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The prevalence of obesity keeps increasing globatlythe European Union member
states, approximately 60% of adults and over 20%cbbol-aged children are currently
overweight or obese (BMt 25, The International Obesity Taskforce, 2012)0é#30%

of obese individuals who enroll in weight loss prags (Spitzer et al., 1993c) and 2,5-5%
of individuals in community-based samples (Sminén \Hoeken, & Hoek, 2012) suffer

from binge eating disorder (BED). BED is charaaed by consuming large amounts of
food accompanied with the feeling of loss of cohtho contrast to patients with bulimia

nervosa (BN), BED individuals show no compensatmelgavior afterwards. To date, BED
is listed in the Appendix of the DSM IV-TR of themfrican Psychiatric Association

(American Psychiatric Association, 2000), but midig included in DSM-V as full

diagnosis soon (American Psychiatric Associatid@1,2).

For it is a relatively new diagnosis, there is neéedurther support the validity of the

syndrome of BED. Furthermore, there is only littikowledge on the development and
maintenance of BED. The current thesis therefamesdo further contribute to the validity

of BED and to support the significance of psychaabas well as biological maintenance
factors of BED in a sample of obese women in lafooyaas well as under naturalistic
conditions. This was done in order to provide adrsainderstanding for the syndrome of
BED, which is of importance for its treatment.

Concerning its distinction from obesity, it haseoftbeen questioned if BED is just an
"epiphenomenon of obesity" rather than a clinicaievant and distinct eating disorder
(Tuschen-Caffier, 2005). Particularly, one impottavidence for validity of BED, a higher
binge eating frequency in the natural environmentobese individuals with BED as
compared to obese without BED, is mixed (WondeyliGordon, Mitchell, Crosby, &
Engel, 2009).

It is not clear from previous studies, which stimaduce overeating or binge eating in
BED. Since psychosocial stressors are well-knovggérs of binge eating in BN (Hilbert,
Vogele, Tuschen-Caffier, & Hartmann, 2011), thalerin BED should be investigated
more closely. Above all, there is no evidence, Whiehavioral patterns of eating (i.e.,
eating rate) characterize the eating behavior eselBED as compared to obesity without
eating disorder. Such patterns could be a modebattwreen psychosocial stress and binge

eating and give important insight into underlyingahanisms involved in the regulation of
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food intake in BED. These psychological as welbadogical mechanisms are in need of
further study, since they are not as well undestas in BN. Psychological theories
mainly focus on the role of dietary restraint arebative affect. Biological approaches
include the investigation of appetite regulationvesll as the Hypothalamic-Pituitary-
Adrenal (HPA) axis in BED individuals. Because @mtis involved in appetite regulation
and energy balance (Dallman et al., 2004), a hypeeaHPA axis has been hypothesized

as a biological basis of BED, but evidence is earé inconclusive.

The present thesis addresses the validity of BEWvels as underlying mechanisms of
BED from three different angles. After a brief mduction to the topic (Chapterl), data
discriminating obesity with BED from obesity withoBED regarding eating in the natural
environment, psychiatric comorbidity, negative effas well as self reported tendencies in
eating behavior are provided by study 1 in chaptdfvidence for possible psychological
mechanisms explaining increased intake of BED iuldials in the natural environment are
investigated by analyzing associations of nega#ffect, emotional eating, restrained
eating and caloric intake in obese BED compar@dB&D controls. Chapter 3 provides an
experimental study (study 2) on the impact of achsgocial stressor, the Trier Social
Stress Test (TSST, Kirschbaum, Pirke, & Hellhammi&93), on behavioral patterns of
eating behavior in laboratory. Special attentiongigen to stress-induced changes in
variables that reflect mechanisms of appetite s in obese BED individuals
compared to controls. To further explore by whicecimanisms stress might trigger binge
eating, Chapter 4 investigates differences in stimeduced cortisol secretion after a
socially evaluated cold pressure test (SECPT, Sbbwidaddad, & Schachinger, 2008) in
obese BED as compared to obese NBED individuals.

Taken together, the three studies provide answeetbe following questions: 1) Which
differences in psychopathological features existvben obese women with and without
BED? 2) Which differences in naturalistic eatingh@eor and eating habits exist between
obese women with and without BED? 3) Are there ifigaelationships between affective
symptoms and eating behavior in obese women witDBE) Does psychosocial stress
change behavioral patterns of eating associatedd nhger and satiety specifically in
obese women with BED? 5) Is there a higher redgtiof the HPA axis, indicated by
heightened stress response of cortisol in obese B&nen? Finally, the overall
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implications of the results for theory and therabpBED will then be discussed in Chapter
5. Thereby, also developments that have taken plfieethe studies had been finished will
be considered.
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Die Pravalenz von Adipositas steigt weltweit. Imdsuropaischen Mitgliedsstaaten sind
derzeit etwa 60% der Erwachsenen und tUber 20% uheleKim Schulalter Gbergewichtig
oder adip6s (BMI> 25, The International Obesity Taskforce, 2012)wd&t30% der
Adip6sen in Gewichtsreduktionsprogrammen leideneurdiner Binge Eating Stérung
(BES). Die BES ist durch das wiederholte Auftretem Essanféllen gekennzeichnet, bei
denen grofe Mengen an Nahrungsmitteln mit einenmheegehenden Gefuhl des
Kontrollverlusts verzehrt werden. Im Gegensatz atighten mit einer Bulimia Nervosa
(BN) ergreifen BES Patienten nach diesen Essanf&iégne Gegenmalnahmen. Aktuell
ist die BES im Anhang B des Diagnostischen undisisthen Manuals psychischer
Storungen (DSM IV-TR, American Psychiatric Assooiaf 2000) klassifiziert, sie wird
aber moglicherweise schon bald als Diagnose im DSMyscheinen (American

Psychiatric Association, 2012).

Die Validitat der BES — als relativ neue Esstorungollte weiter belegt werden. Es gibt
bisher nur wenig gesichertes Wissen Uber ihre &mistg und Aufrechterhaltung. Die
vorliegende Arbeit méchte daher einerseits einetr&gzur Untermauerung der Validitat
der BES leisten. Des Weiteren soll die Relevanzzedirer biologischer sowie

psychologischer aufrechterhaltender Faktoren deb BEpirisch gestltzt werden. Dazu
wurde eine Stichprobe adiptser Frauen mit und & sowohl im Labor als auch in der
natirlichen Umgebung untersucht. Die Ergebnissdersoku einem umfassenderen
Verstandnis der BES und damit zu einer Verbesseireg Behandlungsmoglichkeiten

beitragen.

Es wurde haufig angezweifelt, ob es sich bei de6 Bfirklich um eine eigenstandige
Essstorung und nicht vielmehr um ein reines "Epnoinden der Adipositas” handelt
(Tuschen-Caffier, 2005). Insbesondere konnte eichtiger Beleg fur die Validitat der
BES, die hohere Auftretenshaufigkeit von Essanfidlle der nattrlichen Umgebung im
Vergleich zu Ubergewichtigen ohne BES, bisher nibiireichend erbracht werden
(Wonderlich et al., 2009).

Auch ist bisher nicht ausreichend geklart, welchien&i bei Personen mit BES einen
Essanfall auslosen. Psychosozialer Stress ist beiBiN als Ausloser flr Essanfélle
bekannt (Hilbert et al., 2011). Dies legt nahensdRolle bei der BES ebenfalls genauer zu

untersuchen. Weiterhin ist nicht bekannt, inwiefsich adipdése Personen mit einer BES
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von Adipdésen ohne Essstorung in der Mikrostruktinres Essverhaltens (z.B.
Essgeschwindigkeit) unterscheiden. Solche Merkmhtmnten den Einfluss von
psychosozialem Stress auf das Essverhalten moeleriend wichtige Hinweise auf
zugrundeliegende Mechanismen in der RegulationNBrrungsaufnahme bei der BES
liefern. Diese psychologischen und biologischen hgtsmen bedirfen der weiteren
Untersuchung.

Psychologische Theorien haben sich bisher weithetgk auf die Rolle des geziigelten
Essverhaltens und des negativen Affekts bei der BikBssiert. Biologische Anséatze
untersuchten die Regulationsmechanismen bei derruNgbaufnahme sowie der
Hypothalamus-Hypophysen-Nebennierenrinden AchseNAtHbei Personen mit BES. Da
Cortisol eine wichtige Rolle bei der Energieversong und Appetitregulation spielt
(Dallman et al., 2004), kdnnte eine hyperaktive H&Bine biologische Grundlage der
BES darstellen.

Die vorliegende Arbeit befasst sich aus drei uetaesllichen Blickwinkeln mit der Frage
der Validitat der BES sowie mit den der BES zugeliefienden Mechanismen: Nach
einer kurzen theoretischen Einfuhrung (Kapiteiigrden Ergebnisse zur Abgrenzung der
BES von der Adipositas vorgestellt. Dazu werderSindie 1 (Kapitel 2) Befunde zum
Essverhalten in der natirlichen Umgebung, zur payieéchen Komorbiditat und zum
negativem Affekt sowie zu selbstberichteten Tendanm Essverhalten berichtet. Anhand
der Zusammenhange von negativem Affekt, restriktivE&ssverhalten, emotionalem
Essverhalten und der Nahrungsaufnahme in der rm&dtén Umgebung werden mdogliche
psychologische Mechanismen, die einer erhdhten idgisaufnahme der Personen mit
BES im Vergleich zu Adipésen ohne BES zugrundeelregonnten, untersucht. Kapitel 3
beschreibt eine experimentelle Studie (Studie B,d#n Einfluss eines psychosozialen
Stressors, dem Trier Sozial Stress Test (TSST,cHKirdum et al.,, 1993) auf die
Mikrostruktur des Essverhaltens im Labor untersuBkesondere Berlcksichtigung finden
dabei Stress-induzierte Veradnderungen von Variablelle Mechanismen der
Appetitregulation widerspiegeln bei Adipésen mit BEn Vergleich zu Adipésen ohne
BES. Studie 3 (Kapitel 4) beschaftigt sich mit deologischen Mechanismen, die bei der
Stress-induzierten  Auslosung von  Essanfallen  aktisind. Anhand von
Speichelkortisolproben nach einem experimentelleesSor, einem ,sozial-evaluativen
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Cold Pressor Test* (SECPT, Schwabe, Haddad, & $ahger, 2008), wurde die Stress-
induzierte Kortisolsekretion bei den beiden Gruppetersucht.

Die drei Studien geben Antwort auf folgende FragenWelche Unterschiede in Bezug
auf psychopathologische Charakteristika bestehaschen adipdsen Frauen mit und ohne
BES? 2) Welche Unterschiede im Essverhalten inndgiirichen Umgebung bestehen
zwischen adipésen Frauen mit und ohne BES? 3) €&dbffir die BES spezifische
Zusammenhange zwischen Essverhalten und negativikt An Form von Depressivitat
und Angstlichkeit? 4) Gibt es fiir die BES spezifiscStress-induzierte Veranderungen in
der Mikrostruktur des Essverhaltens, die mit Hungend Sattigungsmechanismen
assoziiert sind? 5) Gibt es eine erhdhte CortisdsSreaktivitat bei adipdsen Frauen mit
BES? Im abschlieBenden Kapitel werden schlie3liehlahplikationen der Befunde fur

Theorie und Therapie der BES zusammenfassend ghigkut
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1.1. Introduction

This chapter will outline the conceptual framewankderlying the present thesis. The

issues addressed here will then be detailed ithtlee following studies.

In section 2, the distinction of obesity from BEDIve addressed, with special regard to
laboratory and naturalistic eating behavior, thedency to eat in response to negative
mood states and restrained eating. A definitiorthef microstructure of eating behavior
will then be given in section 3. The influence &fess on the microstructure of eating as
well as the relation of eating patterns to phygiaal mechanisms in the regulation of
appetite will be described in this section as wediction 4 outlines the impact of stress on
human eating behavior with regard to the role ofchesocial stressors, types of foods
consumed during stress and possible moderatingablas. Furthermore, a biological
pathway through which stress might influence foodake, the HPA axis, will be
described. Evidence for the role of stress as eriggf binge eating in BED will be
reviewed in section 5. A short description of intpot laboratory stressors is given in
section 6. Finally, in section 7, evidence for stutibance in appetite regulation as well as
findings on HPA axis functioning in BED will be newed. Section 8 summarizes the
chapter and gives an outline of the following cleagt

1.2. Distinction of BED from obesity

The core symptom of BED is recurrent overeatindiwoss of control (binge eating) in the
absence of inappropriate compensatory behaviordoaneixtreme dietary restraint.
Diagnostic criteria for BED from DSM-IV (Appendix :BCriteria Sets and Axes for
Further Study) are listed Appendix A. Longitudirgtbidies suggest that binge eating
without compensation in BED leads to weight gaid abesity (Devlin, 2007). Since the
prevalence of BED is higher in overweight populasidhan in the general population and
BED has shown to be associated with a higher BMI alpesity (Fairburn, Cooper, Doll,
Norman, & O'Connor, 2000; Hudson, Hiripi, Pope,,JR.Kessler, 2007; Pike, Dohm,
Striegel-Moore, Wilfley, & Fairburn, 2001), it h&gen questioned whether BED is really
a distinct eating disorder and not just an “epigmeanon of obesity” (Tuschen-Caffier,
2005, p. 138). However, Wilfley et al. already clowed in 2003, that “persons with BED
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are not simply obese individuals with comorbid psstric disorders (...) but are a
distinctive subset of the obese population” (WilflgVilson, & Agras, 2003, pp. S97-S98).
This is assumed on the basis of following reas@usnpared to obese individuals without
BED, obese individuals with BED eat more in laborgt have increased comorbidities
which are accounted for by the severity of bingéngarather than by the degree of
obesity, display more eating pathology (i.e., cltaeating habits, more emotional eating)
and report poorer quality of life, as well as impaént in work and social functioning (for
review, see also Striegel-Moore & Franko, 2008; agtich et al., 2009). Compared to
obese NBED, obese BED subjects furthermore reporeaxlier onset of overweight,
earlier diet attempts and more weight cycling.

1.2.1. Differences in psychopathological charactestics

Obese BED individuals have elevated levels of damd Il comorbitities. Particularly
elevated levels of mood, anxiety and substanceectlaisorders have been reported
(Bulik, Sullivan, & Kendler, 2002; Grilo, White, 8asheb, 2009b; Hudson et al., 2007;
Javaras et al., 2008; Specker, Zwaan, Raymond, &hdil, 1994; Telch & Stice, 1998;
Wilfley et al., 2000; Yanovski, Nelson, Dubbert,Spitzer, 1993a).

Concerning weight and shape concerns and body imiajerbance, which are important
symptoms of eating disorders, BED subjects are eopaipe to subjects with BN and
exhibit higher levels than non-binge eating comstrgior review, see Hilbert, 2005;
Wonderlich et al., 2009).

1.2.2. Differences in eating behavior and eating bés

1.2.2.1. Laboratory eating behavior

Regarding laboratory eating behavior (see Appeldior a review of studies), a higher
food intake of obese BED as compared to obese NBE&D been shown especially in
studies providing big portion sizes or unlimited amts of food together with binge
instructions (Anderson, Williamson, Johnson, & @Geg 2001; Bartholome, Peterson,
Raatz, & Raymond, 2012; Galanti, Gluck, & Geliebt@007; Geliebter, Hassid, &
Hashim, 2001; Goldfein, Walsh, LaChaussee, KidsilgfDevlin, 1993; Gosnell et al.,

2001; Guss, Kissileff, Devlin, Zimmerli, & Walshp@2; Latner, Rosewall, & Chisholm,
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2009; Raymond, Bartholome, Lee, Peterson, & Ra2@f)7; Sysko, Devlin, Walsh,
Zimmerli, & Kissileff, 2007; Telch & Agras, 1996&anovski et al., 1992).

1.2.2.2. Naturalistic eating behavior

Data of naturalistic eating behavior have not cstesitly shown that obese BED
individuals engage in more binge eating episodes thbese NBED individuals: Two
studies (Greeno, Wing, & Shiffman, 2000; Le Gran@erin, & Catley D., 2001) using
ecological momentary assessment (Efdid not find significant differences between
obese BED and obese NBED subjects in self-repdotege eating frequency. Hence, a
more recent study combining EMA with a computerdohdietary recall measure, found
that obese patrticipants with BED exhibited moregbirating episodes than obese controls

(Engel et al., 2009). These mixed results questiervalidity of BED.

1.2.2.3. Emotional eating

Emotional eating describes the tendency to eatspanse to negative mood states in order
to cope with them (Arnow, Kenardy, & Agras, 199%dahas been shown to be more
pronounced in obese BED compared to obese NBEDihdils (Eldredge & Agras, 1996;
Pinaquy, Chabrol, Simon, Louvet, & Barbe, 2003;daiet al., 2009). Besides perceived
stress, emotional eating has also been shown #odmgnificant predictor of BED in obese
(Pinaquy et al., 2003), highlighting the importaméghese two factors in the maintenance
of BED. Regarding the effects of different emotioos eating pathology in BED
individuals, negative- interactional emotions (swshanger, feelings of being hurt, guilt
and disappointment) have reported to be strondatertto binge eating or desire to binge

eat than negative-depressive emotions (Zeeck,etdlinster, Joos, & Hartmann, 2010).

1.2.2.4. Restrained eating

Restrained eating is defined as the tendency tagef®od intake in order to control body

weight (e.g., attempts to follow dietary rules ooi@ special types of foods) (Herman &

! A method for the assessment of daily eating behawiand subjective ratings in the naturalistic settng,
at periodic intervals, often by random time samplirg, using technologies ranging from written diaries
and telephones to electronic diaries and physiolagal sensors (Shiffman, Stone, and Hufford, 2008).
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Mack, 1975; Hilbert, 2005). Because the cognitigatmol over food intake is supposed to
override signals of hunger and satiety, restraieatérs usually eat less than unrestrained
controls. Under certain conditions such as afteolal consumption or when feeling
depressed or anxious, normal weight restrained<satd more than unrestrained controls
(Herman & Polivy, 1975; Stunkard & Messick, 1988).is assumed that under these
conditions there is a disinhibition of cognitiventml| over food intake (Herman & Mack,
1975; Herman & Polivy, 1975). Although restrainedirg is considered to be a risk factor
in the etiology and maintenance of eating disordegseral studies have assessed dietary
restraint in BED and found only moderate restraicires in obese BED which did not
differ significantly from obese NBED (Brody, Wals&, Devlin, 1994; Marcus, Wing, &
Hopkins, 1988; Pinaquy et al., 2003; Wilson, Non&sRosenblum, 1993; Yanovski,
1993). Nevertheless, binge eating in BED might bsoeiated with a general tendency
towards eating disinhibition (e.g., eating in rasg® to emotional or external cues, see
Hilbert, 2005, p. 156). Eating disinhibition hasaim to precipitate binge eating in BED
individuals (Castonguay, Eldredge, & Agras, 1995).

1.3. Microstructure of eating behavior

As compared to total food intake, the microstruetwf eating can give insight in
underlying physiological or cognitive mechanismgulating food intake. This chapter
describes the microstructural approach in measweatimg behavior (1.3.1.) and reviews
evidence for differences in microstructural eatpajterns in BED as compared to obesity
(1.3.2.). Afterwards evidence for stress-induceadngfes in microstructural eating patterns
(1.3.3.) and for an interrelationship between epsityle and appetite regulation (1.3.4.) is

summarized.

1.3.1. Definition and interpretation

Eating behavior can be studied from a macro as ageffom a microstructural perspective
(see Laessle & Lehrke, 2012). The macrostructysplf@ach observes energy intake and
eating patterns over longer periods of time (exgeal patterns over days or weeks). The
microstructural approach (Guss & Kissileff, 200@cudses on intake parameters, or
behavioral patterns of eating, within a single m@ad). eating rate, size and frequency of

spoonfuls), and allows to identify variables, whinay promote excessive caloric intake.
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The behavioral patterns of eating can be relialdgcdbed by the characteristics of
cumulative intake curves (CIC) obtained by an ursgkeating monitor (UEM). The UEM
used in the current research consisted of a plameg on a hidden scale, which records
weight changes every 0.5 seconds. The recordechireigs data can be reliably described
by the CIC: y = ax? + bx +c (Kissileff, ThorntoncBecker, 1982). In the CIC, y is the
amount of food ingested, x is the time, a is thangfe in the slope of the curve over time
which equals change of eating rate (CER), b iscthrestant slope of the curve over time,
which equals the initial eating rate (IER) and @isonstant reflecting food intake at the
start of a meal (Kissileff et al, 1982, Westert®lptenga et al., 1990, see also loakimidis
et al., 2011, p. 762).

According to Kissileff et al. (1982) and Guss & &ileff (2000) IER, reflects facilitatory
physiological or cognitive processes in the regoitabf food intake, which are related to
motivation to eat or hunger. In contrast, CER mfeinhibitory physiological and
cognitive processes which control eating over thealnwhich are related to satiation.
Deceleration at the end of the meal reflects satiaso that less deceleration at the end of

the meal points to less satiation.

1.3.2. Microstructure of eating in BED

While normal weight unrestrained subjects show ldeated cumulative intake curves, the
curves of obese individuals have been charactemther as linear, which means that
there is almost no deceleration at the end of tkalCER close to zero, Westerterp-
Plantenga et al., 1990; Westerterp-Plantenga, W&ut® Hoor, 1990, Westerterp-

Plantenga, Wouters, & Hoor, 1991) or by higher IERessle, Lehrke, & Duckers, 2007).
To date, there are no studies on the microstruchatierns of eating behavior in BED

using cumulative intake curves. There are someietuoh the overall eating rate (total
intake (g)/duration of the meal (s)) in BED, whididl not find differences as compared to
NBED subjects (Geliebter et al., 2001; Telch & Agra996a; Yanovski et al., 1992). The
overall eating rate does not give insight in ungded mechanisms of appetite regulation
and is rather unspecific. Therefore, more detalealysis of the microstructural patterns of

eating in BED is warranted.
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1.3.3. Stress-induced changes in the microstructue eating

Changes in the microstructure of eating behaviotccbe a moderator of the stress-eating-
relationship. It has been found that after an expantal stress induction, normal weight
men and women show less deceleration at the eradroéal as compared to a neutral
condition (Dovey, Clark-Carter, Boyland, & HalfordD09; Frank, 2003). Again, studies
are rare, and there are no studies investigatiggsinduced microstructural changes in
eating behavior of BED individuals.

1.3.4. Impact of eating style on food intake and ggetite regulation

Changes in microstructural patterns of eating saglincreased speed of eating may put
individuals at risk of eating too much (loakimid&andian, Bergh, & Sodersten, 2009). It
has been shown, that eating rate has an impacosiprandial secretion of PYY and GL-
1%. Kokkinos et al. (2010) found that over a perié@b0 min postprandial PYY and GL-1
secretion was higher in individuals who ate 300rel gream in 30 min compared to those

who ate the same amount in 5 minutes.

In the other direction weight loss interventionsntining standard therapy with a training
to slow down eating behavibn obese have shown to improve weight loss andoed
portion-sizes during test meals without reducing tieeling of satiety (Ford et al., 2010;
Galhardo et al.,, 2012) compared to standard theraperestingly, in the study of
Galhardo et al (2012) only individuals who trairtedslow down their eating rate exhibited
changes in gastrointestinal hormone responsesgaténdividuals in the standard therapy
did not. Changes in gastrointestinal hormones dedudecreased orexigenic responses in
terms of fasting and postprandial ghrelin (an intgatr signal for hunger, which is secreted
by the mucosa of the empty stomach) as well agasad anorexigenic responses in terms
of fasting and postprandial PYY.

2 Peptide tyrosine-tyrosine (PYY), glucagon-like pefide-1 (GL-1) and cholecystokinin (CKK) are
short-acting (for instance throughout the day) andanorexigenic intestinal peptides which are thought
to act as postprandial satiety signals (Galhardo el., 2012; Chaudhri, Field, and Bloom, 2008).

% The intervention to slow down eating rate was pedrmed with a Mandometer (loakimidis, Zandian,
Bergh, and Sodersten, 2009). The Mandometer is a thed for the control of eating rate based on
UEM, which gives subjects feedback from a computescreen on how much and at what rate to eat
during a meal.
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1.4. The stress-eating-relationship

This chapter reviews evidence of the stress-eatélgtionship in humans. Firstly, it
describes how stress can alter total food intakiehanv stress can promote consumption of
nutrient dense, so-called “palatable” foods. Sebgntis discussed how the physiological

responses to stress may interact with processet/et/in appetite regulation.

1.4.1. Effect of stress on eating behavior

Stress can be associated with overall increaseteisas decreased food intake (Adam &
Epel, 2007; Macht, 2008; Stone & Brownell, 1994heTspecific outcome can differ
according to the nature of the stressor (physicadsychological), specific types of food,
individual differences as well as the duration lod stressor (acute or chronic see 1.4.2))
(Adam & Epel, 2007).

While psychosocial stressdrsuch as ego-threatening, interpersonal and wdakec
stressors have shown to be associated with inaestsacking, physical stressors have
found to be associated with decreased snackingof@@, Jones, Conner, McMillan, &
Ferguson, 2008).

Stress has been shown to increase intake of mdaapke or easily consumed foods like
shacks, fast foods, high-fat and high-sugar foauglifferent study populations when
assessed via self-reports (Oliver & Wardle, 1980 A (Conner, Fitter, & Fletcher, 1999;
O'Connor et al., 2008; Steptoe et al., 1998) as agehfter experimental stress-induction
(Habhab, Sheldon, & Loeb, 2009; Zellner et al.,@0@ellner, Saito, & Gonzalez, 2007).
Furthermore, several studies show that stress teaglating patterns that are characterized
by a decreased food intake in main meals but ameased between-meal food
consumption or snacking (Conner et al., 1999; Ofooret al., 2008; Sims et al., 2008).
For example, in a study of O'Connor (2008), daigsies were not only associated with
increased consumption of high-fat and high-sugarclss but also with a concomitant

reduction in main meals and in vegetable consumptio

* Psychological stress exerts physiological, behavéh, and/or verbal-subjective stress responses as a
result of stressful social interactions, which ofte involve social-evaluative threat (in contrast tcstress
responses provoked by physical exertion or pharmadmgical stimulation) (Kudielka & Wust, 2010).
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There are some 'individual differences’ (Greeno &ndV 1994) that moderate the

relationship between stress and eating. It isaliffito determine their individual impact on

the stress-eating relationship, because theseiddil differences are interrelated. For
example, women are more likely to be restrainedels as emotional eaters (van Strien,
Frijters, Bergers, & Defares, 1986) and restraieaters are more likely emotional eaters
(see O'Connor & Conner, 2011). A study investigatime effects of multiple moderators

simultaneously of O'Connor (2008) found that theshes-snacking relationship outlined
above was stronger and more positive in femalesseland participants with higher levels
of restraint, emotional eating and external eatidgnong all moderator variables,

emotional eating was the preeminent moderatorehtssles-eating relationship.

Taken together, the results suggest that peopleaapp use eating palatable foods as
coping mechanism (Laitinen, Ek, & Sovio, 2002). Simay contribute to excess energy
intakes and weight gain, which is supported by iainal studies. This suggests that
there is an association between chronic life staeskfuture weight gain (Kivimaki et al.,
2006; Mellbin & Vuille, 1989).

1.4.2. Biological stress responses and food intake

Biological responses to stressors can be dividetivon important patterns: The "active
fight and flight" pattern is induced by activatiaf the sympathetic-adrenomedullary
(SAM) system followed by a secretion of adrenalarel noradrenaline. The "passive"
pattern is a result of Hypothalamic-Pituitary-Adaen(HPA) axis activation and the
consequent cortisol secretion (Adam & Epel, 2000rrds & Nowson, 2007). The
activation of the HPA leads to the secretion ofticotropin releasing hormone (CRH)
from the hypothalamus, which stimulates the pityitto release the adrenocorticotropic
hormone (ACTH). After ACTH is released into the dup it triggers the adrenal gland to
release glucocorticoid (GC) hormones, especiallyism, with a negative feedback of the
latter on the other two (see Dallman & Hellhamn&&]11). GCs promote the fast release
of energy. In the presence of low insulin concditrns, GC are catabolic on tissues high
in protein and fat, which leads to increased ansicids and free fatty acids which can be
used for glucose production in the liver. Furthereo they directly promote
gluconeogenesis in the liver. Thus, GC "serve arkbyin providing the essential glucose”
(Dallman & Hellhammer, 2011, p.14).
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Whereas noradrenaline and CRH have been reporteduppress appetite, cortisol
stimulates appetite during recovery from stressrig® & Nowson, 2007). There is
evidence, that cortisol affects appetite regulatwoa inhibition of leptin (which is

expressed in adipose tissue and inhibits food @)takd stimulation of neuropeptide Y
(NPY), one of the most potent central appetite skamts known (Gutzwiller & Beglinger,

2005; Torres & Nowson, 2007).

The characteristics of the stressor determine, lwlo€ the two stress systems is
predominantly activated. Activation of the SAM syst typically occurs under conditions
of acute, short-time stress (Cohen, 2000). On thetrary, chronic stress has been
associated with hyper-activation of the HPA axig(Btorp, Holm, Rosmond, & Folkow,
2000). The appraisal of the stressor is also obmamce in determining which of the stress
systems will be activated over the other: If theesdor is regarded as ‘challenge’ (a
demanding but controllable situation, which one thesresources to cope with (Adam &
Epel, 2007), the SAM system is activated. If theesdor is perceived as 'threat' (an
uncontrollable, "demanding, situation that one hasthe resources to cope well with",
Adam & Epel, 2007, p.451), the HPA axis is differalty activated.

1.5. Important laboratory stressors

Consistent with the theoretical considerations abaw meta-analysis has shown that
laboratory stressors that combine uncontrollabditygl social-evaluative components were
associated with the largest cortisol and ACTH harenchanges (Dickerson & Kemeny,
2004). The social-evaluative component includesthineat of being negatively judged by
others. There are two stress protocols, both ahthsed in the current research, that have
been shown to produce significant cortisol respsndee Trier Social Stress Test' (TSST,
Kirschbaum et al., 1993) and the 'socially evalda&i@d pressor test' (SECPT, Schwabe et
al., 2008). The TSST contains a stress anticipgbivese and a stress phase with a free
speech assignment and subsequent performance ehtlnarithmetic. These tasks are
performed in front of two clinical research membaerkile participants are under the
impression of being videotaped for subsequent heta\analysis. In the SECPT, subjects
are asked to immerse their right hand includingwhist into ice water (0—4 °C) as long as

possible. While doing so, they are watched by gresmenter all the time. Additionally,
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as in TSST, they are under the impression of beiteotaped for subsequent analysis and
asked to look into the camera all the time.

1.6. Triggers for binge eating in BED

This chapter briefly describes psychological the®mn the maintenance of BED (1.6.1.).
Afterwards evidence for the role of negative aff¢ti6.3.) and stress (1.6.4.) in the
initiation of binge eating episodes in BED is sumzed. Since studies on restrained
eating are reviewed in chapter 1.2.2.4., they atsummarized again.

1.6.1. Psychological models of binge eating in BED

Current psychological models of initiation and meaimance of binge eating in BED are
mostly derived from BN (Munsch, Meyer, Quartier, \&ilhelm, 2012). Thereby, these
theories mainly focus on the role of restrainedngatnd negative affect. According to the
restraint theory of BED (for review, see Howard &r&elius, 1999), the desire for thinness
leads to unrealistic dietary restraint, in whichrmal hunger and satiety regulation is
replaced by cognitive control mechanisms. The dognicontrol can be interrupted by
events such as disobeying a dietary rule, resuitirgdl or nothing thinking and consequent
overeating (abstinence violation effect). Disintidn hypothesis (Herman & Mack, 1975;
Herman & Polivy, 1975) states that the self contfolestrained eaters can be temporarily
released by disinhibitors like specific cognitiorg¢ohol or strong emotional states or
stress. According to the affect regulation modediKins & Clement, 1984) binge eating
episodes are triggered by negative emotions. Thagtibn to reduce negative affect by
using food for "comfort and distraction” (Haedt-M&t Keel, 2011c, p. 2), when more
adaptive coping mechanisms are not accessibleurin binge eating is hypothesized to
provide temporary relief from negative affect, fencing the behavior. The affect
regulation model proposes that negative affect lshingrease before binge eating and that
binge eating is associated with a decrease in ivegaffect (Haedt-Matt & Keel, 2011c).

A model that integrated these two mechanisms igltte¢ pathway model of Stice (1994,
2001). In this social cultural model of bulimic l@efour in BN it is proposed that body
dissatisfaction leads to binge eating through tathyays, from which either is sufficient:

In the restraint pathway, body dissatisfaction Itssa dietary restraint as a weight control
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technique. Dietary restraint in turn is hypothedipgoduce overeating for metabolic as
well as psychological reasons (Polivy and Herm&851 van Strien, Engels, van Leeuwe,
& Snoek, 2005). In the pathway of negative affeotly dissatisfaction is suggested to lead
to negative emotions, such as depression. In hinge eating is hypothesized to reduce

negative affect as stated by affect-regulation rhode

There are no models which explicitly include thkeraf psychosocial stress in BED.

1.6.2. The role of negative affect

Negative affect was investigated more frequentintbtress as a possible trigger for binge
eating episodes in BED. Different study approadm@ge shown, that negative affect is
"presumably the most well-established antecedebingje eating in BED" (Hilbert, 2005,
p.156).

Studies in the natural environment using EMA havews that negative affect preceded
binge eating in individuals with BED but not in bt matched controls (Greeno et al.,
2000; Le Grange et al., 2001) and that mood wasglgwior to binge eating than prior to
regular eating episodes (Greeno et al., 2000).canemeta-analysis (Haedt-Matt & Keel,
2011a), analyzing 36 EMA studies with BED as wsIB& participants showed that above
all studies, negative affect was a significant preor of binge eating. Also experimental
studies highlight the importance of negative affieceliciting binge eating episodes. For
instance, negative mood induction significantlyreased the occurrence of self-defined
binges as well as investigator-defined binges lmiatory in individuals with BED (Agras

& Telch, 1998). Furthermore, negative affect foliogr mood induction was associated
with feeling of loss of control and shifted the @sption of an eating episode from
overeating to binge eating (Telch &Agras, 1996aggative affect might therefore be an

important factor that discriminates overeating himgje eating in BED.

1.6.3. The role of stress

It is well known that environmental stressors amdydhassles are associated with the
symptom of binge eating in humans (Mathes, Brownky, & Bulik, 2009; Rosenberg et
al., 2012). Not only is stress associated withithigation of binge episodes, but it also

increases the reinforcing efficacy of foods thag& aommonly binged upon (Goldfield,
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Adamo, Rutherford, & Legg, 2008; Greeno & Wing, 48%ighlighting the importance of
its investigation in BED.

For bulimia nervosa, it has been experimentallywshthat psychosocial stressors induce
an increased desire to eat (Cattanach, Malley, &ilR01988; Hilbert et al., 2011,
Tuschen-Caffier & Vogele, 1999; Tuschen-Caffier020and that the desire to binge is
specifically linked to interpersonal stress as caragd to achievement stress (Hilbert et al.,
2011; Tuschen-Caffier, 2005).

In contrast, experimental data for BED are raretha study of Hilbert et al. (2011),
induction of idiosyncratic interpersonal stressréased the desire to binge eat in
individuals with BED as well as in individuals witBN. Additionally, another study
showed that after a cold pressure test (CPT), oB&de participants reported greater
levels of hunger and desire to binge eat when coedpwith obese NBED patrticipants
(Gluck, Geliebter, Hung, & Yahav, 2004). Concordgnperceived stress has been shown
to emerge as significant predictor of BED statusobbese BED and NBED subjects
(Pinaquy et al., 2003). Together, these findingstpowards the importance of stress as a
triggering factor for binge eating episodes in BERhough further studies are needed to

confirm the limited evidence.

1.7. Satiety regulation and HPA axis functioning irBED

Disturbances in satiety regulation as well as dystions of the HPA axis are prominent
explanations for the aberrant eating pattern in BERIs chapter firstly reviews evidence
for a disturbance in the perception of hunger aatiety as well as their biological
correlates in BED (1.7.1). Secondly, it summarigiedings on HPA axis functioning in
BED (1.7.2.) hypothesizing that a hyperactivity thie HPA could be a moderating

biological mechanism.

1.7.1. Evidence for a disturbance of appetite regation in obese BED

There is evidence for a disturbance in the peroepif hunger and/or satiety in individuals
with BED. Anderson et al. (2001) and Geliebterle{2001) found that obese women with
BED, although eating more than obese controls,ndidfeel more satiated. Sysko et al.

(2007) found that although subjects with BED did experience greater levels of hunger,
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they consumed more macaroni and cheese in labgraidso, BED subjects consumed
more food to reach a similar level of fullness. &e$ al. (2002) found that only BED
individuals eat more when instructed to binge eatampared to the instruction to eat
normal, which implies that they might not regul#teir intake according to internal cues

of hunger and satiation.

Biological studies found correlates in individualgh BED which are related to increased
hunger, such as reduced serotonin transporterrgn@adden, Foster, Letizia, & Wilk,
1993) and increase of the regional cerebral bldoa fn the left hemisphere under food
exposure (Karhunen et al., 2000). Also increasedldeof the orexigen peptide ghrelin
have been hypothesized in individuals with BED cémtrast to this assumption, fasting
ghrelin levels of obese BED have been reportedet@\en lower compared to controls
(Geliebter, Gluck, & Hashim, 2005, Geliebter, Hash& Gluck, 2008; Monteleone et al.,
2005). Because ghrelin values in BED have showrotmalize after a combined cognitive
behavior and dietary intervention, the lower fagtyhrelin prior treatment in BED suggest
that binge eating may downregulate ghrelin (Gediekt al., 2008), possibly as an attempt
of the body to prevent further binge eating. Binggting despite low ghrelin levels
suggests that ghrelin might not function as sidaaimeal initiation any more. Although
also postprandial levels of ghrelin are reportedb@olower in overweight or obese BED
compared to NBED controls (Geliebter et al.,, 20Q®liebter et al., 2008; Munsch,
Biedert, Meyer, Herpertz, & Beglinger, 2009), gimehas been found to decline
significantly less postprandially in obese BED induals compared to obese controls
(Geliebter et al., 2005, Geliebter et al., 200Bhne assumes that the magnitude of the fall
in ghrelin may itself be a signal for satiation (Bleter et al., 2005), the smaller decline in

ghrelin could contribute to overeating in BED.

Other studies have suggested a decreased satsgignse in BED: A higher gastric
capacity in obese binge eaters as compared to NiBEDiduals has been reported by
Geliebter et al. (2004). As gastric capacity isréased, satiety signals from gastric and
post-gastric areas are reduced (Hellstrom et @042 On the contrary, similarly to
ghrelin, baseline levels of gastrointestinal sgtigéptides such as PYY and CCK have
been reported to be similar in obese BED as comp@ar®bese controls (Geliebter et al.,
2008; Munsch et al., 2009). Concerning meal-relatednges of CCK and PYY, no
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differences (Geliebter et al., 2004) or a higherease of CCK and PYY (Munsch et al.,
2009) have been found. As the authors concludexbetiesults may indicate "an initial
effort of the system to prevent BED individualsnirdbinge eating (...) [which] might be
overwhelmed by the experience of the urge to biege by means of deficient self-

regulatory processes" (Munsch et al., 2009, p.20).

1.7.2. HPA axis functioning in BED

Studies on HPA axis functioning in BED are rare anconclusive. In the following
section, results from different study approachessaimmarized. Studies on basal cortisol
levels (1.7.2.1.) and stimulated cortisol levels7(@d.2.) give mainly insight in adrenal
functioning in BED, whereas the dexamethasone sggpmn test (DST) investigates the
functioning of the whole HPA axis (1.7.2.3.). Fuatimore, correlational data (1.7.2.4.) are
described, which do not allow specific conclusiondHPA axis functioning in BED. Since
results are inconclusive, further studies are neéddeclarify the role of the HPA axis in
BED.

1.7.2.1. Studies on basal cortisol levels in BED

Results on basal cortisol levels in BED are mixgtlick et al. (2004) found higher basal
fasting cortisol levels in the morning in obese veonmwith BED compared to obese
women without BED. In contrast, another study fowmaddifferences in morning cortisol
levels between corresponding groups (Monteleorad.eP003). In both reported studies,

there was only a single measurement of morningsabrt

1.7.2.2. Cortisol stress reactivity in BED

Gluck et al. (2004) investigated the cortisol resm of obese women with and without
BED after a cold pressor test (CPT). They founterafontrolling for contraceptive intake
and area under the curve (AUC) for insulin, a nesignificant higher increase in cortisol
levels for the BED compared to the NBED group (AgG; 0,057).

1.7.2.3. Feedback-mechanisms of the HPA-axis in BED

To the best of the writer's knowledge, there aréy dwo studies who applied the
dexamethasone suppression test (DST) in partigpaith BED (Gluck et al.,, 2004;
Yanovski et al.,, 1993b). Both studies found noatd#hces in cortisol suppression after
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dexamethasone administration between obese wontkramd without BED. Compared to
basal cortisol levels, Gluck et al. (2004) founstranger relative decrease in cortisol levels

in the BED group. Both studies applied the regdi@se of 1 mg dexamethasone.

1.7.2.4. Correlative findings

There is evidence for a positive correlation betwsevereness of BED, measured by the
Binge Eating Scale (BES, Gormally, Black, DastorR&rdin, 1982), and cortisol levels in
the evening in obese women with BED (Coutinho, NtareSpagnol, & Appolinario,
2007). This might point towards a disruption of tm@mal circadian rhythm of cortisol

secretion by binge eating episodes which leadghbdricortisol levels in the evening.

1.8. Aims of the study

Based on the conceptual framework outlined abdwe féllowing studies aim to further
contribute to the validity of BED and to supporetkignificance of factors included in
psychological as well as biological models of BED.

Chapter 2 presents results referring to the validit BED diagnosis by discriminating
obesity with BED from obesity without BED regardiegting in the natural environment,
psychiatric comorbidity, negative affect as well ssf reported tendencies in eating
behavior. Evidence for affect regulation model aastraint theories of binge eating in
BED is investigated by analyzing associations ofatee affect, emotional eating,

restrained eating and caloric intake in obese B&bpared to NBED controls.

Chapter 3 provides experimental data on the impdce psychosocial stressor on
microstructural patterns of intake in BED as corepato obesity. Changes in objective
parameters that reflect motivation to eat (hungenvell as inhibitory processes (satiation)
are investigated. Additionally, self-reported pgtoens of hunger and satiety are
investigated. Chapter 4 investigates changes@ssinduced cortisol secretion as possible
mechanism of stress-induced changes in eating . BE

Chapter 3 and 4 aim to investigate possible maamea factors of BED which are
included in the following hypothetical model (segufe 1): Stress changes the

microstructural eating patterns (i.e., higher IE#&s deceleration at the end of the meal)
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specifically in obese women with BED. This relasbip is moderated by stress-induced
changes in cortisol levels (higher stress-reagtioftthe HPA). Microstructural changes in
eating promote increased food intake or binge gatwwhereas this relationship is
moderated by disturbances in the regulation orgmien of hunger and satiety signals,

which in turn lead to increased food intake or kiegting.

Psychosocial Stressors

Increased cortisol
secretion

Food intake with the following
microstructural characteristics:

® increased initial eating rate
® less deceleration at the end
® bigger size of spoonfuls

® higher frequency of spoonfuls

Disturbances in
satiety regulation

Increased food ntake,
Binge eating

Figure 1: Hypothetical model of stress-induced eating in BED
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2.1. Abstract

The present study was planned to investigate éifi@es in psychopathological features,
eating behavior and eating habits between obeseewomith and without BED. It also
aimed to identify specific relationships betweefeetive symptoms and eating behavior in

obese women with BED.

84 obese women were studied (40 with BED, 44 NBHEHI)chiatric comorbidities were
assessed with the structured diagnostic interview DSM IV (SCID). Depressive
symptoms were measured with the Beck Depressicentovy (BDI) and anxiety with the
state-trait anxiety inventory (STAI). Eating habfesmotional and restrained eating) were
assessed by the Dutch eating behavior question(@iBQ). Food diaries were used for

assessing naturalistic eating behavior (food intakel mood before and after food intake.

BED subjects exhibited higher levels of comorbidityparticular mood disorders, anxiety
disorders and substance-related disorders), higegressive symptoms, trait anxiety,
external and emotional eating scores than NBEDesthj Regression analyses revealed
that anxiety and emotional eating were signifigargdictors for BED status. In the BED
group, depressive symptoms were significantly eeldb emotional eating and food intake
and negatively related to restraint. Anxiety waggicantly related to emotional eating. In
general, food intake significantly enhanced moodoMwas worse on the days with self-

reported binge eating episodes than on nonbinge day

These results are discussed with regard to eticdbgnodels for BED and for BED being a

distinct diagnostic category separate from obesity.

2.2. Introduction

Binge eating disorder (BED) is associated with d@gesCommunity surveys have
estimated the prevalence of BED between 2 and %foverweight women seeking
treatment the prevalence is about 30% (Spitzel,e1$03a; Stunkard, 1959).

A number of studies have investigated charactesisassociated with binge eating

disorder. Regarding comorbidity, most studies foumgher levels of lifetime Axis |
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comorbidity in individuals with BED than in NBED dividuals (Bulik et al., 2002; Grilo
et al., 2009b; Hudson et al., 2007; Javaras e2@08; Specker et al., 1994; Telch & Stice,
1998; Wilfley et al., 2000; Yanovski et al., 1993&yhereas studies comparing non-
treatment seeking obese BED and NBED individuaés warderrepresented (Bulik et al.,
2002; Yanovski et al.,, 1993a). Therefore, one aimowar study was to compare the
psychiatric comorbidity of a non-treatment seeksagmple of obese women with BED
with NBED controls.

There is a discourse about whether BED is a clilpiGagnificant condition in terms of
disordered eating. It is questioned whether BEDJiginct from typical obesity or if
individuals with BED do not eat differently than abese control group but simply express
more distress about the same eating patterns. Beaduts importance for the validity of
the BED construct, another aim of the study wasvestigate eating behavior (in terms of
emotional and restrained eating and naturalistimgdoehavior) of obese BED compared
to NBED individuals.

To date, little is known about the mechanisms dgvihe binge eating in BED. Theories

have mainly focused on the role of negative aféaxt restraint in BED.

According to the restraint theory of BED (for rewviesee Howard & Porzelius, 1999), the
desire for thinness leads to unrealistic dietarstraent. Hence, binge eating occurs to
compensate for the excessive nutritional deprivati®sychologically the inevitable

violation of extreme restraint heightens negativ@d) activates all-or-none thinking and
disinhibits attempts to control what one eats whittimately leads to a binge eating

episode (abstinence-violation effect, Grilo & Shi#fn, 1994).

Assuming that restraint is the cause for bingengabiehavior, persons with BED should
have moderate to high scores on measures of dietatsaint and the scores should be
higher than in individuals without binge eating lplems. Several studies have assessed
dietary restraint in BED. Most of them found onlpderate restraint scores which did not
differ significantly from NBED controls (Marcus etl., 1988; Masheb & Grilo, 2000;
Pinaquy et al., 2003; Wilson et al., 1993; Yanoydi93; Yanovski & Sebring, 1994;
Zwaan, 2001).
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Affect-related models derived from BN (i.e. thedwaoff theory Kenardy et al., 1996,
escape from self-awareness model Heatherton & Batenel991, masking theory Polivy
et al.,, 1988) propose that in individuals with BEfere should be a tendency toward
overeating in response to negative emotions inrdmeope with them, which is referred

to as emotional eating (Arnow et al., 1995).

Yet, little is known about the relations among regthabits (in terms of emotional and
restrained eating) and negative affect (in termarofiety and depression) in BED as well
as about the associations of these variables wditnge behavior in a naturalistic
environment. Notwithstanding, these relations arpartant to understand the mechanisms

driving binge eating in BED.

The present study was designed to answer the foltpguestions: 1) Which differences in
psychopathological features exist between obeseamnomith and without BED? 2) Which

differences in eating behavior and eating habitstexetween obese women with and
without BED? 3) Are there specific relationshipsveen affective symptoms and eating

behavior in the obese women with BED?

2.3. Materials and Methods

2.3.1. Participants

The sample consisted of 84 obese female partigp@ill higher or equal to 30 kg/m?)
who were recruited via advertisement in newspafmra larger study on stress induced
laboratory eating (Laessle & Schulz, 2009), offgritDO€ for participation. 257 women
applied for the study. 84 of these women did notiggpate because of time limitations or
personal reasons. 88 women were excluded becaagentbt the following exclusion
criteria: (a) age out of the established range&®#8 (n = 9), (b) BMI < 30 (n = 31), (c)
bulimic behaviors or EDNOS other than BED (n = @) gastrointestinal disorders,
thyroid disorders without medical substitution éher medical issues influencing weight
or eating behavior (n = 41). These criteria werecg&led by a physician in a general
hospital in Trier, where all interested particigmonhderwent a medical examination before

taking part in the study.
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For the diagnosis of binge eating disorder the Garrrersion of the structured diagnostic
interview for DSM IV (SKID-I, Wittchen, WunderlichGruschwitz, & Zaudig, 1997) was
carried out by a research psychologist. Accordmthis procedure, 44 obese women were
assigned to the NBED and 40 to the BED group. @ BED group, 8 individuals had a
subthreshold variant of BED, defined as having aimium of one binge episode per
month, while fulfilling all other DSM-IV criteriaKriederich et al., 2007; Striegel-Moore et
al., 2000).

The BED and the NBED group did not differ signifitiy concerning mean age (BED
31.9 + 7.9; NBED 34.4 + 8.8), mean weight (BED 204.15.1, NBED 105.5 + 17.1),
mean height (BED 170cm £ 10, NBED 170cm + 10), BBED 36.7 + 5.2, NBED 36.9 +
5.9) and % body fat (BED 37.6 + 8.7, NBED 37.4 @)8.

2.3.2. Materials

Depressive symptoms were assessed with the Gerexaion of the Beck Depression
Inventory (BDI-Il, Beck & Steer, 2006). Trait ankyewas assessed using the trait scale of
the German version of the state-trait anxiety inegn(STAI-T, Laux & Schaffner, 1981).
Eating habits (emotional and restrained eating)evasmsessed using the emotional eating
and restrained eating scale of the German versibrthe Dutch eating behavior
guestionnaire (DEBQ, Grunert, 1989; van Strien.etl886).

For the naturalistic eating behavior, participactsnpleted food diaries on two days at
intervals of two weeks. On one day, there was @sstinduction with the Trier Social

Stress Test (TSST, Kirschbaum et al., 1993) inntlwening. The TSST is a standardized
protocol to induce social stress and has been showsrovoke psychobiological stress
responses. On the other day, there was a neutrditiom (reading magazines for the same
time as the TSST lasts) in the morning. In the fdadies, food intake was recorded from
approximately ten o’clock in the morning until teied of the day. The participants did not
have breakfast before starting the food diariesatMiatake (in KJ) was calculated using a
professional german nutrition software (EBISpraydtd, 2008) for the stress day and for
the neutral day. In addition the mean value of éhdays was calculated. Mood was

assessed directly prior to and immediate after dactl intake on 100mm visual analog
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scales (VAS), with higher values indicating bettewod. The repeated measure of mood
allows to investigate changes in mood after foddke.

This study was reviewed and approved by the ettuoamittee of the University of Trier.

2.3.3. Data analysis

Comparisons between BED and NED groups for the SGi&¥iables used chi-squared (or
Fisher exact where cell sizes were small) testimg) d-tests. Bonferroni adjusted alpha
levels were applied. A multivariate analysis ofi@ace (MANOVA) was conducted to
compare the means of the two groups (obese BEDpgwsu obese NBED group) on
depression, anxiety and eating habits. For unitepast tests, the Bonferroni was adjusted
to an alpha level gh < 0.01. The statistical power for the MANOVA, assughanmedium
effect size, was .95. Correlation analyses weradgaied using Pearson correlation. All
analyses were carried out using the Statisticakdge for the Social Sciences (SPSS
Statistics 17).

2.4. Results

2.4.1. Structured Clinical Interview for DSM-1V

In the BED group there were significant more addiél diagnoses than in the NBED
group (U-testp < .01). Compared to the NBED group, the BED groupeaéed more
mood disorders (U-tesp < .01), more anxiety disorders (U-tegt,< .01) and more
substance-related disorders (U-tgsts .05YF. Frequency of additional lifetime DSM-IV
Axis | diagnosis in the BED and NBED group are de&g in table 1. Particularly, more
participants in the BED group had lifetime Majorfddessive Disorderf-test,p <.01).

> Author’'s note: When applying the Bonferroni adjustealpha of .0125, this difference was only
tendentially significant (see table 1).
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Table 1 Frequency of additional lifetime DSM-IV Axis lafjnosis in the BED and NBED
group

NBED BED Chi2

(n=43) (n=41) P- Value
at least one additional disorder 20 (46.5%) 34 (82.9%) 0.000*
at least one mood disorder 14 (32.6%) 26 (63.4%) 0.004*
at least one anxiety disorder 14 (32.6%) 26 (63.4%) 0.004*
at least one substance use disorder 2 (4.7%) 9(22%) 0.019
Major Depressive Disorder (MDE) 14 (32.6%) 25 (61.0%) 0.008**
Dysthymia 1 (2.3%) 4 (9,8%) 0.16
Depressive Disorder NOS (DDNOS) 1 (2.3%) 1 (2.4%) 0.74
Panic Disorder 4 (9.3%) 8 (19.5%) 0.15
Specific Phobia 7 (16.3%) 16 (39.0%) 0.018
Social Phobia 3 (7%) 3 (7.3%) 0.64
Generalized anxiety disorder (GAS) 2 (4.7%) 2 (4.9%) 0.67
Post Traumatic Stress Disorder (PTSD) 3 (7%) 6 (14.6%) 0.22
Obsessive-compulsive disorder 1 (2.3%) 1 (2.4%) 0.74
Alcohol use or dependence 1 (2.3%) 6 (14.6%) 0.048
Illicit drug abuse or dependence 1 (2.3%) 6 (14.6%) 0.048
Somatoform disorders 1 (2.3%) 5 (12.2%) 0.09

*significant on the Bonferroni adjusted alpha df26
**significant on the Bonferroni adjusted alpha 017
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2.4.2. Depressive symptoms, anxiety, eating habasd naturalistic eating
behavior

The data for depressive symptoms, anxiety and g&tabits are depicted in table 2. The
overall MANOVA was significant testing all varialslesimultaneouslyR; 75 = 8.04,p <
.001). Obese women with binge eating disorder wageificantly more depresse&i(;9 =
11,08,p < .001) and experienced significantly higher levdlauaxiety 179 = 16.07,p <

.001) than women without binge eating disorder.

Concerning eating habits, obese women with bingegalisorder scored higher on
emotional eatingH; s> = 35,69,p <.001), whereas no significant differences wereaetk

for the dietary restraint scale.

To identify the most important factors associatethwhe presence of BED two logistic
regressions considering the presence of BED aslépendent categorical variable were
conducted. The first one was performed on the iaddent variables depressive symptoms
and trait anxiety. Only trait anxiety emerged aggicant predictor of BEDR2=.22,p <
0.01). The second one was performed on the independariables assessing eating
behavior (restrained eating and emotional eatikghotional eating emerged to be of
predictive value for BEDR?= 0.32,p < 0.01).

Data of the three measures of naturalistic eatilgabior are depicted in table 1.2. The
overall MANOVA testing all variables simultaneoushas significant F, 73 = 6,00,p <
.01). Woman with BED consumed significant more f¢gd) on the day after the neutral
condition €174 = 6.75,p < .05), after the stress conditioR;(;4 = 8.15,p < .01) and on
average of the two day&74 = 12.06,p < .001). In general, they reported significantly
more binge eating episodes (U-Tgstg< .01). In order to test the influence of mood, an
ANOVA with mood prior to food intake as dependerdrigble was conducted for
BED/NBED and binge eating over the day (yes/noy. ath groups, mood prior to food
intake was significantly worse on days with selpaded binge eating compared to
nonbinge daysH; 77 = 6.9,p <.01). Mood before intake did not differ betweenug® and
the interaction effect was not significant. Foothke significantly enhanced moaid; € so

= -.4283,p <.001). Changes in mood did not differ between tlueigs or between binge
and nonbinge days.
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Table 2: Depressive symptoms, anxiety, eating habits andralgstic eating behavior
(Means, standard deviations and p values) for 88 Bnd NBED group

NBED BED F-Test

n=43 n=41

Mean SD Mean SD p
Depressive symptoms (BDI) 10.9 9.4 18.2 10.2 .001*
Anxiety (STAI)! 41.6 11.5 51.8 11.2 < .001*
Emotional Eating 27.0 7.5 36.9 7.6 <.001*
Restrained Eating 28.8 7.1 27.8 6.8 .615
food intake on the neutral day? 7517.92 3417.72 9841.17 4346.69  .011*
food intake on the stress day? 7377.25 257198 9694.58 4329.56 .006**
average of both days? 744758 2146.80 9767.87 3544.35 001**
mood prior to food intake 4.31 .81 4,52 .73
on binge day
mood prior to food intake 5.08 .70 4.78 .81

on nonbinge day

''n =42 in the NBED group and n = 39 in the BEDugrdor these variables
2n =39 in the NBED group and n = 38 in the BEDur for these variables
*significant on the Bonferroni adjusted p level.ol

** significant on the Bonferroni adjusted p levél.6.017

2.4.3. Relation of depressive symptoms, anxiety ameting habits in BED

In the BED group depressive symptoms were sigmificalated with restrained eating=
-52, p < .001) but not with emotional eating € .27, n.£). In the NBED group,

depressive symptoms were significantly relatednmteéonal eatingr(= .47,p < .01) but

® Author’s note: The p value was lower than .1 whichn be regarded as tendentially significant.
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not with restrained eating € .08, n.s). In both groups, anxiety was signifibarelated to
emotional eating (for the BED group= .34,p < .05, for the NBED group = .53,p <
.01). There was no significant correlation betwaariety and restrained eating in the two

study groups.

To determine whether the relationships between edspre symptoms and restrained
eating or between depressive symptoms and emotieatthg differed significantly
between the BED and NBED group, two models of maidel linear regression were
tested. Restrained eating and emotional eatinggotisply was used as dependent variable
and depression, BED/NBED group and the interactesm (depression x BED/NBED
group) as the factors of the analysis. For restchgating, the interaction term depression x
BED/NBED group was a significant factop < .01) exhibiting that the link between
depressive symptoms and restrained eating diffdyetiveen the two groups. The
interaction term was not significant for emotiorating as dependent variable, suggesting
that the relation among depressive symptoms andtienab eating did not differ

significantly according to the presence of BED

2.4.4. Relation of depressive symptoms, anxiety anthturalistic eating
behavior

In the BED group but not in the NBED group, depi@ssvas significantly related to
caloric intake after stress € .37,p < .05 vs. t = .03, n.s.). In a subsequent moderated
linear regression model with caloric intake afteess as dependent variable the interaction
term depression x BED/NBED group was tested. The® a tendency for a stronger link
between depressive symptoms and intake after streke BED group than in the NBED
group p = .065).

Anxiety was significantly related to caloric intal#ter stress in the whole study group=(
.23, p < .05) but not in the BEDr(= .26, n.s.) or NBED subgroups £ -.06, n.s.). In a
moderated linear regression model, the interadkom anxiety x BED/NBED group was

tested (with caloric intake after stress as depeindariable). There was a tendency for a

" Author’s note: In a respective analyses with emat eating as dependent variable, the interacti@ir
axiety x BED/NBED group was not significant (p =12).
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stronger link between anxiety and intake afterssti@ the BED group than in the NBED
group o = .065).

2.5. Discussion

Major findings are as follows: 1) As expected, tBED subjects in our population

exhibited higher levels of comorbidity (in partiaulmood disorders, anxiety disorders and
substance-related disordesge footnote | higher depressive symptoms, trait anxiety,
external and emotional eating scores than NBED estdj Among these variables,

regression analyses based on correlational da&alexy that anxiety and emotional eating
were significant predictors for BED status. 2) he tBED group, depressive symptoms
were not® significantly related to emotional eating. Theatinship between depressive
symptoms and restrained eating differed signifigaoétween the two groups according to
the presence of BED. Only in the BED group, depvessymptoms were negatively

related to restraint. 3) In the BED group, depressiymptoms were significantly related to
food intake on the stress day. This relationshigléel to be stronger in BED than NBED.
4) Anxiety was significantly related to emotionaltieg. The relationship between anxiety
and food intake on the stress day also tended tstrbager in the BED group. 5) Food

intake significantly enhanced mood. Mood was wansé¢he days with self-reported binge

eating episodes than on nonbinge days.

Before interpreting the results some methodolodigatations of the present study should
be considered. For some analysis (i.e. correlaiualysis in the subgroups of BED and
NBED individuals) our sample size was relativelyaimThis requires a replication with

larger samples. The findings also seem to be céstrito females, because only women
were included in the sample. On the other handpfB&y et al. (1997) did not find sex

differences for BED with regard to eating pattearsd psychological characteristics.
Therefore, our results might also be transferred toale population, although this should

be investigated in further studies.

8 Author’s note. In the original version, this impaant “not” was mistakenly missing. As mentioned ihe
results section, this correlation was not significh although a statistical tendency was observed.
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The finding of a higher degree of comorbidity (iarficular mood disorders, anxiety
disorders and substance-related disordes footnote b higher depressive symptoms and
trait anxiety in BED compared to NBED individuaks in line with earlier studies (for
depressive symptoms and anxiety, see Allison, Gkilasheb, & Stunkard, 2005; Antony,
Johnson, Carr-Nangle, & Abel, 1994; Fassino, Leambr Piero, Abbate-Daga, &
Giacomo Rovera, 2003; Gladis et al., 1998; Isnaal.e2003; Pinaquy et al., 2003; Ricca
et al., 2009; Telch & Stice, 1998). Higher prevakerof lifetime Axis | comorbidity in
individuals with BED than in NBED individuals wemdso found in treatment seeking
groups and/or normal weight populations (Grilolgt2009a; Hudson et al., 2007; Javaras
et al., 2008; Specker et al., 1994; Telch & Stit@98; Wilfley et al., 2000) and in non-
treatment-seeking samples (Bulik et al., 2002; ¥ahkbet al., 1993a) but not in a recent
study in overweight binge eaters in a treatmenkisgesample (Ricca et al., 2009). Our
results on emotional eating support the view tliegt tendency to eat in response to
negative mood states is not related to obesityspdbut is an important feature of BED.
This has been confirmed in earlier studies on emnati eating in overweight/obese
subjects with BED (Eldredge & Agras, 1996; Pinagtial., 2003; Ricca et al., 2009). The
findings that in the regression analyses anxiety amotional eating were significant
predictors for the presence of BED underline tlgmificance of these characteristics in
BED. Our results on emotional eating and eatingabigh in the natural environment
provide further support for the validity of the BEidnstruct. In contrast to le Grange
(2001) and in accordance to Engel et al. (2009)D RBiarticipants in our study reported
more binge eating episodes than NBED participahiso they consumed more food (in
KJ) on both assessment days.

Affect-related theories state that binge eatingsed for coping with negative affect, e.g.
by providing comfort and/or distraction from negatiaffect (Heatherton & Baumeister,
1991; Kenardy et al.,, 1996; Polivy et al.,, 1988)jnd® eating has therefore been
hypothesized to be a dysfunctional attempt to corsgie the frequent confrontation with
negative mood states (Engel et al., 2009). Datauofood diaries support this view: Mood
was significantly worse on the days with self répdrbinge eating compared to nonbinge

days. Food intake significantly enhanced mood.
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Beyond their individual significance for BED, antjieand emotional eating were strongly
related. There was a significant relationship betwanxiety and food intake on the stress
day in the BED group which tended to be strongantim the NBED group. This gives

support for affect-related theories on BED.

Concerning restrained eating, we did not find défees between obese binge eaters and
obese non- binge eaters, which is in line with ogtadies (Marcus et al., 1988; Masheb
& Grilo, 2000; Pinaquy et al., 2003; Wilson et al993; Yanovski, 1993; Yanovski
& Sebring, 1994; Zwaan, 2001). Nevertheless, oua ddow that the co-occurrence of
depressive symptoms and restrained eating hasylartiadverse effects for individuals
with BED. Only in the BED group, depressive sympsomere negatively related to
restraint. This relationship differed significanthgtween the two groups according to the
presence of BED. These results are in line withdisenhibition hypothesis (Herman &
Mack, 1975; Yanovski & Sebring, 1994) and suggéstt tthe self control of BED
individuals can be temporarily released by depvessymptoms, which in turn increases
the likelihood of binge eating. This conclusiorcasroborated by our results on naturalistic
eating behavior where we found a positive relatimb¥etween depressive symptoms and
food intake on the stress day in the BED group,ctvlwas significantly stronger than in
the NBED group.

We have shown that obese women with BED differ wutiglly from women with the
same weight problems in the absence of an eatswdbr. It is clear from our results that
BED is a clinically significant condition that isstinct from typical obesity. This supports
the existence of BED as a specific subtype in ¢pesihich deserves to be considered a
form of psychopathology.

For BED treatment, it is important to note thatreased restraint is not related to binge
eating disorder in BED. Treatment should focus motional eating behavior. Especially

eating in response to depression and anxiety shmeileixplored carefully. Comorbidities

must be considered in the treatment of BED.
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3.1. Abstract

Aim of the study was to compare the microstructeetlng behavior of obese patients with
and without binge eating disorder (BED) after strexluction in laboratory. 71 female
subjects were investigated (mean BMI 36.9). 35lfedf criteria for BED. A 2 x 2 factorial
design with repeated measurement (stress vs. essyton the second factor was applied.
Stress was induced by the Trier Social Stress (T&$T) and chocolate pudding served as
laboratory food. Variables of eating behavior wereasured by a universal eating monitor
(UEM). Only in participants with BED stress was@sated with an increase in the initial
eating rate and a diminished deceleration of eatrthe end of the meal. Generally, BED
subjects ate with larger size of spoonfuls durimg laboratory meal than NBED controls.
The eating behavior of obese patients with bingmgalisorder seems to be significantly
affected by stress. The stress-induced eating li@halvBED patients is characterized by a
stronger motivation to eat (indicated by a fastiahieating rate) as well as by a lack of

satiety perception (indicated by less deceleratfogating rate).

3.2. Introduction

Binge eating disorder (BED) is defined in the fbumdition (text revision) of the
Diagnostic and Statistical Manual (DSM-IV-TR, 2008) binge eating episodes at least at
two days per week for 6 months. Binge eating epsatte characterized by the intake of
large amounts of food in a discrete time period lasd of control over eating. In addition,
binge eating episodes are associated with beh&wioaages in eating such as eating much
more rapidly than normal, eating until feeling umdortably full or eating large amounts
of food when not physically hungry. In contrastbiaimia nervosa, BED subjects do not
practise compensatory behaviors such as vomitirtheomisuse of laxatives after a binge

episode.

Although in day-to-day clinical practice a generaltcepted category (Dingemans, Bruna,
& van Furth, 2002), BED is included in the appenfiix diagnostic categories requiring
further study in DSM-IV. When applying DSM-IV-TRitaria, the lifetime prevalence of
BED in community samples is about 2-5% (Dingemanal.e 2002; Hudson et al., 2007;
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Spitzer et al., 1993c; Zwaan, 2002). In clinicahgées with participants in weight control
programs, up to 30% suffer from BED (Spitzer et H393c).

BED is associated with obesity. Although a causak lhas not been established,
longitudinal studies suggest that BED leads to tegpin and obesity (Devlin, 2007).
However, there is evidence that individuals with[B&ffer from individuals who are just

obese (Hilbert, 2005). Laboratory studies can @ibgctive support to the discrimination
of BED from obesity and therefore to the validifytioe BED diagnosis (Wonderlich et al.,
2009). They can also give insight in underlying hreedsms of the eating disorder.

Many laboratory studies show that individuals wB&D tend to eat more calories than
weight matched individuals without BED in a varietlydifferent paradigms (Wonderlich
et al., 2009). It remains unclear from these swydieny individuals with BED consume
more calories than NBED. Biological studies fouradrelates in individuals with BED
which are related to increased hunger, such asceedserotonin transporter binding
(Wadden et al.,, 1993) and increase of the regimaaébral blood flow in the left
hemisphere under food exposure (Karhunen et alQ)2@ther studies have suggested a
decreased satiety response in BED. Geliebter arsthima(2001) found a higher gastric
capacity in obese binge eaters compared to NBEDvithdéhls which may lead to a
decreased satiety response. In line with that, §yBkevlin, Walsh, Zimmerli, & Kissileff
(2007) reported that BED was associated with lelisess following food intake.

Increased hunger or a disturbance in the satigpimtess should be observable in
characteristics of the eating style (e.g., a higiaing rate at the beginning of the meal or a
less pronounced slowing down of the eating ratthatend of the meal (Kissileff et al.,
1982).

Although not explicitly investigated, in a study¥anovski et al. (1992) the rate of caloric
consumption per minute (measured as total amourguroed / duration of the meal) was
not higher in obese participants with BED compai@dbese NBED individuals when
they were either asked to "eat normal” or to “bimge¢ and let themselves go and eat as
much as they could”. It remains unclear if thiglfimg can be replicated or if it is due to the

specific instructions given. Also, the overall egtrate does not give insight into processes
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of hunger and satiety. Therefore it is necessatiptestigate the microstructure of eating
in more detail with variables that reflect thesegassses.

There is also a lack of information, which stimwiil induce an aberrant eating pattern in
BED patients. The most well established anteceflanbinge eating is negative mood
(Hilbert, 2005). There is also evidence that expwe of daily stress is followed by
episodes of binge eating (Crowther, Sanftner, Bamif& Shepherd, 2001). Furthermore,
Gluck et al. (2004) showed that after a physicadssior (cold pressure test), obese BED
participants reported higher levels of hunger amdnger desire to binge eat than obese
NBED participants. Empirical evidence supporting #elfish brain theory point to a close
relationship between psychosocial stress and fotake (Peters, Kubera, Hubold, &
Langemann, 2011). The role of psychosocial stresbs faod intake in Binge Eating

Disorder is, however, unclear.

In a previous study we investigated the role oSgchosocial stressor, the Trierer Social
Stress Test (TSST, Kirschbaum et al., 1993), omtleeostructure of eating in individuals

with BED compared to NBED under the instruction &at as much and as long as you
like" (Laessle & Schulz, 2009). From a non stress tstress condition, individuals with

BED showed a greater increase in average eatiegpat .01) and a different change in

acceleration/deceleration at the end of the neal .04). Unfortunately, the sample size in
the above mentioned study was relatively small.

The present study therefore aimed to further ingatt the effect of a psychosocial
stressor on the microstructure of eating behavimmaérticular variables which indicate
hunger and satiation) in obese women with and witlRED with a greater sample size.
Stress was hypothesized to change the microstalatharacteristics of eating behavior

specifically in obese women with BED.

3.3. Methods

3.3.1. Participants

The sample consisted of 71 obese female partigp@ill higher or equal to 30 kg/m?)

who were recruited via advertisement in newspapdfsring 100€ for participation. 257
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women applied for the study. 84 of these women ritl participate because of time
limitations or personal reasons. 88 women wereueberl because they met the following
exclusion criteria: (a) age out of the establistetye of 18-48 (n = 9), (b) BMI <30 (n =
31), (c) bulimic behaviors or EDNOS other than BED = 7), (d) gastrointestinal
disorders, thyroid disorders without medical subsbn or other medical issues
influencing weight or eating behavior (n = 41). $eéeriteria were checked by a physician
in a general hospital in Trier, where all interéstearticipants underwent a medical
examination before taking part in the study. l4ip@ants were excluded because it was
not possible to analyse the UEM data in at least @mndition. All participants stated to
like chocolate pudding before taking part in thedgt

For the diagnosis of binge eating disorder the Garrersion of the structured diagnostic
interview for DSM IV (SKID-I, Wittchen et al., 199Avas carried out by a research
psychologist (Dipl. Psych., equivalent to masteegree in psychology) and supervised
students who were all thoroughly trained. Accordiaghis procedure, 36 obese women
were assigned to the NBED and 35 to the BED grbughe BED group, 6 individuals had

a subthreshold variant of BED, defined as havingiaimum of one binge episode per

week, while fulfilling all other DSM-IV criteria (®iegel-Moore et al., 2000).

3.3.2. Design

A 2 x 2 factorial design was applied. Factor | Wesmparison group” (BED vs. NBED).
Factor Il was a repeated measurement factor (steeg®0 stress). The repeated laboratory

tests took place within 4 weeks, with at least week between the two investigations.

3.3.3. Procedure

Before participating, subjects received detailedttem information about the study and
signed written consent. Subjects arrived in theodatory of the University of Trier

between 9.00 and 10.00 a.m. after overnight fast.ti@ morning of each test session,
participants consumed a standardized food of haiflami or cheese sandwich to make
stomach fullness equal. The energy of the sandwalh was about 650 kJ for salami
(fat%: 22, proteine%: 14, carbohydrate%:24) and &3l 8or cheese (fat%: 22, proteine%:
14, carbohydrate%: 23). Participants were told thatare interested in finding out how

stress influences the feeling of satiation whilengga chocolate pudding. For this purpose,



STRESS AND LABORATORY EATING 36

after a stressor or a neutral condition they carrem the pudding as much and as long as
they would like. Stress was induced by the Trieci&@dStress Test (TSST, Kirschbaum et
al., 1993), a standardized protocol which contairgtress anticipation phase and a stress
phase with a free speech assignment and subseperdotmance of a mental arithmetic.
The TSST is a validated tool to provoke psycholgmal stress responses. In the neutral
condition reading newspapers was provided for #n@estime as the TSST lasts. The
sequence of stress and neutral condition was cdatéeced. Before and after the TSST
and the neutral condition respectively, particisantade subjective ratings of feeling

stressed on 100 mm visual analogue scales (VAStGat all, 100: maximum).

This study was reviewed and approved by the ettoasmittee of the University of Trier
in may 2006.

3.3.4. Measurement of eating behavior

The eating behavior was measured using a univesa@hg monitor (UEM), based on

Kissileff, Klingsberg and van lItallie (1980). TheEM consists of a desk that is equipped
with a hidden electronic scale which records weightinges on the plate every 0.5
seconds. A special software to compute the signafs the scales produces a cumulative
intake curve (x-axis: time; y-axis: amount eatem)nbut also secondary measures, which
can be used as descriptors of intake behavior i{(Eist al., 1982). These measures are:
initial eating rate (IER, g/sec) which is the egtirate at the beginning of the meal and
reflects the motivation to eat or hunger, changeating rate (CER, g/sec? x 1000) which
is the change of the eating rate at the end ofitbal (deceleration reflects satiation, less
deceleration at the end of the meal points to &sdmtion), average eating rate (AER,
g/sec) which is the eating rate over the whole n®aé of spoonfuls (SF, g), frequency of
spoonfuls (FSF, spoonfuls/sec) and total amounintgke (TI, g). Our instrument is

described in detail in Hubel et al. (Hubel, Laeskkhrke, & Jass, 2006) and is of proven
reliability (Laessle & Geiermann, 2012). We modifithe original technical equipment

with a more refined electronic scales and a deskiwhas been constructed to be free of

any vibration.

Yanovski et al. (1992) found that participants WBBD ate more dessert than the obese

control group. For this reason and because of spedeémands of the UEM on the
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consistency of food, the laboratory food consistedhocolate pudding (energy/100 g: 658
kJ; fat%: 9.1, protein%: 3.1, carbohydrate%: 1518)e initial quantity in a bowl on the

balance was 500 g, but all participants were foetake further helpings. Before the start of
the meal, participants were asked to make subgcttings of hunger and after the meal

of hunger and palatability on 100 mm VAS.

3.3.5. Statistical analysis

Following Kissileff et al. (1982) and Bobroff andidsileff (1986) 2 sets of variables
derived from the eating monitor data were defined @analysed by MANOVA for

repeated measurement (O'Brien & Kaiser, 1985).

The first set includes initial eating rate (IER)darhange of eating rate (CER). It covers
continuous variables related to motivation to @@t #® aspects of satiety regulation.

The second set includes total intake (TI), sizespbonfuls (SSF), and frequency of
spoonfuls (FSF) which reflect non continuous chiarstics of eating behavior related to

palatability of food.

For each set of variables a global test of the gr&uwstress interaction for all dependent
variables simultaneously was conducted. Repeatesumement was done on the second
factor stress (stress vs. neutral condition). &f ¢fobal test was significant, tests for each
variable separately were interpreted. All analyse=e adjusted for age differences

between the comparison groups.

In a previous study significant stress dependemingbs in eating rate, frequency of
spoonfuls, and change of eating rate were founédsla & Schulz, 2009). These results
were used to generate directed hypotheses for thagbles in the present study, which
were tested by one-tailed significance tests aaegrit Bortz & Doering (2006).

The analyses were carried out using the StatisBeakage for the Social Sciences (SPSS
17.02).
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3.4. Results

3.4.1. Anthropometric characteristics

Anthropometric characteristics of the two groups @epicted in table 3. For these data, no

significant group differences were detected.

Table 3:Anthropometric characteristics (means and standevdations) of the sample

BED (n = 35) NBED (n = 36)
age (years) 32.4 (8.0) 35.6 (8.4)
weight (kg) 104.0 (16.1) 105.0 (17.7)
BMI 37.0 (5.5) 36.9 (6.1)

3.4.2. Subjective ratings

The TSST induced a significant increase in theirigedbf being stressed in both groups
(F1e9 = 139.27p < .001). The groups did not differ significantly iheir self-reported

stress level after the stress or the neutral ciemdit

Furthermore, the comparison groups did not diffgniicantly regarding their ratings of
hunger neither in the stress nor in the neutraditimm. Mean hunger ratings were 3.75
(SD=2.3) in the BED and 3.18D= 1.9) in the NBED group.

There were no significant main effects or inter@acteffects regarding the ratings of satiety
after the test meal. Mean satiety ratings were(8B= 1.61) in the BED group and 6.68
(SD=1.53) in the NBED group.

3.4.3. Eating behavior

Data for the continuous variables of eating behawidhe laboratory are depicted in table
4,
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Table 4: Means and standard deviations of continuous eatirayacteristics for obese
women with and without BED dependent on a laboyastressor

BED NBED

No Stress Stress No stress Stress
CER 2.1 (6.0) .04 (3.5) 17 (2.3) 74 (3.2)
(g/seéx 1000)
IER .33 (1.8) .53 (1.6) .53 (1.5) .47 (1.6)
(g/sec)
AER 1.4 (.6) 1.4 (.7) 1.4 (.6) 1.4 (.7)
(g/sec)

CER: change of eating rate: the lower the value)ebs deceleration at the end of the meal
IER: initial eating rate
AER: average eating rate

The global test for the group x stress interactesting all variables simultaneously was
significant. F362 = 2.81,p < .05, partial etaz = .12). Univariate analysis revealed a
significant interaction effect for IERF{ 61 = 2.99,p < .05, partial eta? =.05) and CER
(F164=5.22,p <.02,partial eta2=.08).

Participants with BED showed an enhanced initidingarate (IER or motivation to eat)
from the non-stress to the stress condition, wpgeticipants without BED showed a

reduced initial eating rate in the stress comp#odtie non-stress condition.

BED participants showed less deceleration in thesstthan in the non-stress condition,
while participants without BED showed a strongecederation in the stress than in the

non-stress condition.

Data for the non continuous variables of eatingalvedr in the laboratory are depicted in
table 5.
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Table 5:Means and standard deviations of non continuotirsgeeharacteristics for obese
women with and without BED dependent on a laboyastressor

BED NBED

no stress stress no stress stress
FSF (per sec) .11 (.05) .12 (.05) .12 (.05) .18)(.0
SSF (g) 13.2 (4.6) 12.6 (4.3) 11.3 (2.8) 10.8 (2.7)
TI () 282.6 (130.2) 241.4 (122.5) 276.7 (112.6) 324(136.7)

FSF: frequency of spoonfuls
SSF: size of spoonfuls
TI: total intake

The global test for the group x stress interactesting all variables simultaneously was
not significant, indicating that there are no srepecific differences between obese
women with and without BED in total intake, freqagrof spoonfuls and total intake.

Although observed on the descriptive level, bothugs showed enhanced FSF and lower

SSF and Tl under stress, the main effects of swess not significant for these variables.

For size of spoonfuls, a significant main effectdedgnostic groupK; s = 5.5,p < .02,
partial eta2= .08) emerged, whereas patients with BED ateoth lbonditions with larger
spoonfuls.

3.5. Discussion

The current study found stress-induced changesdrostructural characteristics of eating
behavior specifically for obese subjects with BEBew asked to eat as much and as long
as they like. Only in participants with BED, stregas associated with an increase in the
initial eating rate and a diminished deceleratidneating at the end of the meal.
Independent of being stressed, BED subjects shanather size of spoonfuls during the

laboratory meal.
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According to Kissileff et al. (1982) and Guss & glieff (2000) the initial eating rate

reflects underlying physiological processes whidltilitate eating and hunger as its
associated cognitive correlate. Change of eatitg oa the rate of deceleration reflects
inhibitory processes which control eating over tmeal and its cognitive correlate,
satiation. Our data point to a stress-induced thsiuce in both processes specifically in
obese women with BED compared to obese women wWitBED.

These disturbances would be in line with studiesciwHound biological correlates in
individuals with BED related to increased hungeaifunen et al., 2000; Wadden et al.,
1993) or diminished satiety (Geliebter & HashimQ2p In addition, the results are in line
with psychological studies using self-report measurLatner et al. (2009) assessed
subjective ratings on variables, that are related stronger motivation to eat or hunger.
Women with BED reported a greater desire to eaisgmctive consumption, excitement
about eating, and desire for a meal and dessestéafbuffet-style test-lunch compared to
weight-matched controls. In a study of Sysko et(2007) participants made ratings of
hunger and fullness on visual analogue scales aftery 75-g increment of food. They
found, that in comparison to obese or normal-weigbnhtrols, patients with BED
consumed significantly more food to reach a simi&@rel of fullness or hunger. The
authors conclude that the process of eating in Bippears to be characterized by a
diminished increase in fullness particularly durthg latter portion of the meal, which is

in line with the current study.

Another study (Samuels, Zimmerli, Devlin, Kissile$f Walsh, 2009) found no differences
between obese BED subjects and obese controlenéitihunger ratings nor in ratings of
fullness. These results do not necessarily arg@nsigour interpretation, because the
study did not use objective measurement of intdeeacteristics such as a universal eating
monitor or the induction of stress. Interestingtythe current study, there is discrepancy
between the objective measurement of the UEM argestive ratings of hunger and
satiety, which did not differ between the groupsonditions. The UEM is a tool which is
proved to give reliable and adequate measuresnfamtagrated characterization of eating
behavior during a meal in humans (Hubel et al.,6200aessle & Geiermann, 2012;
Westerterp-Plantenga, 2000). Therefore it can beladed from our data that there is a

stress-induced disturbance regarding the motivdtarat and satiation processes. The lack
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of correspondence in the subjective ratings mighbtpto a deficit in the perception of
hunger and satiety signals in individuals with BED.

The finding of a stress X group interaction effiecthange of eating rate is in line with our
previous study (Laessle & Schulz, 2009). On thetreowy, the interaction effect in initial
eating rate could not be found in the former styshgsumably due to lack of statistical
power. In the current study, there was no stredgded change in the average eating rate
for the BED or NBED group. This is contradictorydaor previous finding but in line with

a study of Yanovski et al. (1992) in which the rafecaloric consumption per minute
(measured as total amount consumed / duration efnibal) was not higher in obese
participants with BED compared to obese NBED indlingls. As mentioned above, the
overall eating rate does not give insight into psses of hunger and satiety and might be

less appropriate to indicate disturbances in tpheseesses.

A somewhat unexpected finding is the lack of a n&dfact of group (BED vs. NBED) on

total meal intake. Many studies found that obeshviduals with BED ate more than

weight-matched controls without BED under both leimgd non-binge instructions (Walsh
& Boudreau, 2003). However, there are studies wh alid not find significant

differences between these groups concerning theuainad food intake (Gosnell et al.,

2001; Lattimore, 2001). There are some factors whaght account for the lack of a main
effect of group in the current study. These areetyaiof food/number of dishes presented,
amount of food presented and meal instruction. iBusv studies have shown that
increasing the variety and amount of food preselmethboratory meals increases the
amount eaten (Cohen, 2008; Kral & Rolls, 2004).IRdNorris, & Roe (2002) showed that
portion size of food affects energy intake in ndrmaight and overweight men and
women. In their study, subjects consumed 30% moergy when offered the largest
portion (1000g) than when offered the smallestipor{500g) of macaroni and cheese.
Compared to this study, the initial amount of 5@Bgcolate pudding in the current study
iIs a small portion size. Furthermore, in the currstudy, there was no variety in the
presented food. Most studies demonstrating difisgerin meal intake between individuals
with BED and NBED controls used multiple-item-me@l&lch & Agras, 1996a, Telch &

Agras, 1996b), or macaroni and cheese in much bigg®unts (Sysko et al., 2007) or a
single-item meal with unlimited amount (Andersonagét 2001). The few studies that
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found no difference in total intake between BED &BED individuals used either a
single-item meal of 250g ice cream (Lattimore, 200t one or two binge foods of
individual amount (Gosnell et al., 2001). The mitamount might serve as a cue for an
appropriate meal size, providing expectations oénvthe meal would end. Therefore it is
quite possible, that the initially relatively smalhgle-item test meal in the current study
was not sufficient to reveal the predicted differesm between the groups. Another
limitation of the laboratory setting is related ttee fact that diagnostic criteria of BED
include eating alone due to embarrassment of otregedn a single-item test meal, the
amount eaten is more obvious than in a multipleritest meal. This might also have
contributed to the lack of a main effect of grogmeerning intake. It is also possible that
the instruction "to eat as much and as long aslikell contributes to the non-significant
differences between the groups (BED vs. NBED).i€igents in the current study did not
receive instructions such as "to binge eat", "toasamuch as you can" or "to eat normal".
These instructions, used in the above mentionatlestican provide a priori expectations
of what amount is appropriate (Samuels et al., 200%e results in the current study might

be less confounded by these instructions.

There are further limitations that should be coeed, when interpreting the results. The
study was undertaken in a study laboratory, theeetbe artificial laboratory situation
must be considered. Although this is also an adpmtbecause we were able to control
and standardize all variables of interest, ecoklgialidity might be questioned. However,
there are hints that eating monitor data from #imtatory correspondent well to everyday
eating behavior in patients with binge eating disor(Guss et al., 2002). Our sample was
exclusively female and was drawn from the commur@gution is therefore warranted in
generalising from this community sample to patievith binge eating disorder and to men
with the condition. The sample size is relativetyal and although significant effects were

obtained, there is need for replication.

In summary, this study found a stress-induced as®ein the initial eating rate and a
diminished deceleration of eating at the end ofrtteal particularly in participants with
BED. This points to a stress-related disturbancehiysiological processes contributing to
the development of hunger and satiety among patigith BED, but additional studies are
needed to better understand the role of these gsesan the maintenance of binge eating.
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Subjective ratings suggest there may be a deficthé perception of hunger and satiety
signals in individuals with BED. This view is supped by the perspective that BED
individuals become "disconnected” from internal erignce and show desensitization to
internal cues which are related to normal satiebc@sses (Kristeller & Wolever, 2011).

Therefore our results support the utility of claicinterventions, who focus on the
development of an awareness of hunger and satiegs @uring a meal, such as
mindfulness-based eating awareness training fatitrg binge eating disorder (MB-EAT,

Kristeller & Wolever, 2011).
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4.1. Abstract

Increased cortisol levels after stress have besocaged with excessive food intake during
binges in obese women with binge eating disordee present study tried to replicate
these findings in a sample of obese women with @yetpto obese women without binge
eating disorder. 20 women with a mean BMI of 3%@8n* were studied. Salivary cortisol
was sampled before and after a socially evaluabédl pressure test at 8 time points. Both
comparison groups showed the expected cortisobaser after the stressqr € .03), but
no significant differences between groups emerged ©6). These results do not support
an increased stress reactivity of HPA in bingengatisorder. Instead they would favour

psychological explanations of binges, focusing mninished perception of satiety.

4.2. Introduction

Obesity, defined as a BMI > 30 has become a maaltin problem in the US but also in
Germany. A subset of obese individuals have bingieng disorder (BED) which is
characterized by the consumption of objectivelgéaamounts of food and a sense of loss
of control over eating. Cortisol is involved in a&bpe regulation and energy balance
(Dallman et al., 2004). Therefore, as a biologicasis of BED, hyperactivity of HPA
indicated by heightened stress response of cottiaslbeen hypothesized (Gluck, 2006).
To date, there is only one study supporting thsuagtion (Gluck et al., 2004), using a
cold pressure test as stressor. The present stigdly to replicate these results with a
comparable methodology in obese women with andowitbinge eating disorder.

4.3. Methods

4.3.1. Sample characteristics

20 patients were recruited for cortisol assessratat stress during a follow-up study of
another research project dealing with laboratoyngabehavior in binge eating disorder
(Laessle and Schulz, 2009). During this projecgdostic assessment of BED and NBED
had been made using a structured clinical inter(i®®ID, Wittchen et al., 1997). Mean
age was 32 * 9,1years for BED and 38 + 10,3 year&NBED and was not significantly

different between groups.
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Mean BMI was 37,9 * 5,8 kgfrfor BED and 37,6 + 7,4 kg/ffor NBED, and did not
differ between groups.

The laboratory test took place between 15,00 an@016.m.. To exclude low blood
glucose, which would prevent an adequate cortesponse, all patients were instructed to
eat a standardized "Muesli" bar 1hour before tls& fEBhe bar contained 50g, 217 kcal,
21,59 carbohydrate , 8,59 fat, 3,59 protein.

4.3.2. Stressor
Stress was induced by a socially evaluated coldspre test (SECPT), described in detail

by Schwabe, Haddad and Schéachinger (2008).

Saliva cortisol was sampled by Salivetten (Sarstdtdmbrecht) at 8 measurement points:
before stress, after stress, +10min, + 20min, +iB0M45min, + 60min, + 90min.

4.3.3. Statistical analysi

Multivariate analysis of variance for repeated nieasmient (MANOVA) was calculated,
using cortisol values after stress as within subjéactor. We used the statistical package
for the social sciences (SPSS 17.0).

4.4. Results

The time course of salivary cortisol after the s$e is depicted in tabl&’l

For both comparison groups there was a significagrease of cortisol after the stressor
(MANOVA: F312,=15,9;p <.03), adjusted for pre-stress values.

However, cortisol secretion was not different betwegroups (MANOVA: Interaction

Diagnosis X cortisol secretiofz 1, =.26;p = .96).

° Author’s note: Statistical analysis were carried iy the co-author.

19 Author’s note: See also the figure in Appendix C.
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Table 6: Mean values of cortisol after stress in obese womih (BED) and without
(NBED) binge eating disorder (means + SD in nmol/l)

measurement time BED (n=7) NBED (n = 13)
before stress 2,8+14 2,4+1,0

after stress 2,6+1,3 2,4+1,0

+ 10min 2,8+1,0 2,9+1,7

+ 20min 3,1+1,4 3,5%2,4

+ 30min 2,6+1,3 2,8+1,7

+ 45min 22411 2,2+1,2

+ 60min 2,0£1,0 1,9+0,8
+90min 1,6+0,8 1,5+0,7

4.5. Discussion

This study has limitations, that warrant cautiormew interpreting the data. The sample
size was very small, so that we should replicateribnsignificant results for differences in
HPA activity with more patients. Stress responsearfisol is only one indicator of HPA
activity and does not provide information on dibtdt feedback regulation of HPA in
BED. The study included only women and thereforesdaot allow a generalisation to men
with BED. Keeping these limitations in mind, ourefiminary data do not support a

heightened stress reactivity of HPA in women withB

An alternative explanation of binges in BED is atdibance in the perception of satiety,
due to specific alterations in the microstructufeeating. After stress patients with BED
eat faster with a greater frequency of spoonfulsefisle & Schulz, 2009). Both
characteristics of eating behavior have influencdgh® process of satiation and promote a

too late perception of fullness, which in turn désin the consumption of large amounts of
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food. This hypothesis is further supported by Gletlal. (2004), showing higher hunger
ratings for BED patients during stress.



GENERAL DISCUSSION

5. GENERAL DISCUSSION

50



GENERAL DISCUSSION 51

5.1. Overview of the chapter

This chapter will address overall conclusions &f ¢larrent research as well as implications
for further research and treatment of BED. Becatisaight be helpful to have study
limitations and strength in mind before reflectiagerall conclusions and implications,

they will be mentioned first.

5.2. Limitations of the present research

Our sample was exclusively female and was drawm ftbe community. Caution is
therefore warranted in generalising from this comityusample to patients with BED and
to men with the condition. As mentioned before, dfaky et al. (1997) did not find sex
differences for BED with regard to eating pattearsd psychological characteristics.
Therefore, our results might also be transferred toale population, although this should
be investigated in further studies. Recruitment wasied out via advertisements in
newspapers and flyers, offering payment for pgréaton. This procedure might have lead
to a selection of people reading local newspapedspassibly in need for money. Since it
is very difficult to recruit individuals fulfillingBED criteria from the community and
because the study was relatively time-consumingpéoticipants, this way of recruitment
was nevertheless inevitable. Exclusion criteriss§ilde participants were excluded if they
had medical conditions influencing weight or eatibghavior) further reduce the
generalizability of our findings, but can also bensidered as strength of the study,

because possible confounding variables were eli@iha

For some analyses, especially for analysis of diffees in cortisol levels and correlational
analyses, our sample size was relatively smalls Bhiould be kept in mind, particularly
when interpreting non significant results. l.er, dorrelational analyses of emotional eating
and depression in the BED group, poweB)Ivas only .53. This means, the accepted type
2 error ) was .47 and thus more than nine times higher thamaccepted type 1 errar)(

of .05. Future research should therefore investigatger samples. In case the a priori
calculated sample size exceeds the available resguthe affordable maximum sample

size should be specified and arlevel with which the ratio of type 2 to type 1 a@riis
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more appropriate should be calculated (compromeep analyses, Faul, Erdfelder,
Buchner & Lang, 2009%"

In chapter 2, data from a cross sectional corradasiudy are reported. It is important to
consider that this methodology cannot determinesal#ty. Therefore it cannot be
determined if i.e. depressive symptoms reduce aiestras stated by disinhibition
hypothesis, if reduced restraint leads to increaggatessive symptoms or if there is no
causal relation at all. Because it was the aimhefdurrent thesis to provide support for
specific maintenance factors of BED, interpretatioglated to these factors or mechanisms
were focused. Also predictions made by regressinalyaes (i.e. that anxiety and
emotional eating were significant predictors of BEfatus) were based on cross-sectional
data and do not imply causality. It is also impott consider that the measures of eating
behavior (emotional and restrained eating) relyoor’s perception of the own behavior
and may not be an accurate representation of thaldzehavior (Epel et al 2007). Further
more it should be kept in mind that anxiety was snead as trait. Trait anxiety reflects the
tendency to respond with state anxiety in the graton of threatening situations (Laux &
Schaffner, 1981). Therefore results should not snterpreted in the sense that an actual

feeling of anxiety is i.e. related to increaseddfamake in the natural environment.

Eating behavior in the natural environment was osiiydied on two days after the
laboratory session. Therefore, the food log datwvide only a ‘snapshot’ of naturalistic
eating behavior. We decided not to include moressaent days because the laboratory
study was demanding and therefore additional, ttmesuming recording of daily food
intake would have probably reduced the number dfgi@ants in this study, response rates
or quality of the food logs. We did not assessssti@ daily hassles in the food diaries for
the same reasons. These data would be of intenesitd investigation of the stress-eating
relationship in the natural environment, but a lemigme period would be needed to make
valid interpretations. Further, self-reported fomtbke via food logs is a retrospective
assessment method and might be subject to memdrgegorting bias. We tried to reduce

Y For correlation of emotional eating and depressioin the BED group (n = 41) of the current thesis, a
more balancedp/a ratio of 3 would have resulted in an accepted level of .01 and a power of .68.
Certainly, compromise analyses should not be usedst hoc and therefore the interpretation of the
current research is based on the conventional level of .05.
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memory bias by instructing participants to fill aie food log immediately after every
food intake.

Some disadvantages of the laboratory setting idysBuand 3 have to be mentioned: First
of all, ecological validity must be questioned (sedow for further details for study 2).
Furthermore, laboratory studies are limited in ging the effects of acute stressors on
eating behavior, whereas chronical stressors migive a greater impact on eating
behavior (Torres & Nowson, 2007). Additionally, imdiuals may not be sufficiently
stressed in this artificial laboratory environmastcompared to stress that is experienced

in real world (Torres & Nowson, 2007).

Limitations of our laboratory setting in study 2 as follows: 1) The UEM can only be
used with liquids or semi-solid homogenous foodhdge Thus, we did not use a multiple-
item test buffet which displays natural eating hétramore adequately than chocolate
pudding. It has been shown that in contrast to Bho eat preferably dessert food when
binge eating, BED participants eat a full rangefarfds (Wilfley et al., 2003). 2) The
amount of pudding provided might have been too ktoakveal the predicted differences
between the groups as discussed before (see pdfje F0The instruction "to eat as long
and as much as you like" might have also contribitethe lack of difference in intake,
because most of the earlier studies which foundh sliiferences used binge instructions
(as discussed in detail on page 40 ff). On therdthad the instruction in the current study
is more likely to produce natural responses arglrttight also be considered as strength of
the study. Further, binge instructions are notaeable in our context, because of possible
confounding with the effect of the stressor. 4) @h¢he defining characteristics of binge
eating is eating alone because of embarrassmeetefbine, it is possible that women with

BED did not eat naturally in our laboratory.



GENERAL DISCUSSION 54

5.3. Strength of the present research

The questions of validity and maintenance of BE® @alrreal clinical importance and also
of high relevance with the release of DSM-V in M&313 in mind. The current research
approached these questions from a psychologicakdsas from a biological perspective.
Eating behavior was assessed in laboratory asaseh the naturalistic environment. The
novelty of this paper is the investigation of stresduced changes in characteristics of
eating behavior using objective eating monitor data well validated stressors in the

laboratory.

The current research comprised naturalistic as agelaboratory studies on eating behavior
of obese BED and non BED. The assessment of eagihgvior in the natural environment
in study 1 has the advantage of high external iglehd generalizability of the findings.
The laboratory studies performed in study 2 and&hhe advantage that all variables of
interest could be controlled and that they theeefatlow the inference of causal
relationship. Study 2 made use of reliable feedaigpratory methodology (Laessle &
Geiermann, 2012), which can be considered as shr@fighe research.

Another strength is the use of validated stressopads in study 2 (TSST) and study 3
(SECPT). Both stressors included a social-evalaatemponent (see page 10), which
contains the threat of being negatively judged MUliers. Stressors including this
component have shown to elicit the strongest pdggal stress responses as well as
profound activation of the HPA axis (Dickerson & rKeny, 2004). Studies with
comparable stressors on BED are rare. The onlyiqus\study of stress-induced cortisol
secretion used a standard CPT without such anauwadelement (Gluck, 2004).

Concerning methodology, there are some furtherratdges: 1) The within-subjects design
in study 2 can be considered as strength becahss ithe advantage of greater power and
reduction of error variance associated with indialddifferences (Bortz & Doering, 2006).
2) Study 3 used MANOVA, which has more power thesaaunder the curve (AUC), used
in a similar study (Gluck, 2004).
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5.4. Conclusions of the present research

The current thesis aimed to further contributehte validity of BED and to support the
significance of psychological as well as biologio#intenance factors of BED. This was
done in order to provide a better understandingttier syndrome of BED, which is of

Importance to improve treatment.
In summary, the following conclusions can be drawn:

Obese women with BED differ substantially from wonvéh the same weight problems in
the absence of an eating disorderdifferent aspects: 1) BED individuals exhibiteigher
comorbidity (particularly anxiety disorders and oraglepression), higher trait anxiety and
more depressive symptoms, indicating that thederaare not associated with obesity per
se but are important features of BED. 2) Imporiarithe eating behavior in the natural
environment of obese women with BED differed siguaifitly from that of obese women
without BED, with BED individuals showing higherdd intake and exhibiting more binge
eating episodes. 3) BED subjects differed also icrastructural characteristics of eating
behavior from obese NBED: Independent of beingsstrd, they showed a larger size of

spoonfuls during the laboratory meal.

Negative mood precedes binge eating in the natan@ironment Mood ratings prior to

food intake were lower on binge days compared telringe days.

Eating in response to negative affect in order tpee with them (emotional eating)
discriminates BED from obesity) Women with BED had significantly higher levels o
emotional eating. 2) Emotional eating was a sigaiit predictor of BED diagnosis.

In BED subjects, negative affect is associated witheased caloric intake in the natural
environment:1) Only women in the BED group ate more on thesstrday when reporting
high levels of depressive symptoms, and this @tatiip tended to be stronger in the BED
group. The correlation coefficient in the NBED gpowas close to zero. 2) There was a
significant positive relationship between anxietyl aaloric intake on the stress day in the
whole study group. This relationship tended to b®nger in the BED group. The
correlation coefficient in the NBED group was cléseero.
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Together, these findings support the view that éiegting in the natural environment is
used to cope with negative affect as supposed tegtafegulation models (Hawkins &
Clement, 1984).

The association of negative affect and emotiontihgds not stronger in BED subjetfs

1) In both BED and NBED group, higher trait anxietgs significantly associated with
higher self-reported tendency to eat in responsegiative affect. Statistically, the strength
of this association did not differ between the tgroups. 2) More depressive symptoms
were related to higher self-reported tendency toireaesponse to negative affect. The
correlation was only significant in the NBED gro(ip the BED group this relationship
was only tendentially significant) but statistigalthis relationship was not stronger in the
NBED group.

Taken together, in the NBED group negative affeasvonly associated with the self
reported tendency to eat in response to negatfeetasut not with real food intake in the
naturalistic environment. A positive associatioriween negative affect and actual food
intake was only observable in BED individuals. Tebfferences might be due to the
different levels of emotional eating in the two gps, with much lower scores in the
NBED group. Thus, although there may be a tendémegat in response to depression and
anxiety in NBED subjects (indicated by the valuésmotional eating which were still
relatively high in the NBED grodp and the correlation of emotional eating with atie
and depression in NBED), this tendency might noflikely result in increased actual

intake as in BED individual¥'

Restrained eating does not discriminate BED frorasitly. Mean restraint scores did not
differ between the two study groups. Compared tonah mean group scores of restrained

12 Descriptively, correlations were even higher in ta NBED group.

3 The mean score of emotional eating in the NBED gup was higher than 75% (and the mean score in
the BED group was higher than 95%) of the scores i nonclinical reference sample, (van Strien,
Frijters, Bergers, and Defares, 1986).

%11 line with that, the association between emotioraeating and caloric intake on the stress day was
descriptively stronger in the BED group (r = .1 vsr = .05). The correlation was significant in the Wmole
study group (r =.219, p < .05) but not in the BEr NBED group alone.
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eating were relatively high Data of the current research support the view tthea self
control of BED subjects can be released by depressymptoms and streas stated by
disinhibition hypothesis: 1) Higher levels of degsiwe symptoms were associated with
lower levels of restrained eating only in obesavidials with BED but not in the obese
control group. 2) As mentioned above, only in thECBgroup there was a positive
relationship between depressive symptoms and fonaké on the stress ddy 3)
Descriptively, in the non-stress condition BED ®ait$ decelerated even more at the end
of the meal than NBED controls. Importantly, aftee laboratory stressor, BED subjects
almost showed no deceleration at the end of thd, méwch points to a disturbance in
inhibitory control of food intake in BED or disirtition (see definition of CER, page 5
and Zandian, loakimidis, Bergh & Sédersten, 200%) current results can therefore be
interpreted as giving objective behavioral supportstress-induced disinhibition in BED

subjects.

With respect to the hypothetical model of stresBioed eating in BED (see figure 1), the

following conclusions can be drawn:

Psychosocial stress induces microstructural changeshe eating behavior of obese
women with BEDOnly in participants with BED, stress was assodiaté¢h an increase in

the initial eating rate and a diminished decelerabf eating at the end of the meal. While
BED individuals decelerated their eating rate ia tion-stress condition, they ate at an
almost linear rate (CER was close to zero) afterstiness induction. These findings are of
importance because they clearly demonstrate thasyahosocial stressor promotes an

adverse eating pattern specifically in BED subjects

The findings point to a stress-related disturbanoe processes contributing to the
development of hunger and satiety among patienta WED 1) The stress-induced

increase of the initial eating rate points to arré@ased motivation to eat or hunger in BED

!> The mean restraint score in both the BED and NBE@roup was higher than 75% of the scores in a
nonclinical reference sample (van Strien, FrijtersBergers, and Defares, 1986).

'® The relationship between restraint eating and kcal intake on the s&ss day also differed descriptively
between the two groups. In the BED group, there waa negative correlation (r = -.2), whereas in the
NBED group there was slightly positive correlation(r = .05).
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subjects. 2) The stress-induced diminished dedearaf eating at the end of the meal
points to less satiation or less inhibitory contreér food intake in individuals with BED.

There is evidence for a deficit in the perceptidrhonger and satiety signalg:) Both
increase of IER and less deceleration at the ertieomeal promote a late perception of
fullness in BED subjects. 2) There was a lack afespondence of subjective hunger and
satiety ratings with objective UEM measures, whalso suggests a deficit in the

perception of hunger and satiety signals in indigid with BED.

Insufficient satiety perception might point towarddack of interoceptive awareness in
BED subjects (van Strien et al., 1986). Lack oéiateptive awareness could also explain
the high levels of emotional eating, which may adaundividuals who confuse emotional
distress with hunger (Bruch, 1974; van Strien gt24l05).

Microstructural changes in eating did not lead txrieased food intake in the laboratory

We did not find stress-related or general diffeemnbetween total intake of obese BED
and NBED individuals in the laboratory. This findimight be due to limitations of the

laboratory setting (see page 55 f. for detailg)¢esiin the natural environment, we could
clearly show that obese women eat more throughwmday and engage in binge eating
episodes more frequently. Behavioral charactessifceating such as CER and IER might
have been less affected by these limitationsbeeause subjects were not aware of this

measurement.

There is no evidence for higher cortisol stressete@y in BED Because obese women
with BED did not show a higher stress-reactivity dartisol levels, it is unlikely that

cortisol moderates the impact of stress on eatetbior in BED as compared to obesity.
Descriptively, there was even a slightly blunte@ss-induced cortisol secretion in BED as
compared to NBED women in our study (see figur&ppendix C), which is in line with a

recent study of Rosenberg et al. (2012), which p#slished after study 2 was finished
(see also page 60). These authors suggest, thaadnsf a hyperactivation of the HPA
there might be even a down-regulation of the HPAbese BED compared to NBED and

normal weight controls as a result of chronic stres
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5.5. Directions for future research

In the naturalistic environment we have shown thmtthe BED group, depressive
symptoms were significantly related to food intake the stress day. There was also a
moderate correlation (r = .3) between anxiety amadfintake on the stress day. This
association was not significant (p = .12), whiclgimihave been due to a lack of statistical
power, since the correlation was significant in Wigle study group but close to zero in
the NBED group. Further studies should thereforangre the relationship of BED
diagnosis, anxiety and depression and food intaite kgger sample sizes. In order to
determine the directionality of these relationshgiatistical approaches such as the testing
of different models through path analysis shouladttresidered. Tested models should also
include emotional eating and restraint to deternmmexhanisms through which negative
affect influences food intake and binge eating BDB Concerning the direction of the
relationship between negative affect and food etak BED, a recent laboratory study
using path analysis, which was published after ystddwas finished, suggests that
symptoms of depression and anxiety influence biegéng diagnosis which in turn

influences food intake (Peterson, 2012).

We have shown that binge eating frequency was highebese BED compared to obese
NBED individuals and that mood prior to food intakas generally lower on binge days as
compared to nonbinge days. This finding may paitards the importance of negative
affect for the initiation of binge eating episodie88ED. A more detailed analysis of affect
prior to and also after binge eating would be aheanterest, especially compared to BN.
Treatment of BED is traditionally based on intetvems developed for BN (Munsch,
2012). There is, however, evidence for differeringbe initiation of binge eating episodes
in BED and BN. For example Hilbert & Tuschen-Caffi@007) reported that BED
individuals experience less intense negative mbad BN patients and engage in binge
eating also when feeling only moderately negatiMeere is recent evidence, that binge
eating in BED is not triggered by an accumulatibmegative affect as suggested in BN
but a rather an abrupt breakdown in emotion reguiandicated by a sudden increase in
negative affect (Munsch et al.,, 2012). Obviouslycts differences are important for
treatment. Therefore, a more detailed analysimtéadents and also of consequences of
binge eating would be beneficial. For instancefed#nt facets of negative affect (i.e.
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depression, anxiety, anger, guilt, shame) and pdsitive affect should be investigated,
and assessment should occur at different time pdir@. at different time points prior to
food intake, during binge eating, and at differémie points after food intake). This would

also help to identify mechanisms that reinforcegbieating behavior in BED.

We have shown that a laboratory stressor can indhesges in the microstructure of
eating behavior specifically in obese BED individudurther studies should investigate if

this finding can be replicated.

Our data on IER and CER pointed to a stress-indutistirbance in psychological or
biological mechanisms underlying both motivation eat and eating inhibition. These
mechanisms should further be elaborated. For ex@gmgtress-induced secretion of
hormones involved in the short-time regulation @bd intake, such as ghrelin and CCK
secretion should be investigated in BED, in orderbetter understand the role of
physiological appetite regulation under stress EBDB Additionally, reward pathways

could also contribute to a lack of inhibitory canitof food intake. These could be of
interest in BED, because it has been hypothesibedl ‘tsome obese subjects may
experience a greater reward value from food tharrales inhibitory control of food

intake and rendering such individuals easily digiitéd" (Guss et al., 2002, p.1027).

Obese BED and obese NBED did not show a highessstesactivity in cortisol levels. It is
possible, that different HPA axis abnormalitiest thave been observed in BED and obese
subjects are mainly due to excess weight (Lo SaRavaldi, Cabras, Faravelli, & Ricca,
2008). Therefore, further studies should includama weight control groups and bigger
sample sizes in order to test if possible altenstiare related to BED or to obesity per se.
These studies should use stressors with socialiatwad components. The above
mentioned study of Rosenberg et al. (2012) inclualetbrmal weight control group and
used the TSST but did not have a much bigger sasipdée(n = 24). Therefore additional
studies are needed. Also longitudinal studies wosldiseful to test HPA axis-adaptations
to chronical stress in BED in more detail.
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5.6. Implications for treatment

Based on the current findings, the following cosaas for treatment can be drawn:

Treatment should consider psychiatric comorbidggecifically anxiety and depression.

Since women with BED exhibit more negative affectarms of depressive symptoms and
trait anxiety and show a strong tendency to eaesponse to negative affect, treatment
should furthermore include affect-regulation tecjuss, as provided by dialectical

behavior therapy (DBT, Linehan, 1996). DBT focusesthe development of adaptive

emotional regulation skills and their implementatiom daily life and has already been

adapted for treatment in BED (Telch, Agras, & Liah2001).

The current research points towards a stress-indubsficit in the regulation and
perception of hunger and satiety signals in indiaild with BED, which should also be
considered in treatment. Stress-reduction andsstreging techniques should be included
in the treatment of BED. Also techniques to impr®agiety regulation and perception
should be trained in order to enable BED individual apply them in stressful situations.
These techniques include "putting fork down betweeouthfuls, chewing thoroughly
before swallowing, preparing one portion of foocddime, leaving some food on the plate,
pausing in the middle of the meal, doing nothingealhile eating” (Laessle, 2005, p.77).
These techniques could help patients to gain cbawer food intake in stressful situations
and should therefore be taken into account in teatrnent of BED. Furthermore,
mindfulness-based treatment approaches such as atlBEsteller & Wolever, 2011) or
DBT should be considered to improve interoceptwaraness of hunger and satiety while
eating in stressful situations. Such treatmentd@lso support the patient to distinguish
more sharply between emotional stress and hungdr naight therefore result in a

reduction of emotional eating.

Restrained eating was not higher in obese womem BED, suggesting that restraint does
not necessarily has to be targeted in BED treatméstt the mean restraint score in both
the BED and NBED group was higher than 75% of #teres in a nonclinical reference
sample (van Strien et al., 1986). Further, our gaiat to the importance of disinhibition
of cognitive control under negative affect and stren BED subjects. Therefore,

decreasing inhibition of cognitive control should bonsidered in the treatment of BED.
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Since disinhibition of cognitive control is expett® occur less under flexible than under
rigid restraint’ (Végele, 2005), the approach of increasing flexitglstraint and decreasing
rigid restraint, as included in obesity therapyd@u2003) should also be considered in the
treatment of BED.

7 "Rigid Control is characterized by a dichotomous,all-or-nothing approach to eating, dieting, and
weight. Flexible Control, on the other hand, is chaacterized by a more graduated approach to eating,
dieting, and weight, in which “fattening” foods areeaten in limited quantities without feelings of gilt"
(Westenhoefer, Stunkard, and Pudel, 1999, p.54).
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Appendix ADSM-IV Diagnostic criteria for Binge Eating Disad

A. Recurrent episodes of binge eating. An episodargfe eating is characterized by
both of the following:

1. eating, in a discrete period of time (e.g., witamy 2-hour period), an amount of
food that is definitely larger than most people \doeat in a similar period of time under

similar circumstances

2. a sense of lack of control over eating during ¢pesode (e.g., a feeling that one

cannot stop eating or control what or how much isreating)

B. The binge-eating episodes are associated witlk {laremore) of the following:
1. eating much more rapidly than normal

2. eating until feeling uncomfortably full

3. eating large amounts of food when not feeling ptaly hungry

4. eating alone because of being embarrassed by hmhk one is eating

5. feeling disgusted with oneself, depressed, or gerlfy after overeating

C. Marked distress regarding binge eating is present.

D. The binge eating occurs, on average, at leasy alaveek for 6 months.

Note: The method of determining frequency differs frdmattused for Bulimia Nervosa;
future research should address whether the prdfemethod of setting a frequency
threshold is counting the number of days on whiclgds occur or counting the number of

episodes of binge eating.

E. The binge eating is not associated with the regulae of inappropriate
compensatory behaviors (e.g., purging, fastingessive exercise) and does not occur

exclusively during the course of Anorexia Nervos®&uolimia Nervosa.




Appendix BlLaboratory-Based Studies on Eating Behavior in BED

BED

Reference Sample . ; Methods/Instructions Results
diagnosis
Anderson, 24 women DSM-IV single item (chocolate ice cream) = TMI: BED > NBED = normal weight
Williamson, Johnson, . . ) .
& Grieve, 2001 8 obese BED interview to let yourslclelf go and eat as much-> BED: stronger feeling of loss of control
8 obese non-BED as youcan - no differences in enjoyment, postmeal hunger,
. in Lutealphase (kcal +) time to eat the test meal
8 normal weight non-
BED - BED eat faster when instructed to binge eat
- Although they eat more, they don't feel more
satiated
Bartholome, Community sample DSM-IV multiple-item - TMI: BED > NBED
Peterson, Raatz, & . . . . . )
Raymond, 2012 32 obese women interview simulate a binge:"let yourgellf go - TMI + dietary recall (24h): BED > NBED
15 BED and eat as much as you like -> proportion of fat and carbohydrates: BED =
17 normal weight NBED
Galanti, Gluck, & Community sample, QEWP liquid test meal - TMI: BED and BE > non-BED

Geliebter, 2007 men and women (BM#
27)

22 BED

21 BE*

36 non-BED

instruction: "to ingest the test
meal until you feel extremely full"

-> Impulsivity and depression: BED and BE > non-
BED

- .Impulsivity is the best predictor for test meal
intake
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Geliebter, Hassid, &
Hashim, 2001

Goldfein, Walsh,
LaChaussee,
Kissileff, & Devlin,
1993

Gosnell et al., 2001

Outpatient sample QEWP

85 overweight (24
males, 61 females)

30 BED
55 without BED

Community sample QEWP
20 obese women

10 BED

10 non-BED

Community sample  DSM-IV
interview
10 women
5 BED
5 non-BED

130% of their ideal body
weight

liquid test meal

continue until you feel extremely
full

->TMI: BED > NBED, men > women

-> no differences in hunger or fullness ratings after
the meal and in duration of test meal or rate of
intake

- men eat faster than women
-> depression scores. BED > NBED
-> depression scores unrelated to TMI

- Although they eat more, they don't feel more
satiated

single item test meal + instruction> BED greater food intake

to eat normal vs.

multi-item test meal + binge
instruction ("let yourself go and
eat as much as you can")

one or two food items

"let yourself go and eat as much
as you can"

variation of number and amount
of binge foods

single item test meal + instruction to eat normal:
743 kcal vs. 781 kcal

multi-item test meal + binge instruction 1515 kcal
vs. 1115 kcal

- Only in multiple item test meal with instruction
to binge eat : BED > NBED

- TMI: BED = non BED across all conditions (but
tendency)

- Number and amount of food presented
influenced significantly the amount of food
consumed.

- Data obtained across feeding laboratories and/or
feeding paradigms are not comparable unless
amount and number of foods are equivalent.
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Guss, Kissileff,
Devlin, Zimmerli, &
Walsh, 2002

Latner, Rosewall, &
Chisholm, 2009

Lattimore, 2001

Community sample
42 women

12 obese BED with
BMI>38

9 BED with BMI 28 to
32

6 non-BED with
BMI>38

8 non-BED with BMI
2810 32

7 normal weight non-
BED

Community sample
30 women

15 BED

15 NBED

mean BMI 28

female undergratudtes BULLIT-R

who are currently
dieting to loose weight

20 women

11 binge eaters
according to question-

DSM-IV
SCID

DSM-IV

EDE
interview

naire, 9 non-binge eaters

multiple-item meal

- TMI: BED > NBED: under both instructions

"Let yourself go and binge eat" vs> TMI: BED with higher BMI > BED with lower

instruction to eat normal

multiple item test meal

"Relax and let yourself eat as
much or as little as you feel like

eating,.."

high vs. low preload

single item (ice cream)

to eat as much as they wanted"

(taste test)

Stroop test

BMI only when asked to binge eat.
- TMI: binge meals > normal meals only in BED

- kcal of fat: obese > normal weight

- BED higher satiety ratings after binge meal than
after normal meal

- Meal size of BED individuals proportional to
body size but only when asked to binge eat

- TMI: BDE > NBED in both conditions

- BED higher desire to eat, prospective
consumption, excitement about eating, desire for
meals and desserts

Binge eaters consumed more ice cream (mean

difference of 29 g)

Both Binge Eaters and non Binge Eaters consumed
more icecream after the Stroop test

XIAN3IddV
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(Raymond,
Bartholome, Lee,
Peterson, & Raatz,
2007

Sysko, Devlin,
Walsh, Zimmerli, &
Kissileff, 2007

Telch & Agras,
1996a

Telch & Agras,
1996b

Community sample
20 obese women
12 BED

8 NBED

Trestment seeking
sample

36 women

12 obese BED

12 obese NBED
12 normal weight
controls
Community sample
60 females

30 obese BED

30 obese non-BED

Community sample
26 BN (DSM 1lI-R)
26 BED (DSM-1V)

26 overweight, no eating

disorder (NED)

DSM-IV
SCID

DSM-IV

interview

QEWP

QEWP

- TMI: BED > NBED
- kcal of fat: BED > NBED

multiple-item buffet (6-10
different kinds of food)

instruction: "let yourself go and

eat as much as you like" keal

kcal of fat
-> no differences in the proportion of calories from
any macronutrient

single-item (macaroni and cheese)>» TMI: BED > NBED = normal weight

- BED consumed more food to reach a similar
level of fullness or hunger

let yourself go and binge eat"

ratings of hunger and fullness

after every 75g increment of food = Although subjects with BED did not experience
greater levels of hunger, they consumed more on the
test meal under both binge and non binge
instructions

- TMI: BED > NBD

"Feel free to let yourself go and > No difference in food intake between negative
eat as much as you want, there's and neutral mood
no time limit"

multi item buffet

- negative affect was associated with eating
episodes labeled as binges and associated with loss
of control

negative or neutral mood

Multi-item buffet, "Feel freee to > BN = BED = NED inTMI
let yourself go and eat as much a . :
you want, there’s no time limit" ﬁ<cal. buffet + food diary

1 vs. 6 h food deprivation, numberEatlng rate (bites/minute)

of bites was observed, food diaries> No evidence for difference in BED vs. non-BED
and BN in food intake

XIAN3IddV



Yanovski et al., Community sample DSM-IV multicourse meal
1992) 19 women BMI < 30 interview instruction to binge eat ("let
10 BED yourself go and eat as much as

you can" or to eat normal
9 non-BED

- TMI: BED > NBED in both binge and normal
instruction

- BED greater percentage of energy as fat only in
binge meal

-> positive correlation between TMI and BDI score

= means no significant difference,
TMI: Test meal intake,
QEWP: Questionnaire on Eating and Weight PatteBmstfer 1992 #1811},

* consumption of a large amount of food, with a sarfdess of control, while not meeting the full greostic criteria for BED (i.e., lower frequencyhmhge episode

fewer than three behavioral indicators, or lessgrele of distress about their overeating or logoofrol)

XIAN3IddV
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Appendix C:Mean values of cortisol before and after stresshiese women with (BED)

and without (NBED) binge eating disorder (in nmol/I

Cortisol level (nmol/l)

Measurement time

—+—-BED
—&— NBED
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