x

Penzenstadler L, Soares C, Karila L, Khazaal Y. Systematic Review of Food
Addiction as Measured with the Yale Food Addiction Scale: Implications for
the Food Addiction Construct. Curr Neuropharmacol. 2018;17(6):526-538.
doi:10.2174/1570159x16666181108093520

Burrows T, Skinner J, McKenna R, Rollo M. Food Addiction, Binge Eating

112



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

REFERENCES

Disorder, and Obesity: Is There a Relationship? Behav Sci (Basel,
Switzerland). 2017;7(3). doi:E54 [pii] 10.3390/bs7030054

Nunes-Neto PR, Kohler CA, Schuch FB, et al. Food addiction: Prevalence,
psychopathological correlates and associations with quality of life in a large
sample. J Psychiatr Res. 2017;96:145-152. doi:50022-3956(17)31029-4 [pii]

Burrows T, Hides L, Brown R, Dayas CV, Kay-Lambkin F. Differences in Dietary
Preferences, Personality and Mental Health in Australian Adults with and
without Food Addiction. Nutrients. 2017;9(3). doi:10.3390/nu9030285

Fattore L, Melis M, Fadda P, Fratta W. Sex differences in addictive disorders.
Front Neuroendocrinol. 2014;35(3):272-284.
doi:10.1016/j.yfrne.2014.04.003

Murphy CM, Stojek MK, MacKillop J. Interrelationships among impulsive
personality traits, food addiction, and Body Mass Index. Appetite.
2014;73:45-50. doi:50195-6663(13)00418-2 [pii]

de Vries SK, Meule A. Food Addiction and Bulimia Nervosa: New Data Based
on the Yale Food Addiction Scale 2.0. Eur Eat Disord Rev. 2016;24(6):518-
522. doi:10.1002/erv.2470

Ivezaj V, White MA, Grilo CM. Examining binge-eating disorder and food
addiction in adults with overweight and obesity. Obesity (Silver Spring).
2016;24(10):2064-2069. doi:10.1002/0by.21607 [doi]

Hauck C, Weiss A, Schulte EM, Meule A, Ellrott T. Prevalence of “Food
Addiction” as Measured with the Yale Food Addiction Scale 2.0 in a
Representative German Sample and Its Association with Sex, Age and Weight
Categories. Obes Facts. 2017;10(1):12-24. doi:10.1159/000456013 [doi]

Masheb RM, Ruser CB, Min KM, Bullock AJ, Dorflinger LM. Does food
addiction contribute to excess weight among clinic patients seeking weight
reduction? Examination of the Modified Yale Food Addiction Survey. Compr
Psychiatry. 2018;84:1-6. doi:10.1016/j.comppsych.2018.03.006

Schulte EM, Gearhardt AN. Associations of Food Addiction in a Sample
Recruited to Be Nationally Representative of the United States. Eur Eat
Disord Rev. 2018;26(2):112-119. doi:10.1002/erv.2575

Mason SM, Flint AJ, Field AE, Austin SB, Rich-Edwards JW. Abuse

victimization in childhood or adolescence and risk of food addiction in adult
women. Obesity (Silver Spring). 2013;21(12):E775-81.

113



73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

FOOD ADDICTION COMORBID TO MENTAL DISORDERS

doi:10.1002/0by.20500 [doi]

Pedram P, Wadden D, Amini P, et al. Food addiction: its prevalence and
significant association with obesity in the general population. PLoS One.
2013;8(9):e74832. doi:10.1371/journal.pone.0074832 [doi]

Flint AJ, Gearhardt AN, Corbin WR, Brownell KD, Field AE, Rimm EB. Food-
addiction scale measurement in 2 cohorts of middle-aged and older women.
Am J Clin Nutr. 2014;99(3):578-586. doi:10.3945/ajcn.113.068965 [doi]

Gearhardt AN, Boswell RG, White MA. The association of “food addiction”
with disordered eating and body mass index. Eat Behav. 2014;15(3):427-433.
doi:10.1016/j.eatbeh.2014.05.001 [doi]

Burrows T, Skinner J, Joyner MA, Palmieri J, Vaughan K, Gearhardt AN. Food
addiction in children: Associations with obesity, parental food addiction and
feeding practices. Eat Behav. 2017;26:114-120. doi:S1471-0153(16)30391-9

[pii]

Raymond KL, Lovell GP. Food addiction symptomology, impulsivity, mood,
and body mass index in people with type two diabetes. Appetite.
2015;95:383-389. d0i:10.1016/j.appet.2015.07.030 [doi]

Nicolau J, Romerosa JM, Rodriguez |, et al. Associations of food addiction
with metabolic control, medical complications and depression among
patients with type 2 diabetes. Acta Diabetol. April 2020.
doi:10.1007/s00592-020-01519-3

Raymond K-LL, Kannis-Dymand L, Lovell GPG, Lovell GPG. A graduated food
addiction classification approach significantly differentiates obesity among
people with type 2 diabetes. J Health Psychol. 2016;23(14):1781-1789.
doi:10.1177/1359105316672096 [doi]

Yang F, Liu A, Li Y, et al. Food Addiction in Patients with Newly Diagnosed
Type 2 Diabetes in Northeast China. Front Endocrinol (Lausanne).
2017;8:218. doi:10.3389/fendo.2017.00218 [doi]

R. O, SassoneCorsi P. Epigenetic control and the circadian clock: Linking
metabolism to neuronal responses. Neuroscience. 2014;264:76-87.
doi:http://dx.doi.org/10.1016/j.neuroscience.2014.01.043

Andreassen CS, Griffiths MD, Gjertsen SR, Krossbakken E, Kvam S, Pallesen S.

The relationships between behavioral addictions and the five-factor model
of personality. J Behav Addict JBA. 2013;2(2):90-99.

114



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

REFERENCES

doi:10.1556/jba.2.2013.003

Bonder R, Davis C, Kuk JL, Loxton NJ. Compulsive “grazing” and addictive
tendencies towards food. Eur Eat Disord Rev. 2018;26(6):569-573.
doi:10.1002/erv.2642

VanderBroek-Stice L, Stojek MK, Beach SR, VanDellen MR, MacKillop J.
Multidimensional assessment of impulsivity in relation to obesity and food
addiction. Appetite. 2017;112:59-68. doi:S0195-6663(16)30754-1 [pii]

Wolz |, Granero R, Fernandez-Aranda F. A comprehensive model of food
addiction in patients with binge-eating symptomatology: The essential role
of negative urgency. Compr Psychiatry. 2017;74:118-124. doi:S0010-
440X(16)30550-8 [pii]

Davis C, Curtis C, Levitan RD, Carter JC, Kaplan AS, Kennedy JL. Evidence that
“food addiction” is a valid phenotype of obesity. Appetite. 2011;57(3):711-
717. doi:10.1016/j.appet.2011.08.017

Ceccarini M, Manzoni GM, Castelnuovo G, Molinari E. An Evaluation of the
Italian Version of the Yale Food Addiction Scale in Obese Adult Inpatients
Engaged in a 1-Month-Weight-Loss Treatment. J Med Food.
2015;18(11):1281-1287. d0i:10.1089/jmf.2014.0188 [doi]

Pivarunas B, Conner BT. Impulsivity and emotion dysregulation as predictors
of food addiction. Eat Behav. 2015;19:9-14.
doi:10.1016/j.eatbeh.2015.06.007 [doi]

Wolz |, Hilker I, Granero R, et al. “Food Addiction” in Patients with Eating
Disorders is Associated with Negative Urgency and Difficulties to Focus on
Long-Term Goals. Front Psychol. 2016;7:61. doi:10.3389/fpsyg.2016.00061
[doi]

Rose MH, Nadler EP, Mackey ER. Impulse Control in Negative Mood States,
Emotional Eating, and Food Addiction are Associated with Lower Quality of
Life in Adolescents with Severe Obesity. J Pediatr Psychol. 2017.
doi:10.1093/jpepsy/jsx127 [doi]

Hardy R, Fani N, Jovanovic T, Michopoulos V. Food addiction and substance
addiction in women: Common clinical characteristics. Appetite.

2018;120:367-373. doi:10.1016/j.appet.2017.09.026

Gearhardt AN, White MA, Masheb RM, Grilo CM. An examination of food
addiction in a racially diverse sample of obese patients with binge eating

115



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

FOOD ADDICTION COMORBID TO MENTAL DISORDERS

disorder in primary care settings. Compr Psychiatry. 2013;54(5):500-505.
doi:10.1016/j.comppsych.2012.12.009 [doi]

Innamorati M, Imperatori C, Harnic D, et al. Emotion Regulation and
Mentalization in People at Risk for Food Addiction. Behav Med.
2015;43(1):21-30. doi:10.1080/08964289.2015.1036831 [doi]

Ouellette AS, Rodrigue C, Lemieux S, Tchernof A, Biertho L, Begin C. An
examination of the mechanisms and personality traits underlying food
addiction among individuals with severe obesity awaiting bariatric surgery.
Eat Weight Disord. 2017. doi:10.1007/s40519-017-0440-7 [doi]

Brunault P, Ducluzeau PH, Courtois R, et al. Food Addiction is Associated with
Higher Neuroticism, Lower Conscientiousness, Higher Impulsivity, but Lower
Extraversion in Obese Patient Candidates for Bariatric Surgery. Subst Use
Misuse. 2018;53(11):1919-1923. doi:10.1080/10826084.2018.1433212

Meule A, Kubler A. “Food cravings in food addiction: The distinct role of
positive reinforcement.” Eat Behav. 2012;13(3):252-255.
doi:http://dx.doi.org/10.1016/j.eatbeh.2012.07.008

Burmeister JM, Hinman N, Koball A, Hoffmann DA, Carels RA. Food addiction
in adults seeking weight loss treatment. Implications for psychosocial health
and weight loss. Appetite. 2013;60(1):103-110.
doi:10.1016/j.appet.2012.09.013 [doi]

MillerMatero LR, Armstrong R, McCulloch K, et al. To eat or not to eat; is that
really the question? An evaluation of problematic eating behaviors and
mental health among bariatric surgery candidates. Eat Weight Disord.
2014;19(3):377-382. d0i:10.1007/s40519-014-0118-3 [doi]

Pepino MY, Stein RI, Eagon JC, Klein S. Bariatric surgery-induced weight loss
causes remission of food addiction in extreme obesity. Obesity (Silver
Spring). 2014;22(8):1792-1798. d0i:10.1002/0by.20797 [doi]

Merlo U, Klingman C, Malasanos TH, Silverstein JH. Exploration of food
addiction in pediatric patients: A preliminary investigation. J Addict Med.
2009;3(1):26-32. doi:10.1097/ADM.0b013e31819638b0 [doi]

Rehm J, Gmel Sr GE, Gmel G, et al. The relationship between different
dimensions of alcohol use and the burden of disease—an update. Addiction.

2017;112(6):968-1001. doi:10.1111/add.13757

Stojek MM, Maples-Keller JL, Dixon HD, Umpierrez GE, Gillespie CF,

116



103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

REFERENCES

Michopoulos V. Associations of childhood trauma with food addiction and
insulin resistance in African-American women with diabetes mellitus.
Appetite. 2019;141:104317. doi:10.1016/j.appet.2019.104317

Imperatori C, Innamorati M, Lamis DA, et al. Childhood trauma in obese and
overweight women with food addiction and clinical-level of binge eating.
Child Abuse Negl. 2016;58:180-190. doi:10.1016/j.chiabu.2016.06.023 [doi]

Murray SM, Tweardy S, Geliebter A, Avena NM. A Longitudinal Preliminary
Study of Addiction-Like Responses to Food and Alcohol Consumption Among
Individuals Undergoing Weight Loss Surgery. Obes Surg. 2019;29(8):2700-
2703. d0i:10.1007/s11695-019-03915-3

Warren MW, Gold MS. The relationship between obesity and drug use [5].
Am J Psychiatry. 2007;164(8):1268. doi:10.1176/appi.ajp.2007.07030388

Ivezaj V, Wiedemann AA, Grilo CM. Food addiction and bariatric surgery: a
systematic review of the literature. Obes Rev. September 2017.
doi:10.1111/0br.12600 [doi]

Ziauddeen H, Fletcher PC. Is food addiction a valid and useful concept? Obes
Rev. 2013;14(1):19-28. d0i:10.1111/j.1467-789X.2012.01046.x [doi]

Ziauddeen H, Farooqi IS, Fletcher PC. Food addiction: Is there a baby in the
bathwater? Nat Rev Neurosci. 13(7):514.
doi:http://dx.doi.org/10.1038/nrn3212-c2

Fletcher PC, Kenny PJ. Food addiction: a wvalid concept?
Neuropsychopharmacology. 2018;43(13):2506-2513. doi:10.1038/s41386-
018-0203-9

Schulte E, Wadden T, Allison K. An evaluation of food addiction as a distinct
psychiatric disorder. Int J Eat Disord. July 2020. doi:10.1002/eat.23350

Mies GW, Treur JL, Larsen JK, Halberstadt J, Pasman JA, Vink JM. The
prevalence of food addiction in a large sample of adolescents and its
association with addictive substances. Appetite. 2017;118:97-105.
doi:10.1016/j.appet.2017.08.002

Aday LA, Cornelius L. Designing and Conducting Health Surveys: A
Comprehensive Guide. Third edit. Jossey-Bass, A Wiley Imprint; 2006.

Crews F, He J, Hodge C. Adolescent cortical development: a critical period of
vulnerability for addiction. Pharmacol Biochem Behav. 2007;86(2):189-199.

117



114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

FOOD ADDICTION COMORBID TO MENTAL DISORDERS

doi:10.1016/j.pbb.2006.12.001

Casey BJ, Jones RM. Neurobiology of the adolescent brain and behavior:
Implications for substance use disorders.J Am Acad Child Adolesc Psychiatry.
2010;49(12):1189-1201. doi:10.1016/j.jaac.2010.08.017

Steinberg L. A dual systems model of adolescent risk-taking. Dev Psychobiol.
2010;52(3):216-224. doi:10.1002/dev.20445

Grant BF, Dawson DA. Age of onset of drug use and its association with DSM-
IV drug abuse and dependence: Results from the national longitudinal
alcohol epidemiologic survey. J Subst Abuse. 1998;10(2):163-173.
doi:10.1016/50899-3289(99)80131-X

Parnarouskis L, Schulte EM, Lumeng JC, Gearhardt AN. Development of the
Highly Processed Food Withdrawal Scale for Children. Appetite.
2020;147:104553. doi:10.1016/j.appet.2019.104553

Gearhardt AN, Yokum S, Harris JL, Epstein LH, Lumeng JC. Neural response to
fast food commercials in adolescents predicts intake. Am J Clin Nutr. January
2020. doi:10.1093/ajcn/nqz305

Richmond RL, Roberto CA, Gearhardt AN. The association of addictive-like
eating with food intake in children. Appetite. 2017;117:82-90. doi:S0195-
6663(16)30823-6 [pii]

Rodrigue C, Gearhardt AN, Bégin C. Food Addiction in Adolescents:
Exploration of psychological symptoms and executive functioning difficulties
in a non-clinical sample. Appetite. 2019;141:104303.
doi:10.1016/j.appet.2019.05.034

Zhao Z, Ma Y, Han Y, et al. Psychosocial correlates of food addiction and its
association with quality of life in a non-clinical adolescent sample. Nutrients.
2018;10(7). doi:10.3390/nu10070837

Drake RE, Brunette MF. Complications of severe mental iliness related to
alcohol and drug use disorders. Recent Dev Alcohol. 1998;14:285-299.
doi:10.1007/0-306-47148-5_12

Buckley PF, Brown ES. Prevalence and consequences of dual diagnosis. J Clin
Psychiatry. 2006;67(7):e01. doi:10.4088/JCP.0706e01

Jorgensen KB, Nordentoft M, Hjorthoj C. Association between alcohol and
substance use disorders and psychiatric service use in patients with severe

118



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

REFERENCES

mental illness: A nationwide Danish register-based cohort study. Psychol
Med. 2018;48(15):2592-2600. doi:10.1017/50033291718000223

Lopresti AL, Drummond PD. Obesity and psychiatric disorders:
Commonalities in dysregulated biological pathways and their implications
for treatment. Prog Neuro-Psychopharmacology Biol Psychiatry. 2013;45:92-
99. doi:https://doi.org/10.1016/j.pnpbp.2013.05.005

Weiss F, Barbuti M, Carignani G, et al. Psychiatric Aspects of Obesity: A
Narrative Review of Pathophysiology and Psychopathology. J Clin Med.
2020;9(8):2344. doi:10.3390/jcm9082344

Speed MS, Jefsen OH, Bgrglum AD, Speed D, @stergaard SD. Investigating the
association between body fat and depression via Mendelian randomization.
Transl Psychiatry. 2019;9(1):184. doi:10.1038/s41398-019-0516-4

Mansur RB, Brietzke E, Mcintyre RS. Is there a “metabolic-mood syndrome”?
A review of the relationship between obesity and mood disorders. Neurosci
Biobehav Rev. 2015;52:89-104. doi:10.1016/j.neubiorev.2014.12.017

Stein DJ, Benjet C, Gureje O, et al. Integrating mental health with other non-
communicable diseases. BMJ. 2019;364:1295. doi:10.1136/bmj.I1295

World Health Organization. Noncommunicable diseases country profiles
2018. https://www.who.int/nmh/publications/ncd-profiles-2018/en/.
Published 2018. Accessed September 24, 2020.

Burrows T, Kay-Lambkin F, Pursey K, Skinner J, Dayas C. Food addiction and
associations with mental health symptoms: a systematic review with meta-
analysis. J Hum Nutr Diet. 2018;31(4):544-572. d0i:10.1111/jhn.12532

Tang CS, Gan Y, Ko J, et al. The associations among emotional factors,
personality traits, and addiction-like eating: A study on university students in
six Asian countries/regions. Int J Eat Disord. May 2020.
doi:10.1002/eat.23298

Mills JG, Thomas SJ, Larkin TA, Pai NB, Deng C. Problematic eating
behaviours, changes in appetite, and weight gain in Major Depressive
Disorder: The role of leptin. J Affect Disord. 2018;240:137-145.
doi:10.1016/j.jad.2018.07.069

Borisenkov MF, Popov SV, Tserne TA, et al. Food addiction and symptoms of

depression among inhabitants of the European North of Russia: Associations
with sleep characteristics and photoperiod. Eur Eat Disord Rev.

119



135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

FOOD ADDICTION COMORBID TO MENTAL DISORDERS

2020;28(3):332-342. d0i:10.1002/erv.2728

Romero X, Agliera Z, Granero R, et al. Is food addiction a predictor of
treatment outcome among patients with eating disorder? Eur Eat Disord Rev.
2019;27(6):700-711. doi:10.1002/erv.2705

Hilker 1, Sanchez |, Steward T, et al. Food Addiction in Bulimia Nervosa:
Clinical Correlates and Association with Response to a Brief
Psychoeducational Intervention. Eur Eat Disord Rev. 2016;24(6):482-488.
doi:10.1002/erv.2473 [doi]

Granero R, Jimenez-Murcia S, Gearhardt AN, et al. Validation of the Spanish
Version of the Yale Food Addiction Scale 2.0 (YFAS 2.0) and Clinical Correlates
in a Sample of Eating Disorder, Gambling Disorder, and Healthy Control
Participants. Front psychiatry. 2018;9:208. doi:10.3389/fpsyt.2018.00208

Jiménez-Murcia S, Agliera Z, Paslakis G, et al. Food Addiction in Eating
Disorders and Obesity: Analysis of Clusters and Implications for Treatment.
Nutrients. 2019;11(11). doi:10.3390/nu11112633

Gearhardt AN, White MA, Masheb RM, Morgan PT, Crosby RD, Grilo CM. An
examination of the food addiction construct in obese patients with binge
eating disorder. Int J Eat Disord. 2012;45(5):657-663. doi:10.1002/eat.20957
[doi]

Davis C. Compulsive Overeating as an Addictive Behavior: Overlap Between
Food Addiction and Binge Eating Disorder. Curr Obes Rep. 2013;2(2):171-
178. doi:http://dx.doi.org/10.1007/s13679-013-0049-8

Imperatori C, Innamorati M, Contardi A, et al. The association among food
addiction, binge eating severity and psychopathology in obese and
overweight patients attending low-energy-diet therapy. Compr Psychiatry.
2014;55(6):1358-1362. doi:10.1016/j.comppsych.2014.04.023 [doi]

Schulte EM, Grilo CM, Gearhardt AN. Shared and unique mechanisms
underlying binge eating disorder and addictive disorders. Clin Psychol Rev.
2016;44:125-139. d0i:10.1016/j.cpr.2016.02.001 [doi]

Treasure J, Leslie M, Chami R, Fernandez-Aranda F. Are trans diagnostic
models of eating disorders fit for purpose? A consideration of the evidence
for food addiction. Eur Eat Disord Rev. 2018;26(2):83-91.
doi:10.1002/erv.2578

Brunault P, Frammery J, Montaudon P, et al. Adulthood and childhood ADHD

120



145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

REFERENCES

in patients consulting for obesity is associated with food addiction and binge
eating, but not sleep apnea syndrome. Appetite. 2019;136:25-32.
doi:10.1016/j.appet.2019.01.013

Romo L, Ladner J, Kotbagi G, et al. Attention-deficit hyperactivity disorder
and addictions (substance and behavioral): Prevalence and characteristics in
a multicenter study in France. J Behav Addict. 2018;7(3):743-751.
doi:10.1556/2006.7.2018.58

Mitchell KS, Wolf EJ. PTSD, food addiction, and disordered eating in a sample
of primarily older veterans: The mediating role of emotion regulation.
Psychiatry Res. 2016;243:23-29. doi:10.1016/j.psychres.2016.06.013 [doi]

Mason SM, Flint AJ, Roberts AL, Agnew-Blais J, Koenen KC, Rich-Edwards JW.
Posttraumatic stress disorder symptoms and food addiction in women by
timing and type of trauma exposure. JAMA psychiatry. 2014;71(11):1271-
1278. doi:10.1001/jamapsychiatry.2014.1208

Goluza |, Borchard J, Kiarie E, Mullan J, Pai N. Exploration of food addiction
in people living with schizophrenia. Asian J Psychiatr. 2017;27:81-84.
doi:51876-2018(16)30551-2

Kucukerdonmez O, Urhan M, Altin M, Haciraifoglu O, Yildiz B. Assessment of
the relationship between food addiction and nutritional status in
schizophrenic patients. Nutr Neurosci. 2019;22(6):392-400.
doi:10.1080/1028415X.2017.1392429

Teasdale SB, Burrows TL, Hayes T, et al. Dietary intake, food addiction and
nutrition knowledge in young people with mental illness. Nutr Diet. June
2019. doi:10.1111/1747-0080.12550

Erlangsen A, Fedyszyn I. Danish nationwide registers for public health and
health-related research. Scand J Public Health. 2015;43(4):333-339.
doi:10.1177/1403494815575193

Horsager C, @stergaard SD, Lauritsen MB. The Food Addiction Denmark
(FADK) Project: A combined survey- And register-based study. Acta
Neuropsychiatr. 2019;31(6):325-336. d0i:10.1017/neu.2019.34
Munk-Jgrgensen P, @stergaard SD. Register-based studies of mental
disorders. Scand J Public Health. 2011;39(7):170-174.
doi:10.1177/1403494810390728

Thygesen LC, Daasnes C, Thaulow I, Brgnnum-Hansen H, Bronnum-Hansen

121



155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

FOOD ADDICTION COMORBID TO MENTAL DISORDERS

H. Introduction to Danish (nationwide) registers on health and social issues:
structure, access, legislation, and archiving. Scand J Public Health. 2011;39(7
Suppl):12-16. d0i:10.1177/1403494811399956

Schmidt M, Pedersen L, Sgrensen HT. The Danish Civil Registration System as
a tool in epidemiology. Eur J Epidemiol. 2014;29(8):541-549.
doi:10.1007/510654-014-9930-3

Mors O, Perto GP, Mortensen PB. The Danish Psychiatric Central Research
Register. Scand J Public Health. 2011;39(7):54-57.
doi:10.1177/1403494810395825

The Agency for Digitisation M of FD. Mandatory Digital Post from public
authorities, eBoks. https://en.digst.dk/policy-and-strategy/mandatory-
digitisation/digital-post/. Published 2020. Accessed May 1, 2020.

Rambgll.  SurveyXact. https://www.surveyxact.dk/. Published 2018.
Accessed February 4, 2019.

Sartorius N, Kuyken W. Translation of Health Status Instruments. In: Quality
of Life Assessment: International Perspectives. Berlin Heidelberg: Springer
Berlin Heidelberg; 1994:3-18. d0i:10.1007/978-3-642-79123-9_1

The World Health Organization (WHO). Process of translation and adaptation
of instruments.
https://www.who.int/substance_abuse/research_tools/translation/en/.
Accessed September 16, 2020.

Topp CW, @stergaard SD, Sgndergaard S, Bech P. The WHO-5 Well-Being
Index: a systematic review of the literature. Psychother Psychosom.
2015;84(3):167-176. d0i:10.1159/000376585

Carrozzino D, Vassend O, Bjgrndal F, Pignolo C, Olsen LR, Bech P. A clinimetric
analysis of the Hopkins Symptom Checklist (SCL-90-R) in general population
studies (Denmark, Norway, and Italy). Nord J Psychiatry. 2016;70(5):374-379.
doi:10.3109/08039488.2016.1155235

Mond JM, Hay PJ, Rodgers B, Owen C, Beumont PJ. Validity of the Eating
Disorder Examination Questionnaire (EDE-Q) in screening for eating
disorders in community samples. Behav Res Ther. 2004;42(5):551-567.
doi:10.1016/S0005-7967(03)00161-X

Reinert DF, Allen JP. The alcohol use disorders identification test: an update
of research findings. Alcohol Clin Exp Res. 2007;31(2):185-199.

122



165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

REFERENCES

doi:10.1111/j.1530-0277.2006.00295.x

Butte NF, Garza C, de Onis M. Evaluation of the feasibility of international
growth standards for school-aged children and adolescents. J Nutr.
2007;137(1):153-157. d0i:10.1093/jn/137.1.153

World Health Organization Geneva. Growth reference 5-19 years - BMI for
age. https://www.who.int/growthref/who2007_bmi_for_age/en/.
Published 2007. Accessed February 3, 2020.

Cao W, Tsiatis AA, Davidian M. Improving efficiency and robustness of the
doubly robust estimator for a population mean with incomplete data.
Biometrika. 2009;96(3):723-734. doi:10.1093/biomet/asp033

N. Glynn A, Quinn K. An Introduction to the Augmented Inverse Propensity
Weighted Estimator. Polit Anal. 2010;18. doi:10.1093/pan/mpp036

Pedersen AB, Mikkelsen EM, Cronin-Fenton D, et al. Missing data and
multiple imputation in clinical epidemiological research. Clin Epidemiol.
2017;9:157-166. doi:10.2147/CLEP.S129785

Donders ART, Heijden GIMG van der, Stijnen T, Moons KGM. Review: A
gentle introduction to imputation of missing values. J Clin Epidemiol.
2006;59(10):1087-1091. d0i:10.1016/j.jclinepi.2006.01.014

Hayduk L, Cummings G, Boadu K, Pazderka-Robinson H, Boulianne S. Testing!
testing! one, two, three — Testing the theory in structural equation models!
Pers Individ Dif. 2007;42(5):841-850.
doi:https://doi.org/10.1016/j.paid.2006.10.001

Barrett P. Structural equation modelling: Adjudging model fit. Pers Individ
Dif. 2007;42(5):815-824. doi:10.1016/j.paid.2006.09.018

Kuder GF, Richardson MW. The theory of the estimation of test reliability.
Psychometrika. 1937;2(3):151-160. doi:10.1007/BF02288391

Li C-H. Confirmatory factor analysis with ordinal data: Comparing robust
maximum likelihood and diagonally weighted least squares. Behav Res

Methods. 2016;48(3):936-949. doi:10.3758/513428-015-0619-7

Kline RB. Principles and Practice of Structural Equation Modeling. Fourth edi.
New York, NY, US: Guilford publications; 2015.

Hu LT, Bentler PM. Cutoff criteria for fit indexes in covariance structure

123



177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

FOOD ADDICTION COMORBID TO MENTAL DISORDERS

analysis: Conventional criteria versus new alternatives. Struct Equ Model.
1999;6(1):1-55. doi:10.1080/10705519909540118

Streiner DL. Starting at the beginning: An introduction to coefficient alpha
and internal consistency. J Pers Assess. 2003;80(1):99-103.
doi:10.1207/515327752JPA8001_18

Kelley K, Preacher KJ. On effect size. Psychol Methods. 2012;17(2):137-152.
doi:10.1037/a0028086

Cohen J. Statistical Power Analysis for the Behavioral Sciences. Second Edi.
New York, NY, US: Lawrence Erlbaum Associates; 1988.

Richardson JTE. Eta squared and partial eta squared as measures of effect
size in educational research. Educ Res Rev. 2011;6(2):135-147.
doi:10.1016/j.edurev.2010.12.001

Cohen J. Eta-squared and partial eta-squared in fixed factor anova designs.
Educ Psychol Meas. 1973;33(1):107-112. doi:10.1177/001316447303300111

Hernan MA, Robins JM. Estimating causal effects from epidemiological data.
J Epidemiol Community Health. 2006;60(7):578-586.
doi:10.1136/jech.2004.029496

Rothman KJ, Greenland S, Lash TL. Modern Epidemiology. Third Edit.
(Seigafuse S, Bierig L, eds.). Philadelphia, PA, US: Wolters Kluwer, Lippincott
Williams & Wilkins; 2008.

Groves RM. Nonresponse rates and nonresponse bias in household surveys.
Public Opin Q. 2006;70(5):646-675.

Mclaren L. Socioeconomic Status and Obesity. Epidemiol Rev. 2007;29(1):29-
48. doi:10.1093/epirev/mxm001

Wang Y. Cross-national comparison of childhood obesity: the epidemic and
the relationship between obesity and socioeconomic status. Int J Epidemiol.
2001;30(5):1129-1136. doi:10.1093/ije/30.5.1129

The Danish National Committee on Health Research Ethics. Act on Research
Ethics Review of Health Research Projects. https://en.nvk.dk/rules-and-
guidelines/act-on-research-ethics-review-of-health-research-projects.

Published 2018. Accessed September 16, 2020.

von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC, Vandenbroucke JP.

124



189.

190.

191.

192.

193.

194.

195.

196.

197.

REFERENCES

The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) Statement: Guidelines for reporting observational studies. Int J
Surg. 2014;12(12):1495-1499.
doi:https://doi.org/10.1016/j.ijsu.2014.07.013

Horsager C, Faerk E, Lauritsen MB, @stergaard SD. Validation of the Yale Food
Addiction Scale 2.0 and estimation of the population prevalence of food
addiction. Clin Nutr. 2020;39(9):2917-2928.
doi:https://doi.org/10.1016/j.cInu.2019.12.030.

Khine MT, Ota A, Gearhardt AN, et al. Validation of the japanese version of
the yale food addiction scale 2.0 (J-YFAS 2.0). Nutrients. 2019;11(3).
d0i:10.3390/nu11030687

Manzoni GM, Rossi A, Pietrabissa G, et al. Structural validity, measurement
invariance, reliability and diagnostic accuracy of the Italian version of the
Yale Food Addiction Scale 2.0 in patients with severe obesity and the general
population. Eat Weight Disord. February 2020. doi:10.1007/s40519-020-
00858-y

Nantha YS, Kalasivan A, Ponnusamy Pillai M, et al. The validation of the Malay
Yale Food Addiction Scale 2.0: Factor structure, item analysis and model fit.
Public Health Nutr. 2020;23(3):402-409. doi:10.1017/51368980019002684

Hauck C, Cook B, Ellrott T. Food addiction, eating addiction and eating
disorders. Proc Nutr Soc. 2019:1-10. doi:10.1017/50029665119001162

Carter JC, Van Wijk M, Rowsell M. Symptoms of ‘food addiction’ in binge
eating disorder using the Yale Food Addiction Scale version 2.0. Appetite.
2019;133:362-369. doi:10.1016/j.appet.2018.11.032

Price M, Higgs S, Lee M. Self-reported eating traits: Underlying components
of food responsivity and dietary restriction are positively related to BMI.
Appetite. 2015;95:203-210.
doi:http://dx.doi.org/10.1016/j.appet.2015.07.006

Verdejo-Garcia A, Lawrence AJ, Clark L. Impulsivity as a vulnerability marker
for substance-use disorders: Review of findings from high-risk research,
problem gamblers and genetic association studies. Neurosci Biobehav Rev.
2008;32(4):777-810. doi:10.1016/j.neubiorev.2007.11.003

Grant BF. Age at smoking onset and its association with alcohol consumption

and DSM-IV alcohol abuse and dependence: Results from the national
longitudinal alcohol epidemiologic survey. J Subst Abuse. 1998;10(1):59-73.

125



198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

FOOD ADDICTION COMORBID TO MENTAL DISORDERS

doi:10.1016/50899-3289(99)80141-2

Schaumberg K, Welch E, Breithaupt L, et al. The Science Behind the Academy
for Eating Disorders’ Nine Truths About Eating Disorders. Eur Eat Disord Rev.
2017;25(6):432-450. doi:10.1002/erv.2553

Bentley RA, Ormerod P, Ruck DJ. Recent origin and evolution of obesity-
income correlation across the United States. Palgrave Commun.
2018;4(1):146. d0i:10.1057/s41599-018-0201-x

Hruschka DJ. Do economic constraints on food choice make people fat? A
critical review of two hypotheses for the poverty-obesity paradox. AmJ Hum
Biol. 2012;24(3):277-285. d0i:10.1002/ajhb.22231

Salmasi L, Celidoni M. Investigating the poverty-obesity paradox in Europe.
Econ Hum Biol. 2017;26:70-85. doi:10.1016/j.ehb.2017.02.005

World Health Organization Geneva. Global estimates of overweight and
obesity. https://www.who.int/gho/ncd/risk_factors/overweight/en/.
Accessed September 19, 2019.

Centers for Disease Control and Prevention. U.S. Department of Health &
Human Services. CDCs Adult Obesity Facts.
https://www.cdc.gov/obesity/data/adult.html. Published 2020. Accessed
July 6, 2020.

Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of Obesity Among
Adults and Youth: United States, 2015-2016. NCHS Data Brief. 2017;No. 288.
https://www.cdc.gov/nchs/data/databriefs/db288.pdf.

Danish Health  Authority. Forebyggelsespakke  —  Overveegt.
https://www.sst.dk/-
/media/Udgivelser/2018/Forebyggelsespakker/Overvaegt.ashx?la=da&hash
=F191DE073B818B27B87236507E3B4011B95580DA. Published 2018.
Accessed September 24, 2020.

Danish Health Authority. Danskernes Sundhed - Den Nationale
Sundhedsprofil 2017. https://www.sst.dk/-/media/Udgivelser/2018/Den-
Nationale-Sundhedsprofil-
2017.ashx?la=da&hash=421C482AEDC718D3B4846FC5E2BOEED2725AF517
. Published 2017. Accessed September 24, 2020.

Ferstl R, Knolle-Veentjer S, Huth V, Ferstl R. Delay of gratification and
executive performance in individuals with schizophrenia: putative role for

126



208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

REFERENCES

eating behavior and body weight regulation. J Psychiatr Res. 2008;42(2):98-
105. doi:10.1016/j.jpsychires.2006.10.003

Vancampfort D, Firth J, Schuch FB, et al. Sedentary behavior and physical
activity levels in people with schizophrenia, bipolar disorder and major
depressive disorder: a global systematic review and meta-analysis. World
Psychiatry. 2017;16(3):308-315. doi:10.1002/wps.20458

Teasdale SB, Ward PB, Samaras K, et al. Dietary intake of people with severe
mental illness: systematic review and meta-analysis. Br J Psychiatry.
2019;214(5):251-259. doi:DOI: 10.1192/bjp.2019.20

Manu P, Dima L, Shulman M, Vancampfort D, De Hert M, Correll CU. Weight
gain and obesity in schizophrenia: epidemiology, pathobiology, and
management. Acta Psychiatr Scand. 2015;132(2):97-108.
doi:10.1111/acps.12445

Volkow ND. Substance Use Disorders in Schizophrenia—Clinical Implications
of Comorbidity. Schizophr Bull. 2009;35(3):469-472.
doi:10.1093/schbul/sbp016

Fountaine RJ, Taylor AE, Mancuso JP, et al. Increased food intake and energy
expenditure following administration of olanzapine to healthy men. Obesity
(Silver Spring). 2010;18(8):1646-1651. doi:10.1038/0by.2010.6

Mathews J, Newcomer JW, Mathews JR, et al. Neural correlates of weight
gain with olanzapine. Arch Gen Psychiatry. 2012;69(12):1226-1237.
doi:10.1001/archgenpsychiatry.2012.934

Milaneschi Y, Simmons WK, van Rossum EFC, Penninx BW. Depression and
obesity: evidence of shared biological mechanisms. Mol Psychiatry.
2019;24(1):18-33. d0i:10.1038/s41380-018-0017-5

Luppino FS, De Wit LM, Bouvy PF, et al. Overweight, obesity, and depression:
A systematic review and meta-analysis of longitudinal studies. Arch Gen
Psychiatry. 2010;67(3):220-229. doi:10.1001/archgenpsychiatry.2010.2

Mannan M, Mamun A, Doi S, Clavarino A. Is there a bi-directional
relationship between depression and obesity among adult men and women?
Systematic review and bias-adjusted meta analysis. Asian J Psychiatr.
2016;21:51-66. doi:10.1016/j.ajp.2015.12.008

TyrrellJ, Mulugeta A, Wood AR, et al. Using genetics to understand the causal
influence of higher BMI on depression. Int J Epidemiol. 2018;48(3):834-848.

127



218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

FOOD ADDICTION COMORBID TO MENTAL DISORDERS

doi:10.1093/ije/dyy223

Wray NR, Ripke S, Mattheisen M, et al. Genome-wide association analyses
identify 44 risk variants and refine the genetic architecture of major
depression. Nat Genet. 2018;50(5):668-681. doi:10.1038/s41588-018-0090-
3

Patist CM, Stapelberg NJC, Du Toit EF, Headrick JP. The brain-adipocyte-gut
network: Linking obesity and depression subtypes. Cogn Affect Behav
Neurosci. 2018;18(6):1121-1144. doi:10.3758/s13415-018-0626-0

Mills JG, Thomas SJ, Larkin TA, Deng C. Overeating and food addiction in
Major Depressive Disorder: Links to peripheral dopamine. Appetite.
2020;148:104586. doi:10.1016/j.appet.2020.104586

Halbreich U, Kahn LS. Atypical depression, somatic depression and anxious
depression in women: Are they gender-preferred phenotypes? J Affect
Disord. 2007;102(1):245-258. doi:https://doi.org/10.1016/j.jad.2006.09.023

Mills JG, Larkin TA, Deng C, Thomas SJ. Weight gain in Major Depressive
Disorder: Linking appetite and disordered eating to leptin and ghrelin.
Psychiatry Res. 2019;279:244-251. doi:10.1016/j.psychres.2019.03.017

Piccinni A, Marazziti D, Cargioli C, Mauri M, Stallone T. Food addiction: Is it a
nosological category or a psychopathological dimension? Preliminary results
of an Italian study. Horm Mol Biol Clin Investig. 2018;36(1).
doi:10.1515/hmbci-2018-0021

Levin FR, Hennessy G. Bipolar disorder and substance abuse. Biol Psychiatry.
2004;56(10):738-748. doi:10.1016/j.biopsych.2004.05.008

Swann AC. The Strong relationship between bipolar and substance-use
disorder: Mechanisms and treatment implications. Ann N Y Acad Sci.
2010;1187:276-293. d0i:10.1111/j.1749-6632.2009.05146.x

McElroy SL, Keck PE. Obesity in Bipolar Disorder: An Overview. Curr
Psychiatry Rep. 2012;14(6):650-658. d0i:10.1007/s11920-012-0313-8

Goldstein BI, Liu S-M, Zivkovic N, Schaffer A, Chien L-C, Blanco C. The burden
of obesity among adults with bipolar disorder in the United States. Bipolar

Disord. 2011;13(4):387-395. d0i:10.1111/j.1399-5618.2011.00932.x

Maina G, Salvi V, Vitalucci A, D’Ambrosio V, Bogetto F. Prevalence and
correlates of overweight in drug-naive patients with bipolar disorder. J Affect

128



229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

REFERENCES

Disord. 2008;110(1):149-155. doi:https://doi.org/10.1016/j.jad.2007.12.233

Pasche S. Exploring the Comorbidity of Anxiety and Substance Use Disorders.
Curr Psychiatry Rep. 2012;14(3):176-181. doi:10.1007/s11920-012-0264-0

Raymond KL, Lovell GP. Food addiction associations with psychological
distress among people with type 2 diabetes. J Diabetes Complications.
2016;30(4):651-656. d0i:10.1016/j.jdiacomp.2016.01.020 [doi]

Raymond KL, Kannis-Dymand L, Lovell GP. A graduated food addiction
classifications approach significantly differentiates depression, anxiety and
stress among people with type 2 diabetes. Diabetes Res Clin Pract.
2017;132:95-101. doi:10.1016/j.diabres.2017.07.028

Rodrigue C, Ouellette AS, Lemieux S, Tchernof A, Biertho L, Bégin C. Executive
functioning and psychological symptoms in food addiction: a study among
individuals with severe obesity. Eat Weight Disord. 2018;23(4):469-478.
doi:10.1007/s40519-018-0530-1

Mancebo MC, Grant JE, Pinto A, Eisen JL, Rasmussen SA. Substance use
disorders in an obsessive compulsive disorder clinical sample. J Anxiety
Disord. 2009;23(4):429-435. d0i:10.1016/j.janxdis.2008.08.008

da Luz FQ, Hay P, Touyz S, Sainsbury A. Obesity with comorbid eating
disorders: Associated health risks and treatment approaches. Nutrients.
2018;10(7):829. doi:10.3390/nu10070829

Meule A, Von Rezori V, Blechert J. Food addiction and bulimia nervosa. Eur
Eat Disord Rev. 2014;22(5):331-337. d0i:10.1002/erv.2306

Carr KD. Chronic food restriction: Enhancing effects on drug reward and
striatal cell signaling. Physiol Behav. 2007;91(5):459-472.
doi:https://doi.org/10.1016/j.physbeh.2006.09.021

Albayrak O, Focker M, Kliewer J, et al. Eating-related Psychopathology and
Food Addiction in Adolescent Psychiatric Inpatients. Eur Eat Disord Rev.
2017;25(3):214-220. doi:10.1002/erv.2509 [doi]

Peters T, Antel J, Focker M, et al. The association of serum leptin levels with
food addiction is moderated by weight status in adolescent psychiatric

inpatients. Eur Eat Disord Rev. 2018;26(6):618-628. doi:10.1002/erv.2637

Cinelli G, Bifone C, Criscuolo M, et al. Food addiction in a group of Italian
adolescents diagnosed for eating disorder. Nutrients. 2020;12(5):1524.

129



240.

241.

242.

243.

244,

245,

246.

247.

248.

249.

FOOD ADDICTION COMORBID TO MENTAL DISORDERS

doi:10.3390/nu12051524

Tozzi F, Thornton LM, Klump KL, et al. Symptom Fluctuation in Eating
Disorders: Correlates of Diagnostic Crossover. Am J Psychiatry.
2005;162(4):732-740. doi:10.1176/appi.ajp.162.4.732

Milos G, Spindler A, Schnyder U, Fairburn CG. Instability of eating disorder
diagnoses: prospective study. BrJ Psychiatry. 2005;187(6):573-578. doi:DOI:
10.1192/bjp.187.6.573

Brewerton TD. Food addiction as a proxy for eating disorder and obesity
severity, trauma history, PTSD symptoms, and comorbidity. Eat Weight
Disord. 2017;22(2):241-247. d0i:10.1007/s40519-016-0355-8 [doi]

Wiss DA, Brewerton TD. Incorporating food addiction into disordered eating:
the disordered eating food addiction nutrition guide (DEFANG). Eat Weight
Disord. 2017;22(1):49-59. d0i:10.1007/s40519-016-0344-y [doi]

Trull TJ, Sher KJ, Minks-Brown C, Durbin J, Burr R. Borderline personality
disorder and substance use disorders: a review and integration. Clin Psychol
Rev. 2000;20(2):235-253. doi:10.1016/S0272-7358(99)00028-8

Gerlach G, Loeber S, Herpertz S. Personality disorders and obesity: a
systematic review. Obes Rev. 2016;17(8):691-723. doi:10.1111/0br.12415

Sansone RA, Wiederman MW, Monteith D. Obesity, borderline personality
symptomatology, and body image among women in a psychiatric outpatient
setting. Int J Eat Disord. 2001;29(1):76-79. doi:10.1002/1098-
108X(200101)29:1<76::AID-EAT12>3.0.C0O;2-0

Trull TJ, Freeman LK, Vebares TJ, Choate AM, Helle AC, Wycoff AM.
Borderline personality disorder and substance use disorders: an updated
review. Borderline Personal Disord Emot Dysregulation. 2018;5(1):15.
doi:10.1186/540479-018-0093-9

Carlson L, Steward T, Agliera Z, et al. Associations of food addiction and
nonsuicidal self-injury among women with an eating disorder: A common
strategy for regulating emotions? Eur Eat Disord Rev. 2018;26(6):629-637.
doi:10.1002/erv.2646

Santosh PJ, Mijovic A. Does pervasive developmental disorder protect

children and adolescents against drug and alcohol use? Eur Child Adolesc
Psychiatry. 2006;15(4):183-188. doi:10.1007/s00787-005-0517-0

130



250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

REFERENCES

Phillips KL, Schieve LA, Visser S, et al. Prevalence and impact of unhealthy
weight in a national sample of US adolescents with autism and other learning
and behavioral disabilities. Matern Child Health J. 2014;18(8):1964-1975.
doi:10.1007/510995-014-1442-y

Treasure J, Duarte TA, Schmidt U. Eating disorders. Lancet.
2020;395(10227):899-911. doi:10.1016/50140-6736(20)30059-3

Han¢ T, Cortese S. Attention deficit/hyperactivity-disorder and obesity: A
review and model of current hypotheses explaining their comorbidity.
Neurosci Biobehav Rev. 2018;92:16-28.
doi:10.1016/j.neubiorev.2018.05.017

van Emmerik-van Oortmerssen K, van de Glind G, van den Brink W, et al.
Prevalence of attention-deficit hyperactivity disorder in substance use
disorder patients: A meta-analysis and meta-regression analysis. Drug
Alcohol Depend. 2012;122(1-2):11-19.
doi:10.1016/j.drugalcdep.2011.12.007

Davis C, Cohen A, Davids M, Rabindranath A. Attention-deficit/hyperactivity
disorder in relation to addictive behaviors: a moderated-mediation analysis
of personality-risk factors and sex. Front psychiatry. 2015;6:47.
doi:10.3389/fpsyt.2015.00047

Ottosen C, Petersen L, Larsen JT, Dalsgaard S. Gender differences in
associations between attention-deficit/hyperactivity disorder and substance
use disorder. J Am Acad Child Adolesc Psychiatry. 2016;55(3):227-234.
doi:10.1016/j.jaac.2015.12.010

Willcutt EG. The Prevalence of DSM-IV Attention-Deficit/Hyperactivity
Disorder: A Meta-Analytic Review. Neurotherapeutics. 2012;9(3):490-499.
doi:10.1007/s13311-012-0135-8

Posner J, Polanczyk G V, Sonuga-Barke E. Attention-deficit hyperactivity
disorder. Lancet. 2020;395(10222):450-462. doi:10.1016/S0140-
6736(19)33004-1

Poulton AS, Hibbert EJ, Champion BL, Nanan RKH. Stimulants for the control
of hedonic appetite. Front Pharmacol. 2016;7(105).
doi:http://dx.doi.org/10.3389/fphar.2016.00105

Pedersen MU, Frederiksen K. Unge der misbruger rusmidler - hvor mange,

behov, behandling, stofforbrug efter behandling -
http://pure.au.dk/portal/files/52649019/Unge_der_misbruger_rusmidler.p

131



260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

FOOD ADDICTION COMORBID TO MENTAL DISORDERS

df. Published 2012. Accessed September 18, 2020.

Fowler L, Ivezaj V, Saules KK. Problematic intake of high-sugar/low-fat and
high glycemic index foods by bariatric patients is associated with
development of post-surgical new onset substance use disorders. Eat Behav.
2014;15(3):505-508. doi:10.1016/j.eatbeh.2014.06.009 [doi]

Benzerouk F, Gierski F, Ducluzeau PH, et al. Food addiction, in obese patients
seeking bariatric surgery, is associated with higher prevalence of current
mood and anxiety disorders and past mood disorders. Psychiatry Res.
2018;267:473-479. doi:10.1016/j.psychres.2018.05.087

Canan F, Karaca S, Sogucak S, Gecici O, Kuloglu M. Eating disorders and food
addiction in men with heroin use disorder: a controlled study. Eat Weight
Disord. 2017;22(2):249-257. doi:10.1007/s40519-017-0378-9 [doi]

Kroll DS, Feldman DE, Biesecker CL, et al. Neuroimaging of Sex/Gender
Differences in Obesity: A Review of Structure, Function, and
Neurotransmission. Nutrients. 2020;12(7).

Becker JB, Hu M. Sex differences in drug abuse. Front Neuroendocrinol.
2008;29(1):36-47. doi:10.1016/j.yfrne.2007.07.003

Finlayson G. Food addiction and obesity: unnecessary medicalization of
hedonic  overeating. Nat Rev  Endocrinol. 2017;13(8):493-498.
doi:10.1038/nrendo.2017.61

Hebebrand J, Albayrak O, Adan R, et al. “Eating addiction”, rather than “food
addiction”, better captures addictive-like eating behavior. Neurosci Biobehav
Rev. 2014;47:295-306. d0i:10.1016/j.neubiorev.2014.08.016 [doi]

Davis C. From passive overeating to “food addiction”: a spectrum of
compulsion and severity. ISRN Obes. 2013;2013:435027.
doi:10.1155/2013/435027 [doi]

Kendell R, Jablensky A. Distinguishing between the validity and utility of
psychiatric diagnoses. Am J Psychiatry. 2003;160(1):4-12.
doi:10.1176/appi.ajp.160.1.4 [doi]

Robins E, Guze SB. Establishment of diagnostic validity in psychiatric illness:
its application to schizophrenia. Am J Psychiatry. 1970;126(7):983-987.
doi:10.1176/ajp.126.7.983

Tolonen H, Helakorpi S, Talala K, Helasoja V, Martelin T, Prattala R. 25-Year

132



271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

REFERENCES

trends and socio-demographic differences in response rates: Finnish adult
health behaviour survey. Eur J Epidemiol. 2006;21(6):409-415.
doi:10.1007/510654-006-9019-8

Galea S, Tracy M. Participation Rates in Epidemiologic Studies. Ann
Epidemiol. 2007;17(9):643-653.
doi:https://doi.org/10.1016/j.annepidem.2007.03.013

Edwards PJ, Roberts I, Clarke MJ, et al. Methods to increase response to
postal and electronic questionnaires. Cochrane Database Syst Rev.
2009;(3):MR000008. doi:10.1002/14651858.MR0O00008.pub4

Fairburn CG, Beglin SJ. Assessment of eating disorders: Interview or self-
report questionnaire? Int J Eat Disord. 1994;16(4):363-370.
doi:10.1002/1098-108X(199412)16:4<363::AID-EAT2260160405>3.0.CO;2-#

Eaton WW, Neufeld K, Chen L-S, Cai G. A Comparison of Self-report and
Clinical Diagnostic Interviews for Depression: Diagnostic Interview Schedule
and Schedules for Clinical Assessment in Neuropsychiatry in the Baltimore
Epidemiologic Catchment Area Follow-up. Arch Gen Psychiatry.
2000;57(3):217-222. doi:10.1001/archpsyc.57.3.217

Stommel M, Schoenborn CA. Accuracy and usefulness of BMI measures
based on self-reported weight and height: Findings from the NHANES & NHIS
2001-2006. BMC Public Health. 2009;9:421. doi:10.1186/1471-2458-9-421

Pursey K, Burrows TL, Stanwell P, Collins CE. How accurate is web-based self-
reported height, weight, and body mass index in young adults. J Med Internet
Res. 2014;16(1):e4. doi:10.2196/jmir.2909

Joinson A. Social desirability, anonymity, and Internet-based questionnaires.
Behav Res Methods, Instruments, Comput. 1999;31(3):433-438.
doi:10.3758/BF03200723

Statistics Denmark. Population statistics.
https://www.statistikbanken.dk/statbank5a/default.asp?w=1920. Accessed
September 24, 2020.

Schulte EM, Gearhardt AN. Development of the Modified Yale Food
Addiction Scale Version 2.0. Eur Eat Disord Rev. 2017;25(4):302-308.
doi:10.1002/erv.2515

Nelder M, Cahill F, Zhang H, et al. The Association Between an Addictive
Tendency Toward Food and Metabolic Characteristics in the General

133



281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

FOOD ADDICTION COMORBID TO MENTAL DISORDERS

Newfoundland Population. Front Endocrinol (Lausanne). 2018;9:661.
doi:10.3389/fend0.2018.00661

Sevincer GM, Konuk N, Bozkurt S, Coskun H. Food addiction and the outcome
of bariatric surgery at 1-year: Prospective observational study. Psychiatry
Res. 2016;244:159-164. doi:10.1016/j.psychres.2016.07.022 [doi]

Pursey KM, Collins CE, Stanwell P, Burrows TL. The stability of “food
addiction” as assessed by the Yale Food Addiction Scale in a non-clinical
population over 18-months. Appetite. 2016;96:533-538.
doi:10.1016/j.appet.2015.10.015 [doi]

Venniro M, Zhang M, Caprioli D, et al. Volitional social interaction prevents
drug addiction in rat models. Nat Neurosci. 2018;21(11):1520-1529.
doi:10.1038/541593-018-0246-6

Bardo MT, Neisewander JL, Kelly TH. Individual differences and social
influences on the neurobehavioral pharmacology of abused drugs.
Pharmacol Rev. 2013;65(1):255-290. doi:10.1124/pr.111.005124

Ettman CK, Abdalla SM, Cohen GH, Sampson L, Vivier PM, Galea S.
Prevalence of Depression Symptoms in US Adults Before and During the
COVID-19 Pandemic. JAMA Netw Open. 2020;3(9):e2019686-e2019686.
doi:10.1001/jamanetworkopen.2020.19686

Leigh-Hunt N, Bagguley D, Bash K, et al. An overview of systematic reviews
on the public health consequences of social isolation and loneliness. Public
Health. 2017;152:157-171. doi:https://doi.org/10.1016/j.puhe.2017.07.035

Rivera HM, Christiansen KJ, Sullivan EL. The role of maternal obesity in the
risk of neuropsychiatric disorders. Front Neurosci. 2015;9:194.
doi:10.3389/fnins.2015.00194 [doi]

Vella SC, Pai NB. A narrative review of potential treatment strategies for food
addiction. Eat Weight Disord. June 2017. doi:10.1007/s40519-017-0400-2
[doi]

Schulte EM, Joyner MA, Potenza MN, Grilo CM, Gearhardt AN. Current
considerations regarding food addiction. Curr Psychiatry Rep.
2015;17(4):563. doi:10.1007/5s11920-015-0563-3 [doi]

Gearhardt AN, Grilo CM, DiLeone RJ, Brownell KD, Potenza MN. Can food be

addictive? Public health and policy implications. Br J Addict.
2011;106(7):1208-1212. doi:http://dx.doi.org/10.1111/j.1360-

134



291.

292.

293.

294.

295.

REFERENCES

0443.2010.03301.x

Cassin SE, Buchman DZ, Leung SE, et al. Ethical, stigma, and policy
implications of food addiction: A scoping review. Nutrients. 2019;11(4).
do0i:10.3390/nu11040710

Meadows A, Higgs S. Internalized weight stigma and the progression of food
addiction over time. Body Image. 2020;34:67-71.
doi:10.1016/j.bodyim.2020.05.002

O’brien KS, Puhl RM, Latner ID, et al. The effect of a food addiction
explanation model for weight control and obesity on weight stigma.
Nutrients. 2020;12(2):294. d0i:10.3390/nu12020294

Cullen AJ, Barnett A, Komesaroff PA, et al. A qualitative study of overweight
and obese Australians’ views of food addiction. Appetite. 2017;115:62-70.
doi:S0195-6663(17)30207-6 [pii]

Latner JD, Puhl RM, Murakami JM, O’Brien KS. Food addiction as a causal

model of obesity. Effects on stigma, blame, and perceived psychopathology.
Appetite. 2014;77:77-82. doi:10.1016/j.appet.2014.03.004 [doi]

135






APPENDICES

APPENDICES

APPENIX A. PAPET Il ....eeeeeeneererinesessessssnesnssnsssesessssnsasssesssssssssnssnssassasssssssnsassnassssesas 139
AppPendixX B. PAPEN [l ......cccveiveieceiieesecnsnssesnessessssssansnssnesessssassnsssssasssssssssnssnssnssassssasanas 153
APPENdiX C. PAPEI IV .....cceieeieieecesceesennnssessessessssssassnssnssessssassssssssassssssssssssnsssssasassasanas 155
APPENdiX D. PAPEI V ....ucoivrcreceesensnsnesnesssssssssassnssnesessssasssssessssssssnssnssnssassssassssnsssasesss 157
Appendix E. Categorization of variables included in the attrition analyses......... 159
Appendix F. The full FADK questionNaire.........cccecvveieecesseesecnssnnnseessesessesansnssnssesssen 163

137






PAPER Il

Appendix A. Paper Il

Horsager C, Faerk E, Lauritsen MB, @stergaard SD

Validation of the Yale Food Addiction Scale 2.0 and estimation of the
population prevalence of food addiction

Clinical Nutrition. 2020; 39(9):2917-2928.
https://doi.org/10.1016/j.cInu.2019.12.030

139



FOOD ADDICTION COMORBID TO MENTAL DISORDERS

Clinical Nutrition 39 (2020) 2917-2928

Contents lists available at ScienceDirect CLINICAL .
N

Clinical Nutrition

journal homepage: http://www.elsevier.com/locate/clnu

Original article

Validation of the Yale Food Addiction Scale 2.0 and estimation of the  m)
population prevalence of food addiction S

updates

Christina Horsager * ™, Emil Faerk ¢, Marlene Briciet Lauritsen *°,

Seren Dinesen @stergaard © ¢

2 Aalborg University Hospital, Psychiatry, Aalborg, Denmark

b Department of Clinical Medicine, Aalborg University, Aalborg, Denmark

< Department of Affective Disorders, Aarhus University Hospital - Psychiatry, Aarhus, Denmark
d pepartment of Clinical Medicine, Aarhus University, Aarhus, Denmark

ARTICLE INFO SUMMARY

Article history:
Received 8 October 2019
Accepted 29 December 2019

Background & aims: Food addiction (FA) is likely to contribute to the global obesity epidemic. Most
studies of FA have been conducted within clinical and/or highly selected populations, suggesting that
prevalence estimates of FA may be biased. This is problematic as valid estimates of the population
prevalence of FA is a requirement for informing and designing public health initiatives focusing on this

Keywordsf . phenotype. Therefore, we aimed to estimate the weighted prevalence of food addiction in the adult
Food addiction general population of Denmark.
Obesity

Methods: A random sample of 5000 individuals aged 18 to 62 from the Danish population was invited to
participate in a survey, which included the Yale Food Addiction Scale (YFAS 2.0) and several rating scales
measuring eating pathology and other psychopathology. Health, demographic and socioeconomic data
from the Danish registers were linked to all invitees to allow for attrition analysis. The analysis had three
steps: I) Psychometric validation of the Danish version of YFAS 2.0 II) Attrition analysis to examine se-
lection bias, and III) Estimation of the weighted prevalence of FA taking attrition into account.
Results: The confirmatory factor analysis of the YFAS 2.0 supported a one-factor model, and the scale had
good internal consistency. The YFAS 2.0 score correlated with eating pathology including binge eating
frequency, impulsivity and body mass index (BMI). The survey response rate was 34.0% (n = 1699) with a
slight overrepresentation of respondents with higher socioeconomic status. The crude prevalence of FA
was 9.0%. When taking attrition into account, the weighted prevalence of FA was 9.4% CI 95% [7.9—10.9].
Conclusions: The psychometric properties of the Danish version of the YFAS 2.0 were good. The weighted
prevalence of FA was very similar to the crude prevalence estimate. This suggests that attrition may not
be a large problem when estimating the prevalence of FA with the YFAS 2.0.

© 2020 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

Surveys and questionnaires
Psychometrics

1. Introduction

The food environment in developed countries has changed
dramatically since the 1960s [1]. Specifically, the virtually unlim-
ited access to calorie-dense and hyper-palatable food has turned
many societies into so-called “obesogenic environments” [1]. This
represents a stark contrast to the hunter-gatherer lifestyle of our
ancestors where the drive for energy seeking and consumption
was a prerequisite for survival [2]. Due to this uncoupling of

» Corresﬁonding author. Research Unit for Child- and Adolescents Psychiatry,
Aalborg University Hospital, Psychiatry, Melleparkvej 10, 9000 Aalborg, Denmark.
E-mail address: christina.pedersen@rn.dk (C. Horsager).

https://doi.org/10.1016/j.cInu.2019.12.030

energy need and intake, the obesogenic environment is consid-
ered to be among the most important contributors to the global
obesity epidemic [3]. In fact, prior research has suggested that the
obesogenic environment has led to development of outright
addiction to hyper-palatable, calorie-dense foods (so-called food
addiction) — a phenotype with psychological, behavioral and
neurobiological characteristics equivalent to those seen in (other)
substance use disorders, namely impaired control over - and
preoccupation with - the substance, risky use (despite knowledge
of harming effect), symptoms of withdrawal and tolerance, and
resulting social impairment [4—8].

Food addiction was operationalized by the self-reported Yale
Food Addiction Scale (YFAS) in 2009 [9]. The updated version of the

0261-5614/© 2020 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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YFAS - YFAS 2.0 [10] - is based on the DSM-5 criteria for substance-
related and addictive disorders [7]. The YFAS and the YFAS 2.0 have
demonstrated robust psychometric properties across different
languages and settings [11]. However, most validation and preva-
lence studies have been performed in clinical populations or
community samples defined by self-inclusion, and not in random
representative samples (for a review, see Penzenstadler et al. [12]).
Consequently, both prevalence estimates and characterizations of
individuals with food addiction vary with the sampling strategy
and the study setting, which complicate our understanding of this
phenotype.

To our knowledge, only two studies have aimed at overcoming
this sampling problem by using quota-based methods in order to
obtain representative samples from general populations [13,14].
However, quota sampling is non-probability based and may there-
fore introduce selection bias [15]. Furthermore, lack of background
data on those not participating in these studies makes it difficult to
determine the generalizability of the results —and hence to estimate
the true prevalence of food addiction in the general population.
Having valid population estimates of the prevalence of food addic-
tion is a requirement for informing and designing potential public
health initiatives focusing on this phenotype — and establishing
these estimates is therefore of interest and importance.

Denmark is likely to represent an ideal setting for a study aiming
at obtaining valid population estimates of food addiction. This is
due to the fact that there is a longstanding Danish tradition for
coupling survey data with demographic, socioeconomic and health
data from nationwide registers [16]. This tradition allows for both
random sampling from the entire population and for obtaining
demographic, socioeconomic and health data from both survey
respondents and non-respondents, enabling attrition analyses and
weighted estimation of the prevalence of food addiction in the
general population. For these reasons, we designed a study to be
conducted in Denmark, which had three sequential aims:

I) To perform a psychometric validation of the YFAS 2.0 in a
random sample of the adult general population in Denmark (a
requirement for meeting aim III).

I1) To assess the representativeness of the respondents based on
attrition analysis using demographic, socioeconomic and health
data on both respondents and non-respondents extracted from the
Danish registers.

1II) To estimate the weighted prevalence of food addiction in the
adult general population in Denmark based on the results of the
attrition analysis.

2. Materials and methods
2.1. Study design and setting

This study is based on data from the Food Addiction Denmark
(FADK) project — a web-based survey conducted in 2018, which
includes linkage to register-based demographic, socioeconomic
and health-related data for all invitees [17].

2.2. Invitees

A total of 5000 individuals aged 18—62 years from the general
population were extracted randomly from the Danish Civil Regis-
tration System (DCRS) [18]. The DCRS has all individuals residing in
Denmark registered by a unique 10-digit personal identifier, which
enables linkage of information from all Danish registers at the level
of the individual [19]. To be eligible for extraction for this survey,
individuals had to i) be registered in the DCRS, ii) be born in
Denmark, iii) have Danish born parents, and iv) have a valid Danish

C. Horsager et al. / Clinical Nutrition 39 (2020) 2917—2928

postal address. Individuals who were legally incapacitated or in-
dividuals with a protected personal address were not eligible.

2.3. Survey procedure

The invitation to the web-based survey was sent to invitees via a
secure electronic mail system (eBoks) [20] used by the Danish
public authorities [21]. The invitation, in which information and
instructions regarding the study was described, included a personal
link to the web-based survey on www.surveyexact.dk [22]. A
reminder was sent by surface mail to those who had not responded
to the first invitation within 6 weeks. A more comprehensive
description of the survey procedure and specific details on the
FADK Project are provided in Horsager et al., 2019 [17].

2.4. Ethics

Invitees were informed that survey participation was voluntary,
and that they could withdraw their consent to participate at any
time. All data from the survey as well as from the registers (see
“Data used for the attrition analysis” below) was de-identified by
Statistics Denmark. The project was registered with the Danish
Data Protection Agency (record number 2008-58-0028) and the
use of register data was approved by the Danish Health Data Au-
thority and Statistics Denmark. In Denmark, Ethical Review Board
approval is not required for surveys and studies based on register
data that do not involve biomedical intervention.

2.5. The survey questionnaire

As the first aim of this study was to validate the Danish version
of YFAS 2.0, the survey questionnaire, in addition to the YFAS 2.0,
contained external validators (questionnaires) comparable to
those used in the original validation studies of the YFAS and YFAS
2.0 by Gearhardt et al. [9,10]. Furthermore, external validators
used in recent studies of the German, Italian, and Spanish ver-
sions of the YFAS 2.0 23-25 were also included. Specifically, the
following self-report measures were included in the FADK
questionnaire:

2.5.1. The Yale Food Addiction Scale 2.0 (YFAS 2.0)

The YFAS 2.0 was translated into Danish in accordance with the
WHO-guideline for translation of psychometric instruments [26].
AN. Gearhardt approved the back-translated version in order to
ensure that the content corresponds to that of the original. The
YFAS 2.0 contains 35 items covering the 11 DSM-5 criteria for
substance-related and addiction disorders (SRAD criteria); 1) Con-
sumption of more than planned, II) unable to cut down or stop, III)
much time spent, V) important activities given up, V) use despite
physical/emotional consequences, VI) tolerance, VII) withdrawal,
VIII) craving, IX) failure in role obligation, X) use despite interper-
sonal consequences, and XI) use in physically hazardous situations,
as well as two items covering the criterion regarding distress/
impairment. There are two ways of scoring the YFAS 2.0, categori-
cally or continuous. In the categorical scoring it is determined
whether the criteria for the food addiction “diagnosis” are met or
not. The diagnosis can be further divided into mild (two to three
symptoms present), moderate (four to five symptoms present), and
severe food addiction (six or more criteria present). To meet the
criteria for the diagnosis, significant impairment or distress should
be present as well. The continuous scoring simply sums all the
symptoms that are endorsed, yielding a total score between zero
and 11.
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2.5.2. The eating disorder Examination Questionnaire (EDE-Q)

The EDE-Q is a questionnaire based on the clinical interview
Eating Disorder Examination (EDE) [27,28]. The EDE-Q has been
used in the Italian [23] and German [24] psychometric validation
of the YFAS 2.0. In this study, EDE-Q item #15 regarding binge
eating frequency was used in the analyses of incremental and
convergent validity, while the subscale on dietary restraint was
used in the analysis of discriminant validity [10,23,24]. Finally, the
subscales on eating concern and the total score were used in the
analysis of convergent validity [23,24]. Item #13-#18 were cate-
gorized into seven categories ranging from zero days/times to
more than 27 times/every day (like the remaining items in the
EDE-Q).

2.5.3. The ADHD subscale of the symptom Checklist-92 (SCL-92)

The SCL-92 examines a broad range of psychopathology [29]. In
this study, data on the ADHD subscale of the SCL-92 [29] was used
in the analysis of convergent validity as impulsivity has been found
to associate with food addiction [30—37].

2.54. The Alcohol Use Disorder Test (AUDIT)

The AUDIT is commonly used to detect alcohol dependence and
problematic use of alcohol [38]. In the validation study of the
original YFAS, alcohol dependence was used as a discriminant
construct [9]. Since then, other studies have confirmed that
alcohol use disorder is negatively associated with food addiction
[39,40]. Therefore, we included alcohol dependence (as oper-
ationalized by the AUDIT) in the analysis of the discriminant val-
idity of YFAS 2.0.

2.5.5. Weight and height
Weight and height were self-reported, and the BMI was
computed based on this information.

2.6. Definition of complete/partial response to the YFAS 2.0

Complete response to the YFAS 2.0 was defined as having
answered all of its 35 questions. In agreement with prior studies
[9,10], the analysis of the psychometric validity was based only on
data from those with complete response to the YFAS 2.0.

Partial response was defined as having answered at least one
question per SRAD criterion — thereby enabling scoring of each
criterion (including that on impairment/distress). Hence, for the
partial respondents we were also able to compute the YFAS 2.0
continuous symptom score and categorical score (no food addic-
tion, mild food addiction, moderate food addiction or severe food
addiction). Therefore, our estimation of the prevalence of food
addiction in Denmark was based on data from those with
complete-as well as partial response to the YFAS 2.0.

2.7. Data used for the attrition analysis

Data from the Danish registers regarding demographics, socio-
economics and health was used for the attrition analysis (available
for both respondents and non-respondents). The following infor-
mation was extracted for all invitees: age, sex and marital status
from the Danish Civil Registration System [ 18], education level from
the Register on Personal Level of Education [41], occupation status
from the Registers on Personal Labor Market Affiliation [41], per-
sonal income from the Income Statistics Register [41], degree of
urbanization (population density in the area of home address) and
geography (province of home address) from the Danish Civil
Registration System [ 18], prior mental disorder from the Psychiatric
Central Research Register [42,43], use of psychotropic medication
from the National Prescription Register [44], and somatic/medical
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comorbidity as measured by the Charlson Comorbitity Index [45]
from the National Patient Register [46]. The categorization of the
included demographic, socioeconomic and health parameters are
specified in supplement S1.

2.8. Statistics

2.8.1. Validation of the YFAS 2.0

The validation was performed in accordance with the original
work [10], and included an examination of the internal reliability
(Kuder-Richardsons alpha), and a confirmatory factor analysis
testing the fit for a single factor model and a two-factor model.
The confirmatory factor analysis for the single factor model was
conducted using the items representing the eleven DSM 5 SRAD
criteria, except the criteria for distress and impairment. In the two
factor model, the first factor represented the eight SRAD depen-
dence criteria plus “craving”, and the second factor the three
SRAD criteria representing “abuse” (“failure in role obligation”,
“use despite interpersonal/social consequences”, and “use in
physically hazardous situations”). The goodness of fit of the two
models was evaluated with the confirmatory fit index, the Tucker
Lewis Index, the root-mean-square error of approximation and
the Chi-test.

The convergent, the discriminant, and incremental validity
[9,10,47,48] was tested by calculating Pearson's correlation coeffi-
cient between the YFAS 2.0 total scores versus total scores on the
SCL-92 ADHD subscale, the AUDIT and the EDE-Q (all subscales as
well as the total score), age and BMI, respectively. Only complete
responses on the validation measures were included in the corre-
lation analyses. Pearson's correlation coefficients (|r|) >0.30 were
considered as evidence of a relevant association [49,50] with the
significance level set at p < 0.05.

For the YFAS 2.0 categorical scoring option, ANOVA was per-
formed to test for difference in total scores on the SCL-92 ADHD
subscale, the AUDIT and the EDE-Q subscales and total score, age
and BMI, respectively, across the no food addiction, mild food
addiction, moderate food addiction, and severe food addiction
categories. For sex, the Chi’>-test was used. Afterwards, a post hoc
comparison with a hierarchical approach was used. Specifically, if a
statistically significant difference was found between individuals
with and without food addiction, the next step was to evaluate
whether there was a difference between the three severity levels of
food addiction. First, the difference between respondents with se-
vere and mild food addiction were compared, then severe and
moderate food addiction, and finally respondents with mild and
moderate food addiction, but only if all of the before-mentioned
analyses had provided evidence of statistically significant differ-
ences across and between groups. This hierarchical method was
preferred over adjustment for multiple comparisons. The effect
sizes were estimated as partial eta squared (partial n%), and Cohens
definition of small (0.01), medium (0.06) and large (0.14) effect
sizes was applied [50—-52].

The incremental validity was examined with multiple hierar-
chical regression analysis to estimate the predictive effect of binge
eating frequency and YFAS 2.0 score on the BM], respectively. Binge
eating frequency was entered in the first model as the only
explanatory variable for BMI and subsequently the YFAS 2.0 total
score was entered as well (model two) enabling an evaluation of
the variance in BMI accounted for by the YFAS 2.0.

2.8.2. Attrition analysis

The attrition comparing respondents (complete and partial re-
sponses) with non-respondents is predominantly analyzed using
descriptive statistics. Means and standard deviations (SDs) for
continuous variables and relative frequencies for categorical
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variables are reported and comparisons between respondents and
non-respondents are analyzed with Chi2-test/Fischers exact test
and students simple t-test.

2.8.3. Estimation of the weighted prevalence of food addiction

The weighted prevalence estimation taking attrition into ac-
count was performed in nine steps using augmented inverse pro-
pensity weighted estimation [53,54]. The estimate was weighted by
the attrition divided on the following factors, which were included
in the model in the following order: age, sex, marital status, so-
cioeconomic factors (educational level, occupation status and per-
sonal income), urbanization, geography/region, somatic illness (the
Charlson Comorbidity Index), prior mental disorders and finally
prior use of psychotropic medication.

Prior to all statistical analyses, the underlying assumptions were
checked and alternative non-parametric analyses were chosen if
assumptions were not met. All analyses were conducted using
STATA version 15.1.

trition 39 (2020) 2917—2928
3. Results
3.1. Survey response rate

A flow chart illustrating the survey participation is shown in
Fig. 1. The overall response rate (complete plus partial response to
the YFAS 2.0) was 34.0% and 28.7% only including complete re-
sponses of the YFAS 2.0. The mean age of the respondents was 43.5
years and 58.7% were female. The demographic, socioeconomic and
health-related characteristics of the respondents (and non-
respondents) are listed in relation to the attrition analysis (see
below).

3.2. Psychometric validation of the YFAS 2.0

3.2.1. Factor structure and reliability
Prevalence and factor loadings of the SRAD-criteria are provided
in Table 1. The average number of symptoms endorsed was 0.9

Population
Random sample from
the Danish Civil Registration System

Adult general population, aged 18-62 years n=5,000

Unknown

address
n=2

Received invitation
Invitation by electronic mail (eBoks).
Reminder by surface mail to those who had
not responded via eBoks within two months

General population
n=4,998

Responders

Both partial* and complete response to the
YFAS 2.0 questionnaire

n=1,699
(34.0%)

Complete YFAS 2.0
responders

436

n=1

(28.7%)

*Partial completion defined as having answered items on impairment and distress on the YFAS 2.0.

Fig. 1. Flowchart of the survey.

Table 1

Prevalence and factor loadings of the substance-related and addiction disorders (SRAD) diagnostic indicators of the Yale Food Addiction Scale 2.0 (n = 1436).

Met criterion

Did not meet criterion

Factor loadings 1-factor model Factor loadings 2-factor model

N (%) N (%)
Food addiction symptoms (SRAD diagnostic indicators)
Consumed more than planned 190 (13.2) 1246 (86.8) 0.56 =
Unable to cut down or stop 229 (16.0) 1207 (84.1) 0.67 .
Great deal of time spent 156 (10.9) 1280 (89.1) 0.66 =
Important activities given up 41(2.9) 1395 (97.1) 043 ol
Use despite physical/emotional consequences 128 (8.9) 1308 (91.1) 0.77 -
Tolerance 65 (4.5) 1371 (95.5) 0.68 —
Withdrawal 151 (10.5) 1285 (89.5) 0.71 -
Craving 84(5.9) 1352 (94.2) 0.67 0.68
Failure in role obligation 46 (3.2) 1390 (96.8) 0.55 0.55
Use despite interpersonal/social consequences 79 (5.5) 1357 (94.5) 0.51 —
Use in physically hazardous situations 122 (8.5) 1314 (91.5) 0.62 0.63
Impairment or distress 162 (11.3) 1274 (88.7) - -

1
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(SD = 2.0), 1.1 (SD = 2.2) for females), and 0.6 (SD = 1.6) for males.
The most commonly endorsed SRAD criteria were “inability to cut
down or stop” (16.0%) followed by “consumed more than planned”
(13.2%). The less endorsed criteria were “important activities given
up” (2.9%) and “failure in role obligation” (3.2%).

The confirmatory factor analysis for a single factor model found
factor loadings ranging from 0.43 to 0.77 (all with p-values <0.001),
confirmatory fit index = 0.909, Tucker Lewis Index = 0.886, root-
mean-square error of approximation = 0.089 and Chi?
(F = 549.59, df = 44, p < 0.001). The internal consistency measured
by Kuder-Richardson alpha (KR-20) was 0.8683. For the two factor
model, the following values were obtained: confirmatory fit
index = 0.909, and the Tucker Lewis Index = 0.884, and root-mean-
square error of approximation = 0.090. The covariance between the
two factors was r = 0.99 [0.95; 1.02] p < 0.001.

3.2.2. Convergent and discriminant validity

A correlation matrix illustrating convergent and discriminant
validity of the YFAS 2.0 is provided in Table 2. All measures of eating
pathology were moderately/strongly positively correlated with the
YFAS 2.0 total score (all in the range from r = 0.50 to r = 0.61, with
p-values<0.05) apart from restrained eating, which correlated less
strongly, albeit significantly, with the YFAS 2.0 total score (r = 0.35,
p < 0.05). The ADHD subscale (r = 0.44, p < 0.05) and BMI were also
positively correlated with the YFAS 2.0 total score (r = 0.30,
p < 0.05). Alcohol dependence (AUDIT score) did not correlate with
the YFAS 2.0 score (r = — 0,001).

The results of the comparison of clinical characteristics between
groups of individuals with different levels of food addiction are
presented in Table 3. Measures on eating pathology were all able to
discriminate between individuals with and without food addiction.
The most noteworthy findings were i) that both binge eating fre-
quency (F = 105.30, p < 0.001 and partial-n> = 0.19) and eating
concern (F = 188.52, p < 0.001 and partial-n? = 0.30) were able to
discriminate all levels of food addiction from each other; ii) that
restrained eating was more prevalent in individuals with food
addiction (F = 59.45, p < 0.001), however among all constructs
related to eating pathology it had the lowest effect size (partial-
12 = 0.11); iii) that individuals with food addiction had significant
higher BMI than those without (p < 0.001), but there was no dif-
ference in BMI between the food addiction severity levels (see also
Fig. 2); iv) that individuals with food addiction had higher scores on
the ADHD-subscale of the SCL-92 compared to those without food
addiction (F = 76.85, p < 0.001); and finally that alcohol depen-
dence (AUDIT) was not able to discriminate between those with-
and without food addiction (F = 0.92, p = 0.43).

3.2.3. Incremental validity

In model one (n = 1369) with binge eating frequency as the only
explanatory variable for BMI, binge eating frequency was a signif-
icant predictor of BMI (t = 5.30, coeff. =1.15 [0.73; 1.58], p < 0.001)
explaining 2.0% of the variance in the model. In model two
(n = 1369) where the YFAS 2.0 total score was added to model one,
binge eating frequency was no longer significantly associated with
BMI (t = 0.59, coeff. = 0.14[-0.34; 0.63], p = 0.554), but the YFAS 2.0
total score was (t = 8.30, coeff. = 0.74 [0.56; 0.91], p < 0.001), and
accounted for additional 4.7% of the variance in the model.

3.3. Attrition analysis

The results of the attrition analysis are shown in Table 4.

Compared to non-respondents, the respondents were older
(mean age = 43.5 years (SD = 0.3) versus 39.5 years (SD = 0.2),
p < 0.001), more likely to be female (58.7% vs. 44.7%, p < 0.001) and
more likely to be married or cohabiting (71.2% vs. 65.2%, p < 0.001).
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There were also significant group differences (p < 0.001 for all
analyses) with regard to educational level (a larger proportion of
the respondents had medium-cycle or long-cycle higher education
compared to the non-respondents), occupation status (a larger
proportion of the respondents were in the labor force compared to
the non-respondents) and income (a larger proportion of the re-
spondents were in the highest income quintile). There were no
differences between respondents and non-respondents with re-
gard to region/urbanization of residence (p = 0.223 and p = 0.429,
respectively). While the somatic illness load (operationalized as the
Charlson Comorbidity Index) was comparable between re-
spondents and non-respondents (p = 0.790), prior and/or present
users of antipsychotics (5.2% vs. 7.7%, p = 0.001) and ADHD medi-
cation (0.5% vs. 2.6%, p = 0.018) as well as those with prior di-
agnoses of mental disorders (8.5% vs. 11.3%, p = 0.002) were
underrepresented among the respondents. The only exception to
this tendency was individuals with eating disorders, who were
overrepresented among the respondents (1.4% vs. 0.6%, p = 0.010).

3.4. Food addiction prevalence estimate (crude and weighted)

A total of 9.0% CI 95% [7.6—10.4] (n = 153) met the criteria for
food addiction, including both complete and partial responses
(n = 1699), with 2.5% being mild, 2.6% moderate 3.9% severe,
respectively. Of the 153 individuals with food addiction, 119 were
females, corresponding to 77.8% of all food addiction cases and
11.9% of all female respondents. The 34 males with food addiction
corresponded to 4.8% of the male respondents, the difference in
prevalence between sex was statistical significant (p < 0.001).

Individuals with mild (38.8 years, SD = 12.2) and moderate (39.8
years, SD = 13.6) food addiction were statistical significantly
younger than individuals without (43.9 years, SD = 12.6) food
addiction (mild vs. no food addiction p = 0.026; moderate vs. no
food addiction p = 0.048). The same tendency was seen for severe
food addiction (40.9 years, SD = 12.2), without reaching statistical
significance (p = 0.067).

The results from the weighted prevalence model are outlined in
Fig. 3. It shows how the estimate of the prevalence of food addiction
decreased slightly with the introduction of demographic variables
to the model varying from 9.5% when only age is introduced to the
model to 8.8%, when attrition according to sex was also taken into
account. The prevalence estimate increased slightly with the in-
clusion of socioeconomic and health related variables, and reached
a plateau around 9.4% Cl 95% [7.9; 10.9]. As evident from Fig. 3, all
confidence intervals of the estimates obtained in the stepwise
weighing procedure overlapped with the crude prevalence at 9.0%.
Hence the change in the estimated prevalence of food addiction
due to adjustment for attrition was not statistically significant.

4. Discussion

In this study using data from the FADK project [17], we exam-
ined the psychometric properties of the Danish version of YFAS 2.0
in a sample from the general adult population. Subsequently, via
comprehensive attrition analyses using data from both respondents
and non-respondents, the generalizability of the results was eval-
uated. Finally, based on the results from the attrition analyses, we
estimated the weighted prevalence of food addiction in the adult
Danish population. The results showed that the Danish version of
the YFAS 2.0 has good psychometric properties that are comparable
to those obtained in the validation of the English original. The
survey response rate was 34.0% (n = 1699) with a slightly over-
representation of respondents with higher education, employment
and higher income. The crude prevalence of food addiction was
9.0% CI 95% [7.6—10.4], higher among females than among males
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Table 3
Comparison of clinical characteristics between groups of individuals with different levels of food addiction (no, mild, moderate and severe).

1. No food 2. Mild food 3. Moderate food 4. Severe food ANOVA P-value Effect size (partial n?) Pairwise
addiction addiction addiction addiction Test stat (F) comparisons
(unadjusted p < 0.05)

Food Addiction prevalence, N (%) 1308 (91.09%) 31 (2.16%) 37 (2.58%) 60 (4.18%) - = — =
(n = 1436)
Sex (females), N (%)* 734 (56.12%) 24 (77.42%) 27 (72.97%) 49 (81.67%) — <0.000 — —
(n = 1436)
Age, Mean (SD) 43.94 (12.59) 38.84(12.19) 39.78 (13.63) 40.88 (12.21) 3.85 0.009 0.01 3
(n = 1436)
ADHD (SCL-92), Mean (SD) 4.06 (3.98) 8.39(5.10)  9.39(5.01) 1088 (5.95) 76.85 <0.000 0.14 1<2,34
(n = 1366) 452
Restrained eating™, Mean (SD)  1.06 (1.24) 2.32(1.03) 2.82(1.63) 2.69(1.43) 59.45 <0.000 0.11 1<234
(n = 1400)
Eating concern**, Mean (SD) 022(047)  1.07(0.90)  1.52(1.00) 190 (141) 18852 <0.000 0.30 1<234
(n=1339) 4>3>2
Shape concern**, Mean (SD) 1.38(1.32)  3.69(1.04)  4.08(0.98) 406 (145) 14555 <0.000 024 1<234
(n = 1359)
Weight concern**, Mean (SD) 1.18(1.19)  3.35(0.94) 3.53(0.87) 373(1.33) 15577 <0.000 025 1<234
(n=1383)
Binge eating freq.**, Mean (SD) ~ 0.16 (0.50) 042(0.92) 0.75(1.18) 1.61(1.74) 105.30 <0.000 0.19 1<2,34
(n=1387) 4>3>2
Eating pathology**, Mean (SD)  0.94 (0.87) 2.54(0.72)  3.01(0.81) 2.95(1.27) 140.29 <0.000 0.25 1<234
(Global EDE-Q score)
(n = 1286)
BMI” (n = 1381) 25.38 (4.59) 29.91(5.96) 30.27 (8.29) 30.16 (7.19)  35.63 <0.000 0.07 1<234
Alcohol dependence (AUDIT) 567(416)  621(5.09) 5.97(6.11) 484(428) 092 043 0.002 =
(n=1297)

ANOVA and post hoc comparisons.*Chi>-test. ** Derived from the Eating Disorder Examination Questionnaire (EDE-Q).

For the pairwise comparisons: 1: no food addiction, 2: mild food addiction, 3: moderate food addiction, 4: severe food addiction.
2 1 and 4 not different at the p < 0.05 level.
b Not including data from four individuals with a reported height under 100 centimeters or weight under 30 kilograms.

(11.9% vs. 4.8%), while the prevalence in the fully adjusted model
taking attrition into account, was 9.4% CI 95% [7.9—10.9].

The Danish YFAS 2.0 had good internal reliability and a single
factor model was supported [55]. Additionally, the two-factor
model did not provide any better fit indices and the correlation
between the two factors was 0.9, also supporting a single factor
model, which is in concordance with the results from validation
studies of other language versions of the YFAS 2.0
[10,23—-25,56,57]. However, the original US validation study as
well as validation studies of other language versions of the YFAS

60
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| I I
0

% of food addiction severity group
o
S

o
5]

No Food Addiction

Mild Food Addiction

2.0 [10,23—25] showed markedly better fit indices than those
obtained in the present study, which are similar to those reported
in the validation studies of the Japanese and French YFAS 2.0
[56,57]. The same was the case for the factor loadings, which were
all acceptable and also comparable with the validation studies of
the Japanese and French YFAS 2.0 and all larger than 0.30 [58], but
markedly lower than the validation studies of the original, the
Italian, the German, and the Spanish YFAS 2.0. It seems likely, that
the random sample of Danish adults is more diverse than other
samples used for validation of the YFAS 2.0, which will have
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Fig. 2. Food addiction severity and BMI group.
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Table 4
Demographic, socioeconomic and health-related characteristics of the respondents and non-respondents.
Respondents (n = 1699) Non-respondents (n = 3301) P-value®
Characteristics
Age in years (SD) 435 (0.3) 39.5(0.2) <0.001
Female sex (%) 997 (58.7) 1475 (44.7) <0.001
Civil status (%)
Married or cohabiting 1210 (71.2) 2154 (65.2)
Single 489 (28.8) 1147 (34.8)
<0.001
Educational level (%)
Lower secondary school 297 (17.5) 847 (25.7)
High school 199 (11.7) 385 (11.7)
Vocational or short-cycle higher education 612 (36.0) 1256 (38.1)
Medium-cycle higher education including bachelor 376 (22.1) 501 (15.2)
Long-cycle higher education 212 (12.5) 294 (8.9)
Missing n = 212
<0.001
Occupation status (%)
In the labor force 1290 (75.9) 2338 (70.8)
Unemployment, sick pay, leave of absence 42 (2.5) 74 (22)
Disability pension, social security benefit 121(7.1) 340(10.3)
Enrolled in education 210 (12.4) 444 (13.5)
Missing n = 141° 36 (2.1) 105 (3.2)
<0.001
Personal income (%)
Quintiles
< 21,906 euro 299 (17.6) 695 (21.1)
21,906 euro — 38,145 euro 283(16.7) 721 (21.8)
38,146 euro — 48,914 euro 338(19.9) 658 (19.9)
48,915 euro — 63,329 euro 376 (22.1) 621(18.8)
> 63,329 euro 401 (23.6) 597 (18.1)
Missing n = 11"
<0.001
Degree of urbanization® (%)
Densely populated 537 (31.6) 1026 (31.1)
Intermediate populated, largest town with >40,000 inhabitants 281 (16.5) 488 (14.8)
Intermediate populated, largest town with <40,000 inhabitants 300(17.7) 581 (17.6)
Intermediate populated, largest town with <15,000 inhabitants 37(2.2) 87 (2.6)
Thinly populated, largest town with >15,000 inhabitants 205 (12.1) 440 (13.3)
Thinly populated, largest town with <15,000 inhabitants 339(20.0) 679 (20.6)
0.429
Region (%)
Capital 483 (28.4) 977 (29.6)
Central Jutland 409 (24.1) 776 (23.5)
Northern Jutland 204 (12.0) 329 (10.0)
Zealand 250 (14.7) 507 (15.4)
Southern Denmark 353(20.8) 712 (21.6)
0.223
Prior mental disorder %° (%)
Any mental disorder (binary y/n) n = 5000 144 (8.5) 372 (11.3) 0.002
Psychoactive substance use (F10—F19) 26 (1.5) 88 (2.7) 0.010
Psychotic disorders (F20—F29) 14 (0.8) 74(2.2) <0.001
Mood disorders (F30—F33) 77 (4.5) 171 (5.2) 0317
Anxiety disorders (F4A0—F42, F431) 34(2.0) 106 (3.2) 0.014
Eating disorders (F50) 23(1.4) 21(06) 0.010
Personality Disorders (F60—F62.1) 47 (2.8) 90(2.7) 0.935
Pervasive developmental disorders incl. autism (F84.0, F84.1, F84.5, F84.8) 5(0.3) 21(06) 0.111
Behavioral and emotional disorders incl. ADHD (F90, F90.1, F90.8, F98.8) 13(0.8) 68 (2.1) 0.001
Any other mental disorder (not included in the defined diagnostic groups). 52(3.1) 103 (3.1) 0.908
Use of psychotropic medication ¢ (%)
Any psychotropic medication (binary y/n) 529 (31.1) 995 (30.1) 0470
-all categories together (n = 5000)
Antipsychotics 89(5.2) 253(7.7) 0.001
Lithium 11(0.7) 12 (0.4) 0.160
Anxiolytics 272(16.0) 464 (14.1) 0.065
Antidepressants 407 (24.0) 734 (22.2) 0.170
ADHD medication 26 (1.5) 85 (2.6) 0.018
Medication for addiction disorders 45 (2.7) 118 (3.6) 0.081
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Table 4 (continued )
Respondents (n = 1699) Non-respondents (n = 3301) P-value®

Somatic illness (%)
(Charlson Comorbitity Index)

No/Low 1445 (85.19 2785 (84.4)

Moderate 229 (13.5) 462 (14.0)

Severe/High 25(1.5) 54 (1.6)

0.790

2 Comparing respondents with non-respondents. All tests are performed as Chi? tests except for the comparison of age between groups where the two-sample t-test was

used.

b Numbers cannot be shown according to rules enforced by Statistics Denmark (due to risk of identification of individuals).

© Based on EUROSTAT's DEGURBA categorization.[87].
94 according to the ICD-10.

¢ Individuals are allowed to be in more than one category, for each analysis n = 5000.

increased the variance in the data set and resulted in lower fit
indices and factor loadings.

The results from the convergent and discriminant validity ana-
lyses were in line with those obtained in other validation studies.
Specifically, food addiction correlated strongly with all eating pa-
thology symptoms, indicating that food addiction shares core fea-
tures with eating disorders, as theoretically expected and
supported by several other studies [11,59]. Restrained eating
correlated less strongly, albeit significantly, with food addiction,
this somewhat counterintuitive association has also been reported
in prior studies, and may be an indicator of a persistent feeling of
control loss among individuals with a restrictive eating pattern,
even when eating objectively small portions [59,60].

Impulsivity is a known risk factor of addiction [61], and our
results supported the previously reported association between food
addiction and impulsivity [24,32,34,37] as well as the association of
ADHD-symptoms and food addiction [62—65]. As expected, food
addiction did however not correlate with alcohol dependence. This
is in line with the results from prior studies [39,40], and fits with
the theory of addiction-shift found in bariatric surgery patients,

who occasionally shift from food addiction to e.g. alcohol depen-
dence in the post-surgery period [66—68].

The results of the incremental validity analysis showed that food
addiction accounted for additional 5.6% of the variance in BMI
when entered with binge eating frequency into the model, and
binge eating frequency was then no longer a significant predictor of
BMIL. Similar results were reported from the French YFAS 2.0 vali-
dation study [56]. Taken together, this suggests that food addiction
is likely to associate stronger with BMI than binge eating frequency,
indicating that food addiction may “precede” binge eating on the
complex etiological path that leads to obesity. Also, the BMI was
significantly higher among individuals with food addiction
compared to those without food addiction, which is in agreement
with the results from the majority of studies on food addiction — for
instance the systematic review by Penzenstadler et al. [12] as well
as the recent study by Najem et al. [69].

Over the course of the past three decades there has been a clear
decline in response rates to surveys [70,71]. With the expanded use
of web-based surveys, which are more cost-beneficial and easy to
conduct, there has been a steep increase in the number of survey

Weighted Prevalence of Food Addiction
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Fig. 3. Weighted prevalence of food addiction with 95% confidence intervals based on demographic, socioeconomic and health related factors.
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invitations and a resulting decline in the willingness to participate
in surveys [21,72]. In the present study, the overall response rate of
34.0% was satisfactory and comparable to another recent Danish
nationwide survey using eBoks for invitation [21]. When compared
to the non-respondents, the respondents were i) older, ii) more
often females, and represented in higher iii) educational-, iv)
occupational-, and v) income groups. This is in line with a wide
body of literature on the impact of demographics and socioeco-
nomic status on survey participation [73—77]. A Danish population-
based study from 2015 found survey respondents less likely to have
an unhealthy lifestyle compared to non-respondents and therefore
a lower morbidity caused by e.g. addiction disorders than non-
respondents [78]. As lower socioeconomic status correlates with
poor eating habits (and resulting overweight/obesity) [79—81], the
overrepresentation of individuals with higher socioeconomic status
in this survey has likely resulted in an underestimation of the true
prevalence of food addiction. Therefore, we calculated weighted
prevalence estimates taking the attrition into account.

The crude prevalence rate of food addiction in the general
Danish population was estimated at 9.0%. Consistent with findings
from other studies [10,23—25], severe food addiction was more
prevalent than both moderate and mild food addiction. The prev-
alence of food addiction was significantly higher among females
compared to males — a result that is in accordance with those from
the vast majority, but not all [69], other studies on food addiction
[82], and also in agreement with the sex-ratio for eating disorders
in general [83].

Based on the results from the attrition analysis, a weighted
prevalence of food addiction was estimated using a stepwise pro-
cedure (see Fig. 3). Somewhat surprisingly, the weighted estimate
(9.4%, 95% CI: 7.9—10.9) was not markedly different from the crude
estimate (9.0%, 95% Cl: 7.6—10.4). The two most notable changes in
the estimate were observed when taking age and sex into account
since food addiction is more prevalent in the young (who were
underrepresented among respondents) and less prevalent in males
(also underrepresented among the respondents). The subsequent
adjustments for various demographic, socioeconomic and health-
related factors had only little impact on the prevalence estimates,
due to the fact that the respondents were either quite balanced
with respect to these characteristics (e.g. demographics) and/or
that these characteristics were not strongly associated with food
addiction (e.g. socioeconomics). While the seemingly limited
impact of attrition observed here is not necessarily representative
of other settings, it does suggest that attrition may not be a large
problem with regard to estimating the prevalence of food addiction
based on the YFAS 2.0. Indeed, the weighted prevalence of 9.4% in
the general Danish population is comparable with estimates from
neighboring Germany where crude prevalence rates of 7.9—9.7%
were found in non-clinical samples [13,24], but not nearly as high
as the 15% estimate stemming from a study of a general population
sample from the US [14]. This European-US difference in the
prevalence of food addiction resonates well with the fact that
overweight and obesity is markedly more common in the US
compared to most European countries [84].

4.1. Limitations

The limitations of the FADK project, which provides data for this
study, are covered extensively by Horsager et al., 2019 [17] and are
summarized briefly in the following. First and foremost, we used a
self-report questionnaire for data collection, which introduces a
risk for report bias. Determining the direction and magnitude of
this potential bias is not possible based on the data at hand.
However, as e.g. self-reported weight tends to be underestimated
and height tends to be overestimated, resulting in

underestimations of the BMI [85], the same seems likely to be the
case for behavior related to the BMI (e.g. food addiction). Thus, the
prevalence of food addiction reported here (and in other studies)
may be underestimated. Second, since the assessment of food
addiction, eating pathology, and general psychopathology was
cross-sectional, this study does not provide evidence for the sta-
bility of these traits over time. We plan to address this aspect in
future follow-up studies of this sample. Third, to ensure that all
participants were able to understand the Danish questionnaire,
only Danish born citizens with Danish born parents were invited to
participate. Consequently, the sample is not fully representative of
the Danish population. However, as the population of Denmark is
quite homogeneous (according to Statistics Denmark, approxi-
mately 86% of the inhabitants of Denmark are of Danish origin
[86]), our findings should be representative of the vast majority of
the Danes.

5. Conclusion

To our knowledge, this validation of the YFAS 2.0 is the largest to
date, and the first to validate the YFAS 2.0 in a random sample from
a general population. We found that the Danish version of the YFAS
2.0 had sound psychometric properties, and — based on results
from extensive attrition analyses — we estimated the weighted
prevalence of food addiction to be 9.4%. As the crude prevalence
estimate was 9.0%, these results suggest that attrition may not be a
large problem when estimating the prevalence of food addiction
based on the YFAS 2.0.
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APPENDIX E

Appendix E. Categorization of variables included in the attrition
analyses

The following sociodemographic- and health-related data obtained from the Danish
registers’™ are included in the attrition analysis and categorized as follows:

Age and sex (The Danish Civil Registration System). Assessed at the time the first
invitation for the survey was sent.

Marital status (The Danish Civil Registration System): Categorized categorically as
married/cohabiting or single.

Educational level (Registers on personal level of education): Lower secondary school,
Upper secondary school, Vocational or short-cycle higher education, Medium-cycle
higher education including bachelor degrees (refers to e.g. nurses, teachers,
physiotherapists, midwifes), Long-cycle higher education (research-based
undergraduate and postgraduate programs and PhD programs obtained at
universities), and Missing.

Occupation status (Registers on personal labor market affiliation): In the labor force;
Unemployment, Sick leave or leave of absence; Disability pension or social security
benefit; Retirement pension, early retirement (due to the defined max. age of 62
years, no one was registered in this category), Enrolled in education, and Missing.

Personal income (The Income Statistics Register): This categorization is based on the
general population’s income ultimo 2017 divided into quintiles: <21,906 euro;
21,906 euro — 38,145 euro; 38,146 euro — 48,914 euro; 48,915 euro — 63,329 euro;
>63,329 euro. Missing.

The equivalated disposable income (The Income Statistics Register): Used for the
adolescent population. The purpose of using this variable is to ensure comparability
in income by taking both the size- and total income of a family into account.

The categorizing will be based on the equivalated disposable income for the general
population divided into quintiles.

Degree of urbanization (The Danish Civil Registration System): Densely populated,
Intermediately populated (largest town = 40,000 inhabitants), Intermediately
populated with largest town < 40,000 inhabitants), Intermediately populated with
largest town < 15,000 inhabitants, Thinly populated, (largest town > 15,000
inhabitants), Thinly populated (largest town < 15,000 inhabitants).

The categorization is based on Eurostat's definition of “Degree of Urbanization”
(DEGURBA).
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Geography/region (The Danish Civil Registration System): Capital, Central part of
Jutland, Northern part of Jutland, Zealand, Southern part of Denmark.

Lifetime mental disorder (The Psychiatric Central Research Register): Defined as any
inpatient or outpatient contact with a psychiatric hospital registered in the
Psychiatric Central Research Register® in the period from 1969 and onwards. The
listed ICD-10 diagnoses (Classification of Mental and Behavioural Disorders)® were
used (before 1994 the corresponding ICD-8 diagnoses were used): Mental and
behavioral disorders due to psychoactive substance use (F10-F19); Psychotic
disorders (F20-F29); Affective disorders (F30-F33); Anxiety disorders incl. Obsessive-
compulsive disorder and Post-traumatic stress disorder (F40-F42, F431); Eating
disorders (F50); Personality Disorders (F60-F62.1); Pervasive developmental
disorders incl. autism (F84.0, F84.1, F84.5, F84.8); ADHD and ADD (F90, F90.1, F90.8,
F98.8); Any other mental disorder (not included in the defined diagnostic groups).
Each individual may be present in more than one category — if he or she has been
assigned diagnosis from different categories.

Lifetime use of psychotropic medication (The National Prescription Register): As
registered in the National Prescription Register3, which contains data from 1995 and
onwards on all prescriptions redeemed at pharmacies in Denmark. The following
groups of medication were used (Anatomical Therapeutic Chemical (ATC) codes in
parentheses): Antipsychotics (NOSA - NO5AX17 excl. NO5AN); Lithium (NOS5AN);
Anxiolytics (NO5BA, NO5CD02, NO5CD05, NO5CD06, NO3AX16); Antidepressants
(NO6A - NO6AX26); Medication for ADHD/ADD (NO6BA09, NO6BA04, NO6BA12,
NO6BA02, C02AC02, NO6BAQ7); Medication for addiction disorders (NO7BB, NO7BC).
Each individual may be present in more than one category — if he or she has
redeemed prescriptions from more than one category of psychotropic medication.

Lifetime physical illness (The National Patient Register): As operationalized by the
Charlson Comorbitity Index” based on hospital inpatient and outpatient contacts
registered in the Danish National Patient Register? since 1977.

The total Charlson Comorbidity Index score was categorized in: 0 no comorbidity; 1-
2 moderate comorbidity; and 3 or more as high/severe comorbidity.
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combined survey- And register-based study. Acta Neuropsychiatrica. 2019;31(6):325-336. doi:10.1017/neu.2019.34

Supplementary material S1. The full FADK questionnaire in the English and

the Danish language.

QUESTIONNAIRE ON EATING HABITS, ADULTS (Yale Food Addiction Scale 2.0)

This survey asks about your eating habits in the past year. People sometimes have difficulty controlling how much they eat of
certain foods such as:

- Sweets like ice cream, chocolate, doughnuts, cookies, cake, candy

Starches like white bread, rolls, pasta, and rice
Salty snacks like chips, pretzels, and crackers

Fatty foods like steak, bacon, hamburgers, cheeseburgers, pizza, and French fries
Sugary drinks like soda pop, lemonade, sports drinks, and energy drinks
When the following questions ask about “CERTAIN FOODS" plcase think of ANY foods or beverages similar to those listed in
the food or beverage groups above or ANY OTHER foods you have had difficulty with in the past year

IN THE PAST 12 MONTHS: Never | Less Once | 2-3 Once | 2-3 4-6 Every
than a times | a times | times | Day
monthly | month | a week | a a
month week | week

1. When I started to eat certain foods, I ate much more than 0 1 2 3 4 5 6 7
planned.

2. I continued to cat certain foods even though I was no longer 0 1 2 3 4 5 6 7
hungry.

3. T ate to the point where I felt physically ill 0 1 2 3 4 5 6 7

4. I worried a lot about cutting down on certain types of food, 0 1 2 3 4 5 6 7
but I ate them anyways.

5. T spent a lot of time feeling sluggish or tired from 0 1 2 3 4 3 g 7
overeating.

6. I spent a lot of time eating certain foods throughout the day. 0 L 2 3 4 e 6 7

7. When certain foods were not available, I went out of my 0 1 2 3 4 5 6 7
way to get them. For example, I went to the store to get
certain foods even though I had other things to eat at home.

8. L ate certain foods so often or in such large amounts that I 0 1 2 3 4 5 6 7
stopped doing other important things. These things may
have been working or spending time with family or friends.

9. 1 had problems with my family or friends because of how 0 1 2 3 4 5 6 7
much I overate.

10.  Iavoided work, school or social activities because I was 0 1 2 3 4 5 6 7
afraid I would overeat there.

11. When I cut down on or stopped eating certain foods, I felt 0 ! 2 3 4 5 6 7
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irritable, nervous or sad.

12.

If I had physical symptoms because 1 hadn’t eaten certain
foods, I would eat those foods to feel better.

6 ¥

13.

If I had emotional problems because I hadn’t eaten certain
foods, I would eat those foods to feel better.

14.

When I cut down on or stopped eating certain foods, I had
physical symptoms. For example, I had headaches or
fatigue.

When I cut down or stopped eating certain foods, I had
strong cravings for them.

16.

My eating behavior caused me a lot of distress.

6 7

17.

I had significant problems in my life because of food and
cating. These may have been problems with my daily
routine, work, school, friends, family, or health.

6 ¥

18.

1 felt so bad about overeating that I didn’t do other
important things. These things may have been working or
spending time with family or friends.

My overeating got in the way of me taking care of my
family or doing houschold chores.

20.

T avoided work, school or social functions because I could
not eat certain foods there.

6 7

21.

I avoided social situations because people wouldn’t approve
of how much I ate.

22,

1 kept eating in the same way even though my eating caused
emotional problems.

6 ¥

23.

T kept eating the same way even though my eating caused
physical problems.

W

24.

Eating the same amount of food did not give me as much
enjoyment as it used to.

I really wanted to cut down on or stop eating certain kinds
of foods, but I just couldn’t.

6 7

26.

I needed to eat more and more to get the feelings I wanted
from cating. This included reducing negative emotions like
sadness or increasing pleasure.

27.

I didn’t do well at work or school because I was eating too
much.

28.

Ikept eating certain foods even though I knew it was
physically dangerous. For example, I kept cating sweets
even though I had diabetes. Or I kept eating fatty foods
despite having heart disease.

29.

I had such strong urges to eat certain foods that I couldn’t
think of anything else.

W
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30. T had such intense cravings for certain foods that I felt like T 0 1 2 3 4 5 6 7
had to eat them right away.
31 T tried to cut down on or not eat certain kinds of food, but T 0 1 2 3 4 5 6 7
wasn't successful.
32. T tried and failed to cut down on or stop cating certain foods. 0 1 2 3 4 5 6 7
33. I was so distracted by cating that I could have been hurt 0 1 2 3 4 5 6 7
(e.g., when driving a car, crossing the street, operating
machinery).
34, 1 was so distracted by thinking about food that I could have 0 1 2 3 4 5 6 7
been hurt (e.g., when driving a car, crossing the street,
operating machinery).
35. My friends or family were worried about how much T 0 1 2 3 4 5 6 7
overate.

QUESTIONNAIRE ON WELL-BEING (WHO-5)

Please indicate for each of the five statements which is closest to how you have been feeling over the last two weeks.

Notice that higher numbers mean better well-being.

Example: If you have felt cheerful and in good spirits more than half of the time during the last two wecks, put a tick in

the box with the number 3 in the upper right corner.

Over the last two weeks... All of Most of More Less than  Some of Atno
the time the than half of the time time
time half of the
the time
time
1. Thave felt cheerful and i d spirit:
ave felt cheerful and in good spirits 5 4 3 5 | .
2. Thave felt calm and relaxed
have felt calm and relaxe 5 4 3 ) | .
3. Thave felt active and vigorous 5 4 3 2 1 .
4. T woke up feeling fresh and rested
woke up feeling fresh and reste 5 4 3 5 i .
5. My daily life has been filled with
things that interest me 5 4 3 2 1 0
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QUESTIONNAIRE ON EATING (EDE-Q)

Instructions: The following questions are concerned with the past four weeks (28 days) only. Please read each question carefully.
Please answer all the questions. Thank you.

Questions 1 to 12: Please circle the appropriate number on the right. Remember that the questions only refer to the past four weeks
(28 days) only.

0 15 6-12 13-15 16-22 23-27 Every

ON HOW MANY OF THE PAST 28 DAYS ... days days days days days days day

1. Have you been deliberately trying to limit the amount of food you eat to

; : 0 1 2 3 4 5 6

influence your shape or weight (whether or not you have succeeded)?

2. Have you gone for long periods of time (8 waking hours or more) without 0 1 5 3 4 5 6
4 g

cating anything at all in order to influence your shape or weight?

3. Have you tried to exclude from your diet any foods that you like in order to 0 ] 5 3 A 5 6

influence your shape or weight (whether or not you have succeeded)?

4. Have you tried to follow definite rules regarding your eating (for example, a

calorie limit) in order to influence your shape or weight (whether or not you 0 1 2 3 4 5 6

have succeeded)?

5. Have you had a definite desire to have an empty stomach with the aim of 5 i 5 s q _ p

5

influencing your shape or weight?

6. Have you had a definite desire to have a totally flat stomach? 0 1 2 3 4 5 6

7. Has thinking about food, eating or calories made it very difficult to

concentrate on things you are interested in (for example, working, following a 0 1 2 3 4 5 6

conversation, or reading)?

8. Has thinking about shape or weight made it very difficult to concentrate on

things you are interested in (for example, working, following a conversation, or 0 1 2 3 4 5 6

reading)?

9. Have you had a definite fear of losing control over eating? 0 1 2 3 4 5 6

10. Have you had a definite fear that you might gain weight? 0 1 2 3 4 5 6

11. Have you felt fat? 0 1 2 3 4 5 6

12. Have you had a strong desire to lose weight? 0 1 2 3 4 5 6
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Questions 13-18: Please fill in the appropriate number in the boxes on the right. Remember that the questions only refer to

the past four weeks (28 days).

Over the past four weeks (28 days)....

0 1-5
day/ days/ days/ days/

6-12 13-15 16-22 23-27
Every

days/ days/
ay

times times times times times times

13. Over the past 28 days, how many TIMES have you eaten what other

people would regards as an unusually large amount of food (given the 0 1 2 3 4 5 6
circumstances)?

14. ... On how many of these TIMES did you have a sense of having lost i I 5 5 B . &
control over your cating (at the time you were cating)? i

15. Over the past 28 days, on how many DAY'S have such episodes of

overeating occurred (i.e. you have eaten an unusually large amount of food 0 1 2 3 4 5 6

and have had a sense of loss of control at the time)?

16. Over the past 28 days, how many TIMES have you made yourself sick

. . . 0 1 2 3 4 5 6
(vomit) as a means of controlling your shape or weight?
17. Over the past 28 days, how many TIMES have you taken laxatives as a 4 i g g i 5 .
means of controlling your shape or weight? .
18. Over the past 28 days, how many TIMES have you exercised in a “driven”
or “compulsive” way as a means of controlling your weight, shape or amount 0 1 2 3 4 5 6

of fat, or to burn off calories?

Questions 19 to 21: Please circle the appropriate number. Please note that for these questions the term “binge eating”
means eating what others would regard as an unusually large amount of food for the circumstances, accompanied by a

sense of having lost control over eating.

154 6-12 13-15 16-22 23-27 Every
-5 days
Over the past four weeks (28 days).... days Y days  days duys dags  day
19. Over the past 28 days, on how many days have you eaten in _

0 1 2 3 4 5 6

secret (ic, furtively)? ... Do not count cpisodes of binge cating.

20. On what proportion of the times that you have eaten have you

felt guilty (felt that you’ve done wrong) because of its effect on
your shape or weight? ... Do not count episodes of binge cating.

None of A few of Less Half of More Most Every

the timesthe times than the times than of the time
half half time
0 1 2 3 4 5 6
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Not at Slightly Moderately Markedly
all
21. Over the past 28 days, how concemed have you been about
other people seeing you eat? ... Do not count episodes of binge 0 1 2 3 4 5 6

cating.

Questions 22 to 28: Please circle the appropriate number on the right. Remember that the questions only refer to the past

four weeks (28 days).

Not at all Slightly Moderately Markedly
Over the past four weeks (28 days)....
22. Has your weight influenced how you think about .
) 0 1 2 3 4 5 6
(judge) yourself as a person?
23. Has your shape influenced how you think about _
) 0 1 2 3 4 5 6
(judge) yourself as a person?
24. How much would it have upset you if you had been
asked to weigh yourself once a week (no more, or less, 0 1 2 3 4 5 6
often) for the next four weeks?
25. How dissatisfied have you been with your weight? _
0 1 2 3 4 5 6
26. How dissatisfied have you been with your shape? _
0 1 2 3 4 5 6
27. How uncomfortable have you felt seeing your body
(for example, seeing your shape in the mirror, in a shop i i 5 ) i _ 6
5 6
window reflection, while undressing or taking a bath or
shower)?
28. How uncomfortable have you felt about others
S P h ~ f' ~ f ~ 1 o 1 1
seeing your shape or figure (for example, in communal i ] g 3 4 5 P

changing rooms, when swimming, or wearing tight
clothes)?
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What is your weight at present? (Please give your best estimate.):.........................
What is your height? (Please give your best estimate.): .....................................
Age: ...

If female:

Have you missed any menstrual periods over the past three to four months? ...................
If so, howmany? ...............................

Have you been taking the “pill”? ............................

Are you pregnant? ...

If so, which week of pregnancy are youin? ......................
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QUESTIONNAIRE ON MENTAL HEALTH (SCL-92)

Below is a list of problems and complaints that people sometimes have. Please read each one carefully and enter the
number that best describes how much you were bothered by that problem during the past week.

Please enter only ONE.
FOR THE PAST WEEK, HOW MUCH WERE YOU BOTHERED BY:

Not At Al A Little Moderately Quite A  Extremely

Bit Bit

1 Nervousness or shakiness inside (#2) 0 1 2 3 4
2 Feeling critical of others (#0) 0 1 2 3 4
3 Trouble remembering things (#9) 0 1 2 3 4
4 Feeling easily annoyed or irritated (#11) 0 1 5 3 4
5  Feeling low in energy or slowed down (#14) 0 1 5 3 4
6  Poor appetite (#19) 0 1 5 3 4
7  Feeling shy or uneasy with the opposite sex 0 1 5 3 4

#21)
8  Suddenly scared for no reason (#23) 0 1 5 3 4
9  Temper outbursts that you could not control

3

(#24) 0 1 2 4
10 Blaming yourself for things (#26) 0 1 5 3 4
11  Feeling blocked in getting things done (#28) 0 1 5 3 4
12 Feeling blue (#30) 0 1 5 3 4
13 Worrying too much about things (#31) 0 1 5 3 4
14  Feeling no interest in things (#32) 0 1 5 3 4
15 Your feelings being easily hurt (#34) 0 1 5 3 4
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FOR THE PAST WEEK, HOW MUCH WERE YOU BOTHERED BY:

Not At All  ALittle Moderately QuiteA  Extremely

Bit Bit
16  Feeling others do not understand you or are 0 1 5 3 4
unsympathetic (#36) -
17  Feeling that people are unfriendly or dislike 0 1 5 3 4
you (#37) )
18 Feeling inferior to others (#41) 0 1 2 3 4
19 Having to check and double-check what you 0 1 2 3 4
do (#45)
20 Having to avoid certain things, places, or 0 I 5 3 4
activities because they frighten you (#50)
21  Trouble concentrating (#55) 0 1 5 3 4
22 Overeating (#60) 0 1 5 3 4
23 Feeling uneasy when people are watching or 0 1 5 3 4
talking about you (#61) )
24 Having to repeat the same actions such as 0 1 5 3 4
touching, counting, washing (#65)
25  Sleep that is restless or disturbed (#66) 0 1 5 3 4
26  Feeling very self-conscious with others
(#69) 0 1 2 3 4
27 Feeling everything is an effort (#71) 0 1 5 3 4
28  Spells of terror or panic (#72) 0 I 5 3 4
29  Feeling uncomfortable about eating or 0 1 5 3 4
drinking in public (#73)
30 Feeling so restless you couldn't sit still (#78) 0 I 5 3 4
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Please circle the answer that is correct for you. If you do not drink alcohol, just circle Never in the first question.

Never Monthly or less  2-4 times a 2-3 times a 4 or more times
month week a week
1. How often do you have a drink
o : 0 1 2 3 4
containing alcohol?
lor2 3or4 Soré6 Tor9 10 or more
2. How many standard drinks containing
alcohol do you have on a typical day when 0 1 2 3 4
drinking?
Less than i
Never Monthly Weekly Daily or almost
monthly :
daily
3. How often do you have six or more
. . 0 1 2 3 4
drinks on one occasion?
4. During the past year, how often have
you found that you were not able to stop 0 1 2 3 4
drinking once you had started?
5. During the past year, how often have
you failed to do what was normally 0 1 2 3 4
expected of you because of drinking?
6. During the past year, how often have
you needed a drink in the morning to get 0 ! 3 3 4
yourself going after a heavy drinking
session?
7. During the past year, how often have
you had a feeling of guilt or remorse after 0 1 2 3 4
drinking?
8. During the past year, have you been
unable to remember what happened the
0 1 2 3 4

night before because you had been
drinking?
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No Yes, but not in the past  Yes, during the past year
year
9. Have you or someone else been injured i g i
as a result of your drinking?
10. Has a relative or friend, doctor or other
health worker been concerned about your 0 2 4

drinking or suggested you cut down?

If you have any comments regarding the questionnaires, please write them here:

Thank you so much for participating!
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Danish version of the full FADK questionnaire

SPORGESKEMA OM SPISEVANER (Yale Food Addiction Scale 2.0)

Dette spergeskema omhandler dine spisevaner gennem det seneste ar. Folk har sommetider vanskeligt ved at
kontrollere, hvor meget de spiser af bestemte madvarer som f.eks.:

-Swde sager som is, chokolade, doughnuts/wienerbred, smakager, kage, slik
-Kulhydrater som hvidt bred, rundstykker/boller, pasta og ris

-Saltede snacks som chips, saltsteenger og saltkiks

-Fed mad som bef, bacon, hamburgere, cheeseburgere, pizza og pomfritter
-Sukkerholdige drikkevarer som sodavand, saftevand, sportsdrikke og energidrikke

Nar de folgende spergsmal sporger til "ZBESTEMTE MADVARER?”, bedes du tenke pa HVILKEN SOM HELST type
madvarer eller drikkevarer svarende til dem fra ovennavnte mad- og drikkevare grupper - eller HVILKEN SOM
HELST ANDEN type mad, som du har haft problemer med gennem det seneste é&r.

1 DE SENESTE 12 MANEDER Aldrig Mindreend En gang 2-3 gange En 2-3 4-6 Hver
en gang om om om gang  gange gange dag
méineden méneden  maneden om om om
ugen  ugen ugen
1. Nar jeg begyndte at spise bestemte
madvarer, spiste jeg meget mere end 0 1 2 3 4 5 6 7
planlagt.
2. Jeg fortsatte med at spise bestemte
madvarer, selvom jeg ikke leengere var 0 1 2 3 4 5 6 7
sulten.
3. Jeg spiste, indtil jeg blev fysisk darlig. 0 1 2 3 4 5 6 7
4. Jeg teenkte meget pa at skare ned pa
bestemte madvarer, men jeg spiste dem 0 1 2 3 4 5 6 7
alligevel.

5. Jeg brugte meget tid pa at fole mig slov
eller treet pa grund af overspisningen. 0 1 2 3 4 5 6 7

6. Jeg brugte meget tid pa at spise bestemte
madvarer i lobet af dagen. 0 1 2 3 4 5 6 7

7. Nar bestemte madvarer ikke var
tilgengelige, gjorde jeg alt, hvad jeg
kunne for at skaffe dem (for eksempel
tog jeg pa indkob for at fa bestemte 0 1 2 3 4 5 6 7
madvarer, selvom jeg havde andet at
spise derhjemme).

8. Jeg spiste bestemte madvarer sa ofte eller
i sa store maengder, at jeg holdt op med at
gore andre vigtige ting (f.eks. at arbejde 0 1 2 3 4 5 6 7
eller tilbringe tid med min familie eller
mine venner).
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I DE SENESTE 12 MANEDER Aldrig Mindreend En gang 2-3 gange En 2-3 4-6 Hver
en gang om om om gang  gange gange  dag
maneden maneden  méaneden om om om
ugen ugen ugen
9. Jeg havde problemer med min familie
eller mine venner pa grund af 0 1 2 3 4 5 6 7

overspisningen.

10. Jeg undgik arbejde, skole eller sociale
aktiviteter, fordi jeg var bange for, at jeg 0 1 2 3 4 5 6 7
ville overspise der.

11. Nar jeg skar ned pa eller holdt op med at
spise bestemte madvarer, blev jeg 0 1 2 3 4 5 6 7
irritabel, nerves eller trist.

12. Hyvis jeg havde fysiske symptomer, fordi
jeg ikke havde spist bestemte madvarer,
spiste jeg denne slags mad for at fa det 0 1 2 3 4 5 6 7
bedre.

13. Hvis jeg havde folelsesmaessige
problemer, fordi jeg ikke havde spist

bestemte madvarer, spiste jeg denne slags 0 1 2 3 4 5 6 7
mad for at fa det bedre.
14. Nar jeg skar ned pa eller holdt op med at
spise bestemte madvarer, fik jeg fysiske
symptomer (f.eks. hovedpine eller 0 1 2 3 4 5 6 7

tracthed).

15. Nar jeg skar ned pa eller holdt op med at
spise bestemte madvarer, fik jeg en staerk 0 1 2 3 4 5 6 7
trang til dem (“craving”).

16. Mine spisevaner har givet mig mange

bekymringer. 0 1 2 3 4 5 6 7
17. Jeg havde betydelige problemer i mit liv
pa grund af mad og spisning (f.eks.
problemer med mine daglige goremal, 0 1 2 3 4 5 6 7
arbejde, skole, venner, familie eller
helbred).
18. Jeg havde det sa darligt med
overspisningen, at jeg ikke fik gjort andre
vigtige ting (f.eks. at ga pa arbejde eller 0 1 2 3 4 5 6 7
tilbringe tid med min familie eller mine
venner).
19. Min overspisning forhindrede mig i at
tage mig af min familie eller udfere 0 1 2 3 4 5 6 7
huslige pligter.
I DE SENESTE 12 MANEDER Aldrig Mindreend Engang  2-3 gange En 2-3 4-6 Hver
en gang om om om gang  gange gange dag
maneden maineden  maneden om om om
ugen  ugen ugen
20. Jeg undgik arbejde, skole eller sociale 0 1 2 3 4 5 6 7
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arrangementer, fordi jeg ikke kunne spise
bestemte madvarer der.

21. Jeg undgik sociale situationer, fordi folk
ikke ville synes om, at jeg spiste sa 0 1 2
meget.

22. Jeg fortsatte med at spise pa samme
made, selvom min spisning gav mig 0 1 2
folelsesmaessige problemer.

23. Jeg fortsatte med at spise pa samme
made, selvom min spisning gav mig 0 1 2 3 4 5 6 7
fysiske problemer.

24. Jeg opnaede ikke lige sa stor nydelse ved
at spise den samme mangde mad, som 0 1 2 3 4 5 6 7
jeg plejede.

25. Jeg ville virkelig geme skeere ned pa eller
holde op med at spise bestemte madvarer, 0 1 2 3 4 5 6 7
men jeg kunne bare ikke.

26. Jeg var nodt til at spise mere og mere for
at fa de folelser frem, som jeg ville opna
med spisningen (f.eks. at mindske
negative folelser som tristhed eller oge 0 1 2 3 4 5 6 7
folclsen af nydelse/velvare).

27. Jeg klarede mig ikke sa godt pa arbejdet
eller i skolen, fordi jeg spiste for meget. 0 1 2 3 4 5 6 7

28. Jeg fortsatte med at spise bestemte
madvarer, sclvom jeg vidste, at det var
fysisk skadelig (for eksempel fortsatte jeg

med at spisc sede sager, sclvom jeg 0 1 2 3 4 5 6 7

havde sukkersyge, cller jeg fortsatte med

at spise fed mad, selvom jeg havde

hjerte-kar-sygdom).
29. Jeg havde sa staerk trang til at spise

bestemte madvarer, at jeg ikke kunne

teenke pa noget andet. 0 1 2 3 4 5 6 7
1 DE SENESTE 12 MANEDER Aldrig Mindreend En gang 2-3 gange En 2-3 4-6 Hver

en gang om om om gang  gange gange  dag
mineden mineden  mineden om om om
ugen  ugen ugen

30. Jeg havde sa intens trang (“craving”) til
bestemte madvarer, at jeg folte, at jeg 0 1 2 3 4 5 6 7
matte spise dem med det samme.

31. Jeg forsogte at skacre ned pa eller holde
op med at spisc bestemte madvarer, men 0 1 2
det lykkedes ikke for mig.

w
~
W
[e)}
<
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32.

Jeg forsogte at skare ned pa eller holde
op med at spise bestemte madvarer, men
Jjeg kunne ikke.

33. Jeg var sa distraheret af at spise, at jeg

kunne vare kommet til skade (f.eks. nar
jeg korte bil, gik over vejen, betjente
maskiner).

34.

Jeg var sa distraheret af at teenke pa mad,
at jeg kunne veere kommet til skade
(f.cks. nar jeg korte bil, gik over vejen,
betjente maskiner).

. Mine venner eller min familie var

bekymrede over, hvor meget jeg
overspiste.

TRIVSEL (WHO-5)
Set venligst ved hvert af de 5 udsagn et kryds i det felt der kommer teettest pa hvordan du har felt dig i de
seneste to uger. Bemeark at et hojere tal star for bedre trivsel.
Eksempel: Hvis du har folt dig glad og i godt humer i lidt mere end halvdelen af tiden i de sidste to uger,

sé seet krydset i feltet med 3-tallet i overste hajre hjorne.

IDE SIDSTE 2 UGER... Hele Lidt Lidt Lidt af Pi intet
tiden meste af mereend mindre tiden tidspunkt
halvdelen end
af tiden  halvdelen
af tiden
1. .. harjeg varet glad og i godt humer
5 3 2 1 0
2. .. har jeg folt mig roli 1a
ar jeg folt mig rolig og afslappet 5 3 2 | .
3. . harjeg folt mig aktiv og energisk %
5 3 2 1 0
4. . erjeg vagnet frisk og udhvilet 5 3 2 1 .
5. .. har min dagligdag veret fyldt med
ting der interesserer mig 5 3 2 1 0

SPORGESKEMA OM SPISNING (EDE-Q)

Vejledning: Nedenstiende spergsmil drejer sig kun om de sidste fire uger (28 dage). Laes venligst hvert

spergsmal omhyggeligt og veer venlig at besvare alle spergsmal, tak.

Spergsmal 1-12: Sat venligst en cirkel om det nummer til hejre, der passer. Husk at spergsmalene kun drejer sig om de

sidste fire uger (28 dage)

I hvor mange af de sidste 28 dage .....

0 15 6-12 13-15 16-22 23-27 Hver

dage dage dage dage dage dage

dag
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0 15 6-12 13-15 16-22 23-27 Hver

1 hvor mange af de sidste 28 dage ..... dape dage dape Omge dage dage day

1. Har du bevidst forsegt pa at begraense den mangde mad, du spiser, for at
pavirke din figur eller veegt (uanset om det er lykkedes)?

2. Har du gaet i lang tid (8 timer eller mere i vagen tilstand) uden at spise noget
overhovedet for at pavirke din figur eller vagt?

3. Har du forsegt at udelade nogle former for mad, som du kan lide, fra din kost
for at pavirke din figur cller vaegt (uanset om det er lykkedes)?

4. Har du forsegt at folge klare regler med hensyn til din spisning (for eksempel
en kaloriegranse) for at pavirke din figur eller vaegt (uanset om det er lykkedes)?

5. Har du haft et klart onske om at have en tom mave med det formal at pavirke

din figur eller vagt?

6. Har du haft ct klart enske om at have en fuldstaendig flad mave? 0 1 2 3 4 3 6

7. Har det at teenke pa mad, spisning eller kalorier gjort det meget vanskeligt at
koncentrere dig om ting, du er interesseret i (for eksempel arbejde, at folge medi 0 1 2 3 4 5 6
en samtale eller at lase)?

8. Har det at tacnke pa figur og vacgt gjort det meget vanskeligt at koncentrere dig

om ting, du er interesseret 1 (for cksempel arbejde, at folge med 1 en samtale cller 0 1 2 3 4 5 6
at laese)?

9. Har du haft en klar frygt for at miste kontrol over at spise? 0 1 2 3 4 5 6
10. Har du haft en klar frygt for, at du kunne tage pa i veegt? 0 1 2 3 4 5 6
11. Har du folt dig tyk? 0 1 2 3 4 5 6
12. Har du haft et staerkt onske om at tabe dig? 0 1 2 3 4 3 6

Spergsmal 13-18: Seet venligst en cirkel om det nummer til hejre, der passer. Husk at spergsmalene kun drejer sig om
de sidste fire uger (28 dage).

0 1-5 6-12 13-15 16-22 23-27 Hver

I hvor mange af de sidste 28 dage ..... dage tlage dage dage dage dage dng

13. Hvor mange gange i lobet af de sidste 28 dage har du spist hvad andre

W
(=)

mennesker (efter omstendighederne) ville betragte som en usadvanlig stor maengde 0 1 2 3 4
mad?
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0 1-5 6-12 13-15 16-22 23-27 Hver

I hvor mange af de sidste 28 dage ..... Jdage doge dage dage dmge dage dug

14. ..... Hvor mange af dissc gange har du haft en folelse af at have mistet kontrol
over din spisning (pa det tidspunkt, hvor du spiste)?

15. Hvor mange DAGE inden for de sidste 28 dage har der varet sadanne episoder

wn
N

med overspisning (d.v.s. hvor du har spist en usadvanlig stor mangde mad og har 0 1 2 3 4
haft en folelse af, at du pa dette tidspunkt havde mistet kontrollen)

16. Hvor mange gange inden for de sidste 28 dage har du fremkaldt opkastning for
at kontrollere din figur eller vaegt?

17. Hvor mange gange inden for de sidste 28 dage har du taget afforringsmidler for
at kontrollere din figur og vagt?

18. Hvor mange gange inden for de sidste 28 dage har du motioneret pa en
"tvangsmassig" made for at kontrollere din veegt, figur eller fedtmangde eller forat 0 1 2 3 4 5 6
braende kalorier af?

Spergsmal 19-21: Sat venligst en cirkel om det nummer til hejre, der passer. Leeg meerke til. at i disse spergsmal
betyder udtrykket "overspisning" at spise, hvad andre efter omstendighederne ville anse for en usedvanlig stor
mangde mad, ledsaget af en folelse af at have tabt kontrollen over spisningen.

0 6-12 23-27 Hver
I hvor mange af de sidste 28 dage ... 1-5 dage 13-15 dage 16-22 dage
dage dage dage dag
19. Hvor mange dage har du inden for de sidste 28
dage spist i hemmelighed (d.v.s. i smug)? 0 1 2 3 4 5 6

.... Overspisninger skal ikke tlles med

Ingen af Faaf Mindre end Halvdelen af Mere De  Hver
gangene gangene halvdelen gangene end fleste gang
halvdelen gange

20. Hvor stor en del af de gange du har spist, har du
folt dig skyldig (folt du har gjort noget forkert) pa

c 5 s C 0 1 2 3 4 5 6
grund af virkningen heraf pa din figur eller vagt
.... Overspisninger skal ikke teelles med
Slet ikke Kun lidt Noget Udpreaeget
21. Hvor bekymret har du vaeret inden for de sidste
28 dage over, at andre mennesker kunne se dig spise 0 1 2 3 4 5 6

... Overspisninger skal ikke teclles med
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Spergsmal 22-28: Sat venligst en cirkel om det nummer til hejre, der passer. Husk at spergsmalene kun drejer sig om
de sidste fire uger (28 dage).

Slet ikke Kun lidt Noget Udprzeget
I hvor mange af de sidste 28 dage .....
22. Har din veegt haft indflydelse pa, hvordan du taenker 5 i 3 5 4 _ &
5

pa (bedommer) dig selv som menneske?
23. Har din figur haft indflydelse pa hvordan du taenker 0 | ) 3 4 s 6
pa (bedommer) dig selv som menneske? ;
24. Hvor ubehageligt ville det have vearet for dig, hvis
du var blevet bedt om at veje dig en gang om ugen 0 1 2 3 4 5 6
(hverken mere eller mindre) i lobet af de naste 4 uger?
25. Hvor utilfreds har du veret med din vagt? _

0 1 2 3 4 5 6
26. Hvor utilfreds har du vaeret med din figur? N

0 1 2 3 4 5 6
27. Hvor utilpas har du folt dig, nar du har set din krop
(for eksempel nar du har set din figur i spejlet, spejlet 0 I 5 3 4 5 6
dig i en vinduesrude, mens du har kladt dig af, cller har
taget et bad eller et styrtebad)?
28. Hvor utilpas har du folt dig ved, at andre ser din
skikkelse eller figur (for eksempel i felles _

0 1 2 3 4 5 6

omklaedningsrum, til svemning, eller nar du har haft
taetsiddende toj pa)?

Hvad er din nuvaerende vaegt? (angiv det venligst s teet pd som muligt) ........................

Hvad er din hejde? (angiv det venligst sd teet pa som muligt) ............................o

Hvis du er af hunken:

Er der nogle menstruationer,

du ikke har haft i lebet af de sidste 3 til 4 maneder? ...............................
Hvis ja, hvor mange? ...............................
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Har du taget p-piller? ...........................

Erdugravid? ...
Hvis ja, hvilkenuge? ...............................
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SPORGESKEMA OM MENTAL OG FYSISK SUNDHED (SCL-92)

INSTRUKTION

Nedenfor er anfort en razkke problemer og gener, som man undertiden kan have. Laes venligst hver enkelt grundigt. Nér
du har gjort det, bedes du venligst lave en cirkel om det nummer til hejre, der bedst beskriver, i hvor hej grad det
pagzldende problem har voldt dig ubehag i lebet af den sidste uge inklusiv i dag. Lav kun én cirkel for hvert
problem. Hvis du skifter mening, bedes du slette din forste markering tydeligt.Det er af stor betydning, at du besvarer
alle spergsmalene.

I hvilken grad har du vaeret plaget af:

Slet ikke Lidt Noget En hel del  Szerdeles
meget
1 Nervesitet eller indre uro (#2) 0 1 2 3 4
2 Atfele dig kritisk over for andre (#6) 0 1 2 3 4
3 Besvar med at huske (#9) 0 1 2 3 4
4 Enfolelse af, at du let bliver @rgerlig eller 0 1 5 3 4
irriteret (#11)
5 En folelse af manglende energi eller af at o
0 1 2 3 4
veare langsom (#14)
6  Manglende appetit (#19) 0 1 5 3 4
7  Atfole dig genert eller usikker over for det 0 1 5 3 4
modsatte ken (#21)
8 At du pludselig bliver bange uden grund 0 1 5 3 4
(#23)
9 Vredesudbrud, som du ikke kan kontrollere
0 1 2 3 4
(#24)
10 Selvbebrejdelser (#26) 0 1 5 3 4
11  En folelse af ikke at kunne overkomme 0 1 5 3 4
noget (#28)
12 Atfele dig nedtrykt (#30) 0 1 5 3 4
13 At bekymre dig for meget (#31) 0 1 5 3 4
14 At du ikke foler dig interesseret i noget 0 1 5 3 4
(#32)
15 At dulet bliver saret (#34) 0 1 5 3 4
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APPENDIX F

Side 21 af 23
I hvilken grad har du varet plaget af:
Slet ikke Lidt Noget En hel del  Szerdeles
meget
16  En folelse af, at andre ikke forstar dig eller 0 1 5 3 4
er ufelsomme (#36)
17  En folelse af, at folk er uvenlige eller ikke 0 1 5 3 4
kan lide dig (#37)
18  En folelse af mindreveaerd (#41) 0 1 2 3 4
19 At veare npdt til at kontrollere alt, hvad du 0 1 2 3 4
gor, igen og igen (#45)
20  Atvere nedt til at undga visse ting, steder 0 1 5 3 4
eller aktiviteter, fordi de skremmer dig
(#50)
21 Atdu har svert ved at koncentrere dig (#55) 0 1 5 3 4
22 Atdu spiser for meget (#60) 0 1 5 3 4
23 At du foler dig usikker, nar folk iagttager 0 1 5 3 4
dig eller taler om dig (#61)
24 At du er nedt til at gentage de samme 0 1 5 3 4
handlinger, f.eks. vaske eller talle (#65)
25 Hoyvileles eller urolig sevn (#66) 0 1 5 3 4
26  Atveare meget genert over for andre (#69) 0 1 5 3 4
27 Enfolelse af, at alting er anstrengende (#71) 0 1 5 3 4
28  Anfald af reedsel eller panik (#72) 0 1 9 3 4
29  En folelse af ubehag ved at spise eller drikke 0 1 9 3 4
i andres pésyn (#73)
30 Atdufoler dig rastles, at du ikke kan sidde 0 1 5 3 4

stille (#78)
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FOOD ADDICTION COMORBID TO MENTAL DISORDERS

Side 22 af 23
ALKOHOLVANER (AUDIT)
1 det folgende sperges der ind til dine alkoholvaner. Sat venligst cirkel om det svar, som passer bedst.
Hvis du slet ikke drikker alkohol, svarer du bare aldrig til forste spergsmal.
Hgjest én 2-4 gange 2-3 gange
R 4 gange om
gang om om maéneden om ugen
. ugen eller oftere
maneden
1. Hvor tit drikker du noget, der indeholder ) . 5 4
alkohol?
3-4 5-6 7-9 10 eller flere
genstande genstande genstande genstande
2. Hvor mange genstande drikker du ) . 5 4
almindeligvis, nar du drikker noget?
Sjeeldent Manedligt Ugentligt Dagligt eller
neesten dagligt
3. Hvor tit drikker du fem genstande eller . 3 8 q
flere ved samme Igjlighed?
4. Har du inden for det seneste ar oplevet,
at du ikke kunne stoppe, nar du forst var 1 2 3 4
begyndt at drikke?
5. Har du inden for det seneste ar oplevet,
at du ikke kunne gore det, du skulle, fordi 1 2 3 4
du havde drukket?
6. Har du inden for det seneste ar mattet
have en lille én om morgenen, efter at du 1 2 3 4
havde drukket meget dagen for?
7. Har du inden for det seneste ar haft
darlig samvittighed eller fortrudt, efter du 1 2 3 4
har drukket?
8. Har du inden for det seneste ar oplevet,
at du ikke kunne huske, hvad der skete 1 2 3 4

aftenen for, fordi du havde drukket?
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Side 23 af 23

Nei Ja, men ikke inden for det Ja, inden for
. seneste ar det seneste ar
9. Er du selv eller andre nogensinde
kommet til skade ved en ulykke, fordi du 0 2 4
havde drukket?
10. Har nogen 1 familien_ en ven, en lzge
eller andre varet bekymret over dine 0 5 4

alkoholvaner eller foreslaet dig at swtte

forbruget ned?

Hyvis du har kommentarer til undersogelsen eller noget du gerne vil uddybe, er du meget velkommen til at gore
det her:

Tusind tak for din besvarelse!
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