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My love is as a fever, longing still 
For that which longer nurseth the disease, 
Feeding on that which doth preserve the ill, 
Th’ uncertain sickly appetite to please. 
My reason, the physician to my love, 
Angry that his prescriptions are not kept, 
Hath left me, and I desperate now approve 
Desire is death, which physic did except. 
Past cure I am, now reason is past care, 
And frantic-mad with evermore unrest; 
My thoughts and my discourse as madmen’s are, 
At random from the truth vainly express’s; 

For I have sworn thee fair, and thought thee bright, 
Who art as black as hell, as dark as night. 

 

William Shakespeare, Sonnet 147 
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Abstract 

Body image disturbance is a prominent feature in anorexia nervosa (AN) and encompasses 

alterations across the different dimensions of body image, that is, perception, affect, 

cognition, and behaviour. There is a wealth of research regarding the subjective experience of 

body image disturbance and evidence for underlying neuronal alterations is beginning to 

emerge. The present project was designed to assess basic processes underlying body image 

disturbance with the help of psychophysiological measurement techniques and self-other 

discrimination tasks. In study 1, using a self-other discrimination task with distorted body 

images, we were able to demonstrate interactions between perceptual factors and cognitive 

bias which may sustain a distorted and negative body image in healthy women. Study 2 

showed a discrepancy between explicit negative ratings for body shapes and implicit neutral 

affect towards the same images, as assessed with an affective startle-modulation paradigm, in 

healthy women and women with AN. These results suggest that automatic fear responses to 

fat-distorted self-body pictures, as well as implicit approach motivation towards thin body 

images, as reported in previous studies, are not present in all patients with AN. In study 3 a 

differential alteration of featural and configural visual processing of body images was 

detected in an event-related brain potentials (EEG-ERP) paradigm. Individuals with AN 

showed a lack of discrimination between self-body and self-object pictures between 105 and 

160 ms after stimulus onset (P1 component, featural processing) and an enhanced processing 

of body relative to neutral object pictures between 160 and 225 ms after stimulus onset (N1 

component, configural processing). This suggests alterations in the basic visual processing of 

body shapes in AN, which might be related to influences of top-down attentional modulation. 

Study 4 showed enhanced processing of cardiac visceral signals in the central nervous system 

(CNS) in individuals with AN, which might either be a marker of psychopathology, in 

particular anxiety, or an indication of clinical improvement. In summary, the present results 

do not support the view of a global perceptual deficit in AN, but demonstrate the complexity 

of body image alterations in AN. It appears mandatory to further investigate basic processes 

underlying body image disturbances in AN and in healthy women to arrive at a 

comprehensive understanding of their nature and to provide a theoretical basis for body image 

interventions. The importance of using specific assessment methods, such as indicators of 

body-related processing in the CNS, is highlighted. 
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1. Introduction 

“Our bodies are our gardens, to the which, our wills are gardeners.” 

William Shakespeare, Othello (Act I, Scene 3) 

The central nervous system (CNS) is the control centre of the body. At all times, it must, to a 

certain degree, possess information about the state of the body in order to move efficiently 

through the world. By taking into account the internal and the external state, a behavioural 

decision is made. In this context, an especially important piece of information from the body 

is the available amount of energy. Without energy, the body is unable to survive. Therefore, 

when energy levels decrease, a decision to eat is made and put into practice as soon as food is 

available. Yet, there are situations, in which social constraints may not allow us to eat 

although we are hungry. Moreover, we may wilfully decide to eat less in order to lose weight. 

Here, another perception of the body comes into play; this time, it is the perception of the 

body as an entity in the world, as it is perceived from outside. Our dislike of what we see 

outside may influence our behaviour in a way that has consequences for what we perceive 

inside, by reducing energy supply. 

In some cases, the attempt to lose weight by restricting food intake may run out of control. If 

food restriction is carried to the extreme, it becomes a health hazard. It is one of the key 

characteristics of the clinical presentation of anorexia nervosa (AN) that food intake is 

reduced to a minimum and disturbances of the hormonal system, resulting in amenorrhea, are 

usually the consequence. Apart from that, physiological consequences of starvation affect 

almost all organ systems, from gastrointestinal complications to cardiovascular problems to 

osteoporosis and electrolyte disturbances (Katzman, 2005; Mitchell & Crow, 2006). These 

severe physiological consequences contribute to the fact that AN is one of the most lethal 

mental disorders (Harris & Barraclough, 1998). 

Nevertheless, strict fasting with all its consequences is not the only characteristic of AN. On a 

psychological level, it is characterised by a fear of weight gain and a disturbance in body 

image (American Psychiatric Association, 2000, 2013). Scientific interest in this aspect of AN 

was sparked in the 1960’s by Hilde Bruch’s clinical observations of body image disturbances 

in her patients with AN (Bruch, 1962). She suggested three main characteristics of AN. The 

first is a disturbance of body image in relation to body shape and weight, that is, the patients’ 
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inability of perceiving their weight as dangerously low. The second is a disturbance in the 

perception of signals originating from within the body, especially those related to nutritional 

needs. As the third characteristic, Bruch suggested a sense of ineffectiveness, that is, a feeling 

of not being master of one’s own body and life. A multitude of studies on body shape 

distortion and interoception in AN followed these observations in the 1970’s, and interest in 

these topics is still strong in the 2000’s, with new possibilities offered by brain imaging 

methods. Yet, with all the knowledge we have gained throughout the last decades, we are still 

far from understanding the exact nature of body image disturbances in AN. Research on body 

image in AN has also benefited from advances in general body image research. It is becoming 

ever more widely recognised that body image is a multidimensional construct and that 

perception, affect, cognition, and behaviour must be taken into account when trying to 

elucidate the nature of body image and its alterations in AN (Cash & Green, 1986). The 

current research project was based on this idea of a multidimensional body image and 

provides a detailed analysis of basic processes implicated in the perception and evaluation of 

the body and their alteration in individuals with AN. 
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2. State of the Art 

2.1. Anorexia Nervosa 

AN is an eating disorder, which has been described for the first time by that name in the 

second half of the 19th century (Vandereycken, van Deth, & Meermann, 2003). The main 

symptom of AN is a low body weight which is achieved by strict fasting and, in some cases, 

high levels of exercise or compensatory behaviours such as self-induced vomiting. These 

nutrition related behavioural patterns are accompanied by body image disturbances, manifest 

in a prominent fear of weight gain and often a perceptual distortion of body dimensions. 

Today the Diagnostic and Statistical Manual of Mental Disorders (5th edition; DSM-V; 

American Psychiatric Association, 2013) lists AN next to bulimia nervosa (BN), which is 

characterised by recurrent episodes of binge eating and compensatory behaviours in normal-

weight individuals, and binge eating disorder (BED), where binge eating occurs in the 

absence of prominent compensatory behaviours. AN is not a very frequent disorder. A recent 

review reported lifetime prevalence rates between 0.9 and 2.2% and a point prevalence with 

an average of 0.3% for young females, with the highest incidence rates between 15 and 19 

years of age, and a much lower prevalence for men (Smink, van Hoeken, & Hoek, 2012). 

Nevertheless, the physiological consequences of malnutrition are severe and contribute to 

high mortality rates. A recent meta-analysis found a standardised mortality ratio of 5.86 (95% 

CI, 4.17 - 8.26) for individuals with AN (Arcelus, Mitchell, Wales, & Nielsen, 2011). 

Moreover, treatment of AN is difficult and long-term prognosis discouraging. A long-term 

follow-up study found that after 21 years only 50.6% of the patients had achieved and 

maintained full recovery (Zipfel, Löwe, Reas, Deter, & Herzog, 2000). The seriousness of the 

disorder and dissatisfying treatment outcome make evident the need for further research on 

the aetiology of AN and the improvement of current treatment approaches. 

2.1.1. Diagnostic Criteria 

In the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV; 

American Psychiatric Association, 2000) the diagnosis of AN requires a body weight which is 

less than 85% of expected weight, corresponding to a body mass index (BMI) of 17.5 in adult 

women. In addition, the patient must display a prominent fear of weight-gain. Moreover, a 

body image disturbance must be present, or self-esteem must be unduly influenced by body 
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weight or shape, or the patient must deny that her body weight is seriously low. Furthermore, 

DSM-IV requires the presence of amenorrhea, that is, menstruation must be absent for at least 

three consecutive menstrual cycles. AN may manifest in two different subtypes, the binge-

eating/purging type, which is characterised by recurrent episodes of binge eating or 

compensatory behaviours and the restricting type, in which such behaviours are absent. In 

DSM-V (American Psychiatric Association, 2013) the weight criterion was slightly increased 

to a BMI of below 18.5 and the amenorrhea criterion was dropped, as the usefulness of both 

criteria had been criticised (Watson & Andersen, 2003). Moreover, fear of weight gain is no 

longer mandatory, if the patient engages in behaviours that prevent weight gain. This is due to 

the frequent presentation of non-fat-phobic AN, especially in Asian countries (Lee, Ho, & 

Hsu, 1993; Tareen, Hodes, & Rangel, 2005). The diagnostic criteria for AN in DSM-IV are 

contrasted with those in DSM-V in Table 1. 
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Table 1 

Diagnostic Criteria for AN According to DSM-IV and DSM-V 

DSM-IV: 307.1 DSM-V: K 03 

A. Refusal to maintain body weight at or 
above a minimally normal weight for 
age and height (e.g., weight loss leading 
to maintenance of body weight less than 
85% of that expected; or failure to make 
expected weight gain during period of 
growth, leading to body weight less than 
85% of that expected). 

B. Intense fear of gaining weight or 
becoming fat, even though under-weight. 

C. Disturbance in the way in which one’s 
body weight or shape is experienced, 
undue influence of body weight or shape 
on self-evaluation, or denial of the 
seriousness of the current low body 
weight. 

D. In postmenarcheal females, amenorrhea, 
i.e., the absence of at least three 
consecutive menstrual cycles. (A woman 
is considered to have amenorrhea if her 
periods occur only following hormone, 
e.g., oestrogen administration). 

A. Restriction of energy intake relative to 
requirements leading to a significantly 
low body weight in the context of age, 
sex, developmental trajectory, and 
physical health. Significantly low weight 
is defined as a weight that is less than 
minimally normal (e.g. BMI below 18.5), 
or, for children and adolescents, less than 
that minimally expected (e.g. BMI below 
10th percentile). 

B. Intense fear of gaining weight or 
becoming fat, or persistent behaviour that 
interferes with weight gain, even though 
at a significantly low weight. 

C. Disturbance in the way in which one’s 
body weight or shape is experienced, 
undue influence of body weight or shape 
on self-evaluation, or persistent lack of 
recognition of the seriousness of the 
current low body weight. 

Specify type: 
Restricting Type: during the current episode 
of Anorexia Nervosa, the person has not 
regularly engaged in binge eating or purging 
behaviour (i.e., self-induced vomiting or the 
misuse of laxatives, diuretics, or enemas). 

Binge-Eating/Purging Type: during the 
current episode of Anorexia Nervosa, the 
person has regularly engaged in binge eating 
or purging behaviour (i.e., self-induced 
vomiting or the misuse of laxatives, diuretics, 
or enemas). 

Specify current subtype: 
Restricting Type: during the last 3 months, 
the individual has not engaged in recurrent 
episodes of binge eating or purging 
behaviour (i.e., self-induced vomiting or the 
misuse of laxatives, diuretics, or enemas). 

Binge-Eating/Purging Type: during the last 3 
months, the individual has engaged in 
recurrent episodes of binge eating or purging 
behaviour (i.e., self-induced vomiting or the 
misuse of laxatives, diuretics, or enemas). 

Note. AN = anorexia nervosa; DSM = Diagnostic and Statistical Manual of Mental Disorders; 

BMI = body mass index. 
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2.1.2. Risk Factors 

The Western beauty ideal of a slim body has often been labelled as the culprit for eating 

disorders in the media. This idea has been fostered by research studies showing that exposure 

to media messages related to the thin ideal increases body dissatisfaction (for a review see 

(Grabe, Ward, & Hyde, 2008). Nevertheless, as most women in Western societies are exposed 

to the media but not all of them develop an eating disorder, there must be mediating or 

additional factors. Internalisation of the thin ideal, that is, accepting the society’s ideal as 

one’s own ideal, has been shown to be an important link between the societal thin ideal and 

body dissatisfaction and eating pathology (Thompson & Stice, 2001). In addition, critical 

comments about one’s weight from others have been identified as a potent risk factor for 

eating disorders (Jacobi et al., 2011). Regardless of what causes body dissatisfaction, body 

dissatisfaction itself is a well-established risk factor for dieting and eating disorders (Jacobi, 

Hayward, de Zwaan, Kraemer, & Agras, 2004; Stice, 2002). Apart from society’s role, it has 

been shown that body shape concern underlies a considerable genetic influence (Wade, 

Martin, & Tiggemann, 1998). 

In addition to dissatisfaction with the body’s appearance, deficits in interoceptive awareness 

(cf. chapter 2.2.4) predicted eating disorder symptom onset in several studies (Killen et al., 

1996; Leon, Fulkerson, Perry, & Early-Zald, 1995; Leon, Fulkerson, Perry, Keel, & Klump, 

1999). However, other findings concerning this risk factor have been variable (Jacobi, 

Hayward, et al., 2004), probably because of operationalization issues regarding this factor. In 

most studies a self-report questionnaire was used, that is, the subscale Interoceptive 

Awareness of the Eating Disorder Inventory (EDI; Garner, Olmstead, & Polivy, 1983). This 

scale focuses mainly on difficulties in perceiving emotions, with additional items on the 

perception of hunger and satiety. Accordingly, it comprises a rather broad construct and 

confounds interoceptive processes of different levels (cf. chapter 2.2.4). This example 

illustrates the necessity of precise definitions and operationalizations in risk factor research. 

Next to the risk factors mentioned above, a multitude of other factors has been suggested, 

such as negative affect (Leon et al., 1999) or adverse perinatal events (Bulik, Reba, Siega-Riz, 

& Reichborn-Kjennerud, 2005). A recent meta-analysis has demonstrated the complexity of 

risk factors so far established for eating disorders (Jacobi, Hayward, et al., 2004). Eating 

disorders in general and AN in particular are determined by a multitude of factors. These 

come into play at different points over the lifespan, from the moment of conception to the 
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teenage years, when the disorder is most likely to appear (Jacobi, Hayward, et al., 2004). In 

all likelihood, the exact combination of factors that leads to the onset of AN is different in 

each individual case. 

 

2.2. Body Image 

2.2.1. A Multidimensional Approach to Body Image 

Body image research began with the simple definition of body image being “the picture of our 

own body which we form in our mind, that is to say the way in which the body appears to 

ourselves.” (Schilder, 1935; cited from McCrea, Summerfield, & Rosen, 1982). A later 

definition added influencing factors and described body image as “a loose mental 

representation of body shape, size, and form which is influenced by a variety of historical, 

cultural and social, individual, and biological factors, which operate over varying time spans” 

(Slade, 1994, p. 502). By and by, it was suggested that body image is a multidimensional 

construct. First, the dimensions of body perception and attitude were distinguished (Rucker & 

Cash, 1992; Slade, 1988). Later, it was suggested that body image consists of four 

dimensions: perception, affect, cognition, and behaviour (Cash & Green, 1986; Vocks, 

Legenbauer, Troje, & Schulte, 2006). Today, the dimensionality of body image is a 

commonly held view, whereas the exact number of dimensions remains debated (Banfield & 

McCabe, 2002; Gleaves, Williamson, Eberenz, Sebastian, & Barker, 1995). Using factor 

analysis, Banfield and McCabe (2002) were able to reproduce the perception and behaviour 

factors, but found that body-related affect and cognition loaded on the same factor. This is not 

surprising as the two processes are closely related and might be even more so when assessed 

via self-report questionnaires, where participants might not make a difference between 

thinking that a body part is too big and feeling bad about that body part. This finding 

highlights the importance of precise definitions and precise measurement techniques which 

include the assessment of implicit affect (cf. study 2). 

The division of body image into separate dimensions might be artificial to some degree as 

they are strongly intertwined with each other. Nevertheless, the distinction of body image 

dimensions may help to inform research into specific body image processes and their 

interactions. These interactions become obvious in the following every-day example: A 
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perception might be one’s own body shape seen in a mirror. A resulting affective evaluation 

might be a feeling of disgust at the sight of one’s love handles. This might be accompanied by 

the cognition: “I am too fat and should lose a couple of pounds”, which might result in a 

weight loss diet on the behavioural level. The effect of the behaviour, for example, losing or 

not losing the extra pounds after dieting, will in turn influence perception and evaluation. 

 

Figure 1. Illustration of the four-dimensional body image model. 

Furthermore, body image is often distinguished from body schema, which is action-related 

and contains sensorimotor representations (de Vignemont, 2010). Whereas the definition of 

body schema is rather uniform, body image has sometimes been described as containing all 

other representations of the body, which are not part of the body schema. The exact 

relationship between body image and body schema remains unclear (de Vignemont, 2010). It 

has recently been recognised that body schema might also be altered in eating disorders and 

that this might be linked to alterations in body image (Favaro et al., 2012; Metral et al., 2014). 

However, the exact role of body schema alterations in eating disorders remains to be 

determined by future research. 
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2.2.2. Modalities of Body Perception 

We may recruit all our senses in order to obtain information about the current state of the 

body. There are the senses usually employed for the perception of the outside world, that is, 

vision, audition, olfaction, gustation, tactile sense. These give us information about the body 

in relation to the outside world. As humans are social creatures, a very important function of 

these senses is to inform us about how our body might be perceived by others. However, there 

are also the senses that inform us about the internal state of the body, only partly with regard 

to the outside world. Proprioceptive signals feed the brain with information about the position 

of the body and its limbs and the condition of muscles, tendons, and joints, whereas 

visceroception provides information about the state of inner organs (Birbaumer & Schmidt, 

2006; Schandry, 2003; Vaitl, 1996). All senses combined give us the possibility to perceive 

the current internal state of our body, its position in space, and its outward appearance. When 

the current state of the world around us is added, the brain possesses all relevant information 

in order to effectively adjust behaviour (Vaitl, 1996). Figure 2 illustrates the different 

modalities of body perception in the exteroceptive and interoceptive domains. 

 

Figure 2. Illustration of the different modalities of body perception in the exteroceptive and 

interoceptive domains (Birbaumer & Schmidt, 2006; Schandry, 2003; Vaitl, 1996). 

There have been reports on alterations in several perceptive modalities in persons with AN, 

such as lower olfactory sensitivity (Aschenbrenner, Scholze, Joraschky, & Hummel, 2008; 

Schreder et al., 2008), altered taste processing in the CNS (Wagner et al., 2008), and 
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impairments in proprioception (Eshkevari, Rieger, Longo, Haggard, & Treasure, 2012, 2013). 

A recent review summarised findings on deficits in tactile and proprioceptive processing 

(Gaudio, Brooks, & Riva, 2014). It is important to note that perceptive alterations in different 

modalities may interact. On this note, it has recently been demonstrated that in AN visual size 

overestimation might also be related to distorted somatosensory feedback and a disruption of 

somatosensory and visuospatial connectivity (Favaro et al., 2012). This has direct 

consequences for actions, as became apparent in a task where participants with AN had to 

judge whether they could pass through different doorway-like apertures and then actually pass 

through the doorways (Metral et al., 2014). As the current project is concerned with visual 

and visceral body perception, these modalities will be described in detail below. 

2.2.3. Visual Perception and Body Size Overestimation 

Of the exteroceptive senses, the most relevant one with regard to eating disorders is most 

likely vision. By looking at ourselves in the mirror, we may obtain information about what we 

look like to others. These perceptions inform our visual body image, that is, the representation 

of our body shape and outward appearance (Slade, 1994). This visual body image has been 

found to be distorted in individuals with AN. On average, they overestimate the size of their 

bodies, an effect, which has been replicated many times and has been confirmed in three 

meta-analyses up to date (Cash & Deagle, 1997; Sepúlveda, Botella, & León, 2002; Smeets, 

1997). Moreover, overestimation has been found to be related to worse prognosis (Garfinkel, 

Moldofsky, & Garner, 1977; Slade & Russell, 1973). It has been suggested that 

overestimation in individuals with AN is a mere consequence of their low BMI, as 

underweight individuals without AN also show body size overestimation (Penner, Thompson, 

& Coovert, 1991). Nevertheless, this cannot explain why individuals with BN also 

overestimate their body size (Cash & Deagle, 1997), as they are not usually underweight. It 

appears therefore that size estimation may be influenced by more than one process and it has 

repeatedly been suggested that body perception is influenced by affective, cognitive, and 

other factors, such as hunger (Farrell, Lee, & Shafran, 2005; Slade, 1994). In this context, the 

distinction between perceptual and attitudinal factors has been proposed, which may exert 

more or less influence on body size judgement according to the method applied (Cornelissen, 

Johns, & Tovée, 2013). This in turn would mean that body size estimation is not a measure of 

visual body perception per se and that more precise measures are needed to tackle this 

component of body image. Some investigations have addressed this issue by applying signal 



24 State of the Art 
 

detection methodology, which allows for the separation of sensitivity from response bias (cf. 

chapter 3.1.2). These studies found alterations only in response bias, but not in sensory 

sensitivity in individuals with AN (Gardner & Moncrieff, 1988; Smeets, Ingleby, Hoek, & 

Panhuysen, 1999). Yet, it has been pointed out that cognitive bias may affect sensory 

processing in a top-down manner and therefore lead to alterations in sensory processes after 

all (Farrell et al., 2005). In consequence, it appears mandatory to more closely investigate 

processes of basic body perception in AN. 

The brain areas mainly associated with visual body perception are the extrastriate body area 

(EBA; Downing, Jiang, Shuman, & Kanwisher, 2001) and fusiform body area (FBA; Peelen 

& Downing, 2005; for reviews see: De Gelder et al., 2010; Peelen & Downing, 2007).Women 

show a lateralisation with greater activation in the right hemisphere in both areas, whereas 

men do not (Aleong & Paus, 2010). The right EBA seems to contain neural sub-populations 

that are selectively activated by one’s own vs. other bodies (Myers & Sowden, 2008). 

Functionality (Uher et al., 2005) and connectivity (Suchan et al., 2012) of the EBA appear to 

be altered in patients with AN and a reduced density of grey matter has also been observed 

(Suchan et al., 2010). A recent review by Gaudio and Quattrocchi (2012) identifies the EBA, 

fusiform cortex, inferior parietal lobe, and precuneus as being mainly affected during body 

image perception in patients with AN. The authors especially stress the possible role of the 

inferior parietal lobe and precuneus in the distorted perception that patients display towards 

their own body and not towards other women’s bodies (Gaudio & Quattrocchi, 2012). 

Activity in the EBA has been shown to increase with body image treatment (Vocks et al., 

2010). 

2.2.4. Visceroception and the Perception of Hunger and Satiety in Anorexia 

Nervosa 

Visceroception refers to the perception of signals from internal organs. Although it is a 

subcomponent of interoception, the two terms have often been used interchangeably, and will 

be used so in the following. A variety of measures have been used in order to assess 

interoception. As correlations between different assessment methods are often weak, it has 

been suggested that they refer to different aspects of interoception, that is, the dimensions of 

interoceptive accuracy, sensibility, and awareness (Garfinkel & Critchley, 2013; Garfinkel, 

Seth, Barrett, Suzuki, & Critchley, 2014). According to this terminology, interoceptive 

accuracy refers to measures of accuracy of the perception of bodily signals, such as the 
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number of counted heartbeats in relation to the number of recorded heartbeats during a given 

interval. Interoceptive awareness is the metacognitive awareness about interoceptive accuracy 

while interoceptive sensibility encompasses self-report measures of body perception 

tendencies. 

Visceroceptive signals are encoded by mechanoreceptors, thermoreceptors, chemoreceptors, 

and nociceptors and are transmitted to the brain via afferent fibres of the parasympathetic and 

sympathetic nervous system (Vaitl, 1996). Via nuclei in the brain stem, for example, nucleus 

tractus solitarii, the signal is transferred to subcortical and cortical areas where a 

representation of the signal is formed, including hypothalamus, thalamus, insular cortex, 

cingulate gyrus, and amygdala (Cameron, 2009). The majority of afferent signals from the 

viscera serves homeostatic functions and does not enter conscious processing (Birbaumer & 

Schmidt, 2006). A major role in the conscious perception of visceral signals seems to be 

played by the right anterior insula (Craig, 2002; Critchley, Wiens, Rotshtein, Öhman, & 

Dolan, 2004; Pollatos, Kirsch, & Schandry, 2005a). In this context, it has been suggested that 

there is a competition between internal and external cues to attain the limited resources of 

cognitive processing with preference being given to the more salient cue (Pennebaker & 

Lightner, 1980). Accordingly, external cues will be more salient most of the time, while 

internal sensations become salient after exertion, morbid processes, or when attention is 

explicitly focused on them. A simplified model of interoceptive processing from the visceral 

process to verbal or motor report is presented in Figure 3. 
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Figure 3. Flow chart of interoceptive processing. The visceral process in question, for 

example, a heartbeat, is encoded by receptors and transmitted to the central nervous system 

(CNS). In the CNS, a preconscious representation of the visceral process is formed, which 

may be accessed by conscious processing. This in turn involves awareness of the visceral 

process, its interpretation, and finally, a report on what has been perceived (Vaitl, 1996). 

Perception of Hunger and Satiety in Anorexia Nervosa 

In eating disorder research, interoception has mainly been investigated in the sense of hunger 

and satiety sensations. Since Bruch (1962) observed deficits in the perception of hunger and 

satiety in her patients with AN, several studies have been conducted in order to explore this 

phenomenon. In the fasted state, individuals with AN were found to give lower ratings of 

hunger as compared to healthy controls in some studies (Halmi, Sunday, Puglisi, & Marchi, 

1989; Halmi & Sunday, 1991; Herpertz, Moll, Gizewski, Tagay, & Senf, 2008), but not in 

another (Garfinkel, 1974). Ratings of satiety after fasting were consistently elevated 

(Garfinkel, Moldofsky, Garner, Stancer, & Coscina, 1978; Halmi et al., 1989; Halmi & 

Sunday, 1991). Findings of reduced hunger levels in AN have been replicated with a dose of 

2-deoxy-D-glucose (Yoshikatsu Nakai, Kinoshita, Koh, Tsujii, & Tsukada, 1987) and during 

insulin-induced hypoglycemia (Nakai & Koh, 2001). During meal intake, hunger and satiety 

ratings appear to be altered in AN, although the precise nature of these alterations remains 

unclear due to the small number of studies available at this moment and methodological 

differences between the studies. One study reported a possible confusion of the concepts of 
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hunger and satiety in AN, as the negative relationship between the two was less pronounced 

than in the healthy control group (Halmi & Sunday, 1991). Moreover, hunger and satiety 

curves across a meal were generally altered (Halmi et al., 1989; Halmi & Sunday, 1991), a 

phenomenon, which persisted even after successful treatment (Halmi et al., 1989). A more 

recent study (Herpertz et al., 2008) found that satiety ratings continued to rise in patients with 

AN, whereas they reached a plateau in healthy controls. In an attempt to measure 

gastrointestinal perception more directly, Coddington and Bruch (1970) introduced a liquid 

meal directly into their participants’ stomachs and found that individuals with AN were less 

accurate in judging the amount introduced than healthy controls. Concerning the period after a 

meal, a poor responsiveness to physiological satiety signals has been described by Garfinkel 

(1978) using an aversion to sucrose test. The control group developed an aversion to sucrose 

tastes after a test meal, while the anorexic group failed to do so. This effect was related to 

body size overestimation and remained unaltered after treatment. 

It should be mentioned, however, that hunger and satiety ratings may not depend on the 

perception of physiological symptoms alone, but might be influenced by cognitive processes. 

Accordingly, it has been found that external cues, such as calorie content (Garfinkel et al., 

1978) and amount (Herpertz et al., 2008) of the food consumed affect satiety ratings in 

individuals with AN. Moreover, in one study, persons with AN experienced the viewing of 

food pictures as satiating (Herpertz et al., 2008). Meal termination appears to be cognitively 

determined in AN, according to the individual’s dieting rules (Garfinkel, 1974). These 

findings suggest that individuals with AN might not rely entirely on physiological sensations 

when reporting hunger and satiety levels and when deciding how much to eat. It might 

therefore be possible, that lower hunger and higher satiety ratings found in samples with AN 

are biased by cognitive distortions that facilitate fasting. Consequently, we are facing a similar 

problem as in the case of body size estimation, that is, that self-reported perception might not 

be perception in the narrow sense of the word, but might be influenced by cognitive factors. 

Findings on altered hunger and satiety ratings have recently been complemented by a study 

demonstrating deficits in the perception of heartbeats in persons with AN (Pollatos et al., 

2008). This finding, concerning interoception of a different visceral system, may hint at a 

more general interoceptive processing deficit, but again, cognitive bias in the reporting of 

internal sensations cannot be excluded. In conclusion, methods are required, which assess 

interoceptive signal processing in a more direct way, in order to be able to clearly distinguish 

between perception and cognitive bias. In addition, it must be clarified if the ability to 
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perceive internal signals is at all relevant in AN, or if the link between perception and action 

has simply been disrupted by cognitive attitudes. It might be the case that individuals with AN 

are well aware of their bodily sensations, but that they do not interpret them as a motivational 

state, that is, hunger, and do not act upon them, that is, by eating. 

The results of a study on gastric functioning are in line with this idea. After short-term food 

deprivation, persons with AN had measurable stomach contractions, which at least some of 

them were able to feel, but which they did not interpret as indicators of hunger (Silverstone & 

Russell, 1967). Similar findings were obtained by Crisp (1965). Other studies reported 

delayed gastric emptying and alterations in gastric motility in individuals with AN (Dubois, 

Gross, & Ebert, 1984; Holt, Ford, Grant, & Heading, 1981; Hölzl & Lautenbacher, 1984). On 

a biochemical level, prolonged insulin responses after glucose injection have been found 

(Crisp, 1965). Insulin is known to affect CNS processing of food pictures in a way, which is 

likely to be associated with the termination of food intake (Guthoff et al., 2010). Prolonged 

insulin responses in AN might, therefore, be associated with higher satiety levels and might 

facilitate fasting. These findings indicate that alterations in the visceral processes, which are 

likely to be involved in forming sensations of hunger and satiety, are another factor that needs 

to be taken into account when investigating visceroception in AN. 

Altered perception or interpretation of visceral stimuli in AN has also been found to be 

represented by alterations in CNS activity. While several studies have investigated neural 

responses to food stimuli in AN, only a small number of these investigations have explicitly 

manipulated hunger and satiety by short-term fasting and test meals. One study (Santel, 

Baving, Krauel, Münte, & Rotte, 2006) found that during the satiated state, individuals with 

AN showed decreased activation in the inferior parietal lobe, which was related to dietary 

restraint. Consequently, a lower level of somatosensory-gustatory processing might support 

fasting behaviour. In the hungry state, there was decreased activation in the occipital cortex, 

which most likely indicates reduced salience of food stimuli (Santel et al., 2006). Note that 

the above described alterations occur at different levels of interoceptive processing, that is, 

CNS representation of visceral processes in the satiated state versus attentional allocation as a 

consequence of visceroceptive processing in the hungry state. Another study (Vocks, 

Herpertz, Rosenberger, Senf, & Gizewski, 2011) performed gustatory stimulation during 

hunger and satiety and reported greater activations in amygdala and EBA in individuals with 

AN during satiety than during hunger, which they suggested might relate to fear of weight 

gain. In contrast, the control group showed stronger activation of the insula during satiety than 
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hunger (Vocks et al., 2011). Accordingly, the AN group did not show the same differential 

insula activation as the control group, which is in line with other reports on altered insula 

activity in AN. The possible role of the insula in the aetiology of eating disorders is discussed 

in detail in chapter 2.3.2. 

Interoceptive Sensibility 

In eating disorder research the most frequently used measure of interoceptive sensibility is the 

subscale Interoceptive Awareness of the EDI (Garner et al., 1983). This subscale consists of 

items referring to the experience of hunger and satiety, as well as items on the experience of 

emotions. The EDI subscale Interoceptive Awareness predicted symptom onset in several 

studies (Killen et al., 1996; Leon et al., 1995, 1999). Moreover, the Interoceptive Awareness 

subscale has been found to be related to depression, perfectionism, and low levels of self-

directedness (Fassino, Pierò, Gramaglia, & Abbate-Daga, 2004). Items on the experience of 

emotions in the EDI subscale Interoceptive Awareness are nearly identical to items in 

frequently used measures of alexithymia, for example, the Toronto Alexithymia Scale 

(Taylor, Ryan, & Bagby, 1985). Alexithymia refers to deficits in identifying and describing 

emotions (Taylor et al., 1985). Consequently, individuals with AN have been found to display 

elevated levels of alexithymia (Bydlowski et al., 2005; Speranza et al., 2005; Zonnevijlle-

Bendek, van Goozen, Cohen-Kettenis, van Elburg, & van Engeland, 2002). Moreover, higher 

levels of alexithymia were associated with unfavorable long-term outcome in one study 

(Speranza, Loas, Wallier, & Corcos, 2007). It is reasonable to mention these findings in the 

context of interoception as several theories of emotion have emphasized an important role of 

the perception of bodily symptoms for the experience of emotions (Damasio, 1996; James, 

1884; Schachter & Singer, 1962). Another associated function is decision making, which has 

been suggested to partly rely on bodily sensations, so called somatic markers (Damasio, 

1996). This process has also been found to be impaired in AN and other eating disorders 

(Brogan, Hevey, & Pignatti, 2010). Yet, as emotions and decision making are assumed to be 

secondary processes building on primary interoceptive processes, it is necessary to treat them 

separately in order to form a comprehensive picture of interoceptive alterations in AN. In 

consequence, the usefulness of the EDI subscale Interoceptive Awareness in interoception 

research is limited. 

Taken together, findings on interoception support Bruch (1962)’s idea of wide-ranging 

alterations in interoceptive processes in AN. Nevertheless, the predominant use of self-report 
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measures leaves questions about underlying processes largely unanswered. Of particular 

interest should be the investigation of the particular roles played by alterations in the visceral 

process itself, its CNS representation, and its conscious perception and interpretation (cf. 

study 4). 

2.2.5. Affective and Cognitive Evaluation and Behavioural Consequences 

Looking at their body in a mirror evokes negative thoughts and feelings in individuals with 

eating disorders (Vocks, Legenbauer, Wächter, Wucherer, & Kosfelder, 2007). As these 

negative thoughts and feelings are deeply intertwined, it is difficult to distinguish between 

cognitive and affective aspects of body dissatisfaction (Banfield & McCabe, 2002). 

Consequently, studies assessing purely affective or purely cognitive evaluation remain rare. In 

an attempt to directly investigate emotional processes in the brain, two studies have reported 

activation of the amygdala when individuals with AN were confronted with manipulated 

photographs of their own bodies which had been distorted in order to simulate weight gain 

(Miyake, Okamoto, Onoda, Kurosaki, et al., 2010; Seeger, Braus, Ruf, Goldberger, & 

Schmidt, 2002). Moreover, amygdala activation has been reported in persons with AN when 

reading unpleasant body-related words (Miyake, Okamoto, Onoda, Shirao, et al., 2010). 

Nevertheless, it must be mentioned that amygdala activation was not found in other studies 

using fat-distorted body pictures (Wagner, Ruf, Braus, & Schmidt, 2003) or unpleasant body-

related words (Redgrave et al., 2010). In contrast, drive for thinness appears to be associated 

with the elicitation of implicit positive affect by pictures of underweight female bodies, as 

assessed with an implicit association test (Ahern, Bennett, & Hetherington, 2008) and a startle 

eye-blink modulation paradigm (Reichel et al., 2014). It has been suggested that fear of 

fatness and drive for thinness are components of body image in addition to size estimation and 

body dissatisfaction (Gleaves et al., 1995). Yet, they appear to represent basic motivational 

drives for approach (of thinness) and avoidance (of fatness). Approach and avoidance 

motivations are usually the consequence of positive and negative affect, respectively (Lang, 

1995). Fear of fatness and drive for thinness might, therefore, be subcomponents of affective 

body image. These two aspects of body image disturbance and their underlying neuroanatomy 

are discussed in more detail in chapter 3.3.2. 

Next to these immediate affective reactions, individuals with AN show prominent cognitive 

distortions, such as black and white rules with regard to weight regulation or an overvalued 

significance of control over eating and weight (Butow, Beumont, & Touyz, 1993). Moreover, 
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persons with AN have an implicit association between weight and self-esteem (Blechert, 

Ansorge, Beckmann, & Tuschen-Caffier, 2011). This has led researchers to adopt cognitive 

strategies for the treatment of AN (Garner & Bemis, 1982). In addition, individuals with AN 

have been found to show a range of attentional biases for body-related information (Faunce, 

2002). For example, they show an attentional bias for their own body versus another woman’s 

body (Blechert, Ansorge, & Tuschen-Caffier, 2010). They also appear to have a preference 

for thin body shapes over fat body shapes over social scenes, as detected with a free viewing 

eye-tracking paradigm (Pinhas et al., 2014). Moreover, it appears to make a difference 

whether individuals with AN are looking at their own body or at another person’s body. This 

was shown in another eye-tracking study (Jansen, Nederkoorn, & Mulkens, 2005). In the 

latter study, persons with eating disorder symptoms preferentially looked at body parts they 

disliked when looking at their own body. In contrast, they had a bias for body parts they liked 

when looking at another person’s body. Moreover, the induction of an attentional bias has 

been shown to increase body dissatisfaction (Smith & Rieger, 2006). Interactions with the 

behavioural domain have also been demonstrated, as body checking behaviour has been 

shown to cause an attentional bias for body-related stimuli (Smeets et al., 2011). The possible 

role of attentional bias in body image overestimation has been discussed in chapter 2.2.3. In 

summary, these findings highlight the interactions between body image dimensions and the 

necessity to operationalise each dimension in a precise manner, for example, by employing 

measures of implicit affective reactions rather than self-report. 

Two prominent behavioural tendencies with regard to body image have been observed in AN: 

body checking and body avoidance (Shafran, Fairburn, Robinson, & Lask, 2004). Body 

checking behaviour describes a tendency to examine the body in detail for signs of fatness and 

thinness (Reas, Whisenhunt, Netemeyer, & Williamson, 2002), whereas body avoidance 

behaviours aim at an avoidance of the confrontation with one’s body shape, for example, by 

wearing lose fitting clothing (Rosen, Srebnik, Saltzberg, & Wendt, 1991). Body checking is 

believed to arise from distorted thoughts about weight and shape (Mountford, Haase, & 

Waller, 2008). These behaviours have been proposed to perpetuate a distorted body image 

through magnification of some and neglect of other body parts, as well as by preventing an 

update of the distorted body image (Fairburn, Shafran, & Cooper, 1999). Cognitive-

behavioural treatment programmes therefore usually include modules aiming at a decrease of 

such behaviours (Vocks et al., 2006). 
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2.3. Theoretical Models for the Development and Maintenance of Body 

Image Disturbance and Anorexia Nervosa 

2.3.1. Cognitive Behavioural Models 

Cognitive behavioural models of eating disorders build on the assumption that mental 

disorders develop through the interplay of a biological disposition with psychological and 

social variables. It is assumed that there are certain predisposing variables, such as fear of 

fatness, over-concern with body size, internalisation of the societal thin ideal, and 

perfectionism (Williamson, White, York-Crowe, & Stewart, 2004), as well as a heightened 

need for control (Fairburn et al., 1999). Specific events, such as negative comments about 

weight or shape from others (Jacobi et al., 2011) may then trigger initial dieting behaviour. In 

AN, dieting is then maintained as it increases feelings of self-control and improves self-

esteem. In this context, body weight and shape serve as indicators for control in typical 

Western cases (Fairburn et al., 1999). 

A cognitive-behavioural model on the development and maintenance of body image 

disturbance proposed by Vocks and Legenbauer (2010) also distinguishes between developing 

and maintaining factors. Body image disturbance develops against the background of 

sociocultural context, such as the emphasis placed on slimness in Western society (Grabe et 

al., 2008). Individual factors contributing to the development of body image disturbance are 

sensory information concerning the body, which contribute to the shaping of body image 

(Slade, 1994), physiological factors such as previous overweight or individual learning 

experience with influence from parents and peers (Jacobi et al., 2011), and personality traits, 

such as low self-esteem, depression, and anxiety (Strober, 1981). Once the negative body 

image has been formed, it can be activated by certain situations, for example, negative 

comments about the body from peers. The accompanying negative affect is then down-

regulated by strategies such as body checking and body avoidance, which are dysfunctional in 

the long run and serve to maintain body image disturbance (Shafran et al., 2004). This model 

provided a suitable basis for a cognitive-behavioural body image treatment programme 

(Vocks & Legenbauer, 2010), which has been shown to reduce distorted cognitions and eating 

disorder psychopathology (Legenbauer, Schütt-Strömel, Hiller, & Vocks, 2011; Vocks et al., 

2006) and to increase activity in the EBA (Vocks et al., 2010). 
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The evaluation of body image interventions in the context of eating disorder treatment is 

currently ongoing. Nevertheless, it has been criticised that many cognitive-behavioural 

treatments for body image disturbance, for example, mirror exposure, lack a clear theoretical 

basis (Farrell, Shafran, & Lee, 2006). In this context, the current project aims at elucidating 

underlying processes of body image disturbances, which have the potential of being targets 

for cognitive-behavioural interventions, for example, hypothesised fear responses when 

exposed to one’s own body shape in AN (study 2) might be modified with exposure 

techniques. 

2.3.2. Neurobiological Models: A Possible Role of the Insular Cortex 

Recently, several neurobiological models have been proposed for AN, in light of the 

increasing amount of knowledge on alterations in brain processes, which has been obtained 

with neuroimaging techniques during the last 20 years. A range of neurological alterations has 

been described in AN, encompassing several brain structures. The model by Nunn and 

colleagues (Nunn, Frampton, Fuglset, Törzsök-Sonnevend, & Lask, 2011; Nunn & Frampton, 

2008) proposes a key role for the insular cortex in these alterations, in its function as 

meditator between other brain structures. Another model, by Kaye and colleagues (Kaye, 

Fudge, & Paulus, 2009; Kaye, Wierenga, Bailer, Simmons, & Bischoff-Grethe, 2013) 

proposes that in AN the balance of reward and inhibition is shifted towards inhibition. Again, 

their model suggests that an important part is played by the anterior insula, as a key structure 

in encoding taste-related reward and bodily needs, through interconnections with the ventral 

striatum (Kaye et al., 2009). 

The insula is a cortical structure, which lies at the base of the Sylvian fissure and is covered 

by the orbito-frontal, fronto-parietal, and temporal opercula. It forms part of the primary taste 

cortex and receives a variety of sensory information (Rolls, 2006). Accordingly, it plays a 

central role in integrating external information with information originating from within the 

body, which is the basis for effective behavioural adaptation. Moreover, it is involved in 

sympathetic and parasympathetic cardiovascular regulation (Shelley & Trimble, 2004). The 

insula is involved in experiencing emotions and sensing the state of the body and has, 

therefore, been brought forth as a possible neural substrate for self-awareness, that is, in 

creating the experience of a sentient being in the here and now (Craig, 2009). A theory on the 

role of the insular cortex in anxiety disorders suggests that the insula produces a predictive 

signal of future body states, in particular aversive body states. The anterior cingulate cortex 
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(ACC) then processes possible discrepancies between predicted and actual body state and 

generates an error signal. Based on this error signal a redistribution of cognitive resources is 

initiated. It has been proposed that in anxiety disorders the predictive signal is heightened, 

leading to the constant expectancy of aversive body states (Paulus & Stein, 2006). The 

theories detailed above also highlight the close interconnection between insula and ACC, 

possibly serving as somatosensory and motor cortices, respectively (Craig, 2009). 

In individuals with AN several studies have reported structural and functional alterations of 

the insular cortex. Concerning morphology, two studies found reduced insula grey matter 

volume (Brooks et al., 2011; Friederich et al., 2012), while another found increased grey 

matter volume (Frank, Shott, Hagman, & Mittal, 2013). The authors of the latter study 

attribute these discrepant findings to differences in methodology, with possible confounding 

of grey and white matter alterations in the former studies. In studies assessing resting state 

cerebral activity, decreases in insula and ACC activation have been found in AN (Kojima et 

al., 2005; Naruo et al., 2001; Takano et al., 2001). Decreased activity in the ACC remained 

present after weight gain (Kojima et al., 2005). A preliminary clinical trial applied deep brain 

stimulation to the ACC of individuals with treatment resistant AN, which produced decreased 

metabolism in the ACC and bilateral insula, and metabolic changes in several other areas 

(Lipsman et al., 2013). Taken together, these studies indicate reductions in insula volume and 

activity in AN, with one exception (Frank et al., 2013). 

A range of studies assessed brain activity during exposure to disorder relevant stimuli, that is, 

the sight and taste of food and the sight of body shapes. Taste processing is immediately 

associated with the insula, as this brain region forms part of the primary taste cortex (Rolls, 

2006). In this context, lower activation of the insula in response to sucrose has been reported 

in individuals recovered from AN (Oberndorfer, Frank, et al., 2013; Wagner et al., 2008). 

Although taste ratings were correlated with insula activity in the control group, this was not 

the case in recovered individuals (Wagner et al., 2008). Another study also assessed 

individuals recovered from AN and found increased activation in insula and putamen in 

response to aversive tastes, in contrast to increased activation of the ventral striatum in 

response to pleasant tastes, when compared to healthy controls (Cowdrey, Park, Harmer, & 

McCabe, 2011). In addition, one study assessed taste-related reward learning and found 

stronger activation of the insula, antero-ventral striatum and prefrontal cortex in individuals 

with AN. Interestingly, obese individuals displayed smaller brain responses in the same areas 

(Frank et al., 2012). The latter studies indicate increased reactivity of reward-related brain 
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areas in response to tastes, while the former suggest generally diminished taste processing. 

This is in line with findings on reduced gustatory and olfactory sensitivity in AN, a deficit, 

which has been shown to improve with treatment (Aschenbrenner et al., 2008). As healthy 

control persons have been found to display enhanced insula responses to gustatory stimuli 

after 24 hours of fasting (Uher, Treasure, Heining, Brammer, & Campbell, 2006), reduced 

insula responses might be specific to AN or long-term fasting. 

With regard to the processing of food pictures, findings are less consistent. Two studies report 

increased insula activation in individuals with AN when viewing high-calorie foods and 

drinks (Ellison, Foong, Howard, & Bullmore, 1998; Kim, Ku, Lee, Lee, & Jung, 2012), while 

another two studies describe decreased activation (Brooks et al., 2012; Holsen et al., 2012). A 

possible difference between the studies is that the latter involved either thinking about eating 

food (Brooks et al., 2012) or a test meal in between scans (Holsen et al., 2012), thereby 

providing a more direct link to food ingestion than mere picture viewing paradigms. Ingesting 

a meal did not produce alterations in insula activation in persons with AN, with continuing 

hypoactivation post-meal (Holsen et al., 2012). Two studies reported the absence of a 

correlation between insula activity and food stimuli ratings in individuals with AN, although 

this correlation was present in the control group (Holsen et al., 2012; Oberndorfer, Simmons, 

et al., 2013). This parallels findings on taste ratings, as described above (Wagner et al., 2008), 

indicating a decoupling of insula activation and food valuation in AN. Furthermore, one study 

reported increased activation of the anterior insula when anticipating food pictures 

(Oberndorfer, Simmons, et al., 2013). This finding is reminiscent of Paulus and Stein (2006)’s 

theory of a heightened insular prediction signal of future aversive body states in anxiety 

disorders. In a similar way, individuals with AN might have a heightened prediction signal for 

aversive body states related to food ingestion. 

Apart from its relevance in the processing of food pictures, the insula has been found to be 

implicated in body-image related processes. In healthy persons, it has been reported to be 

involved in the processing of self-related stimuli (Devue et al., 2007) and the mental rotation 

of one’s own hand (Bonda, Petrides, Frey, & Evans, 1995), indicating that it plays some role 

in forming a mental representation of one’s own body, that is, the body image. In individuals 

with AN responses to self- versus non-self-pictures included decreased activation in the insula 

when compared to healthy controls, hinting at altered processing of self-related body 

information (Sachdev, Mondraty, Wen, & Gulliford, 2008). Other studies more explicitly 

examined affective body image (cf. chapter 2.2.5). Satisfaction ratings of own thin-distorted 
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body shapes produced insula and prefrontal cortex activation in individuals with AN (Mohr et 

al., 2010). In a similar vein, a comparison of one’s own body to that of a slim model induced 

increased activation of the insula and the premotor cortex in individuals with AN, along with 

reduced activation of the ACC (Friederich et al., 2010). In addition, words related to thinness 

produced greater activation in the insula and surrounding regions in individuals with AN 

when compared to healthy controls (Redgrave et al., 2010). In summary, these findings 

indicate a role of the insular cortex in body dissatisfaction. Combining these results with 

findings concerning other brain regions, a recent review described a prefrontal cortex-insula-

amygdala network as being involved in the affective component of body image (Gaudio & 

Quattrocchi, 2012). Findings of amygdala activation in response to body-related stimuli are 

reviewed in chapter 3.3.2. 

In summary, the insula is a brain structure, which seems to be involved in a variety of 

symptoms characteristic of AN, from the visual and gustatory processing of food to affective 

body shape evaluation. The diversity of processes, in which the insula appears to be involved 

highlights the idea of its being a central structure, in which processes from several domains, 

such as interoception, visual perception, and affective evaluation converge, and which may, 

therefore, provide a link between different aspects of body image disturbance in AN (Nunn et 

al., 2011; Nunn & Frampton, 2008). With regard to the development of disordered eating 

behaviour, it has been highlighted that puberty is a critical period in CNS development, 

associated with changes in anatomy, functionality, and neurotransmitter systems (Kaye et al., 

2009). These changes might interact with personality factors, such as harm avoidance, and 

changes in social roles during puberty, and thereby mediate the development of eating 

disorders at this critical period in the transition to adulthood (Kaye et al., 2009). These 

preliminary theories on the neurobiological basis of eating disorders appear promising, but 

require further research until the complexity of neurobiological alterations in eating disorders 

is fully understood. Especially, the ability of such theories to predict onset and outcome of 

eating disorders needs to be challenged by empiric scrutiny. In this context, it appears 

worthwhile to employ psychophysiological paradigms with well-established underlying 

neurophysiology, such as the affective startle-modulation paradigm (study 2) and to examine 

the functional processes associated with CNS activity, such as featural and configural visual 

body perception (study 3) and the CNS processing of visceral signals (study 4). 
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2.4. Research Questions 

The present project is based on a multidimensional view of body image, as proposed by the 

literature (Cash & Green, 1986; Vocks et al., 2006). The focus lies on basic mechanisms of 

body image distortions in the perceptual, affective, and cognitive domains. In order to tap into 

these basic mechanisms, the present project relies on psychophysiological and psychophysical 

measurement techniques, which target more immediate processes than questionnaire 

measures. Although body image is of relevance in many mental disorders, such as eating 

disorders and body dysmorphic disorder, the current investigation is limited to the context of 

eating behaviour and AN. As body image distortions play a major role in AN, it is 

indispensable to explore the basic mechanisms associated with them, in order to understand 

the disorder and inform intervention approaches. The question whether similar processes are 

at work in other body-image related disorders remains to be elucidated by future research. The 

current project was designed to investigate the following research questions in the different 

dimensions of body image: 

 

Cognitive dimension: How is cognitive bias in the recognition of one’s own body related to a 

distorted body image? (Study 1) 

Affective dimension: Do individuals with AN differ from healthy controls in their implicit 

affective evaluation of distorted body shapes? (Study 2) 

Perceptual dimension – visual perception: Is early visual processing of body images altered in 

individuals with AN? (Study 3) 

Perceptual dimension – visceroception: Do individuals with AN differ from healthy controls 

with regard to the cortical processing of visceral signals? (Study 4) 
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3. Empirical Studies 

A series of four studies was conducted, assessing three domains of body image, that is, 

cognition, affect and perception, with perception being explored in the visual and in the 

visceroceptive domain. Study 1 involved a community sample of healthy persons, while 

studies 2, 3, and 4 included a clinical sample of AN patients. 

 

3.1. Cognitive Bias and Sensitivity for Self-Other Discrimination of 

Distorted Body Shapes in Healthy Females (Study 1) 

3.1.1. Abstract 

Individuals with eating disorders overestimate their body size and display cognitive bias for 

their own body in general, and for disliked body parts in particular. Similar perceptual 

distortions and cognitive biases are present in some young women without eating disorders. 

We explored the relationship between cognitive and perceptual factors in the context of a self-

other discrimination task involving thin- and fat-distorted body images. The sample consisted 

of 30 women with a mean age of 23 years. A cognitive bias for classifying fat-distorted 

images as being oneself was related to body size overestimation, whereas better 

discrimination of thin- and fat-distorted bodies was related to a slimmer ideal body image. 

These findings highlight the complex interactions between perceptual and attitudinal factors. 

They furthermore demonstrate that perceptual distortions and cognitive bias are not limited to 

individuals with eating disorders, but also play a role for the body image of young women in 

general. 

3.1.2. Cognitive Bias and Discrimination – A Signal Detection Approach to 

Body Image 

Size Estimation, Recognition and Cognitive Bias 

One of the most intriguing findings in eating disorders is that patients with AN and BN tend 

to overestimate their body size (Cash & Deagle, 1997; Farrell et al., 2005; Sepúlveda et al., 

2002; Smeets, 1997). Moreover, body images of individuals with eating disorders have been 
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found to be more variable (Mussap, McCabe, & Ricciardelli, 2008). It has recently been 

suggested that body size distortion is located on a continuum and not qualitatively different 

between individuals with or without eating disorders (Cornelissen et al., 2013). We may 

therefore expect considerable variation in size estimation also in samples without eating 

disorders. The phenomenon of size estimation distortion in eating disorders has been known 

for decades (Bruch, 1962). Yet, the causes of this phenomenon remain heavily debated (cf. 

chapter 2.2.3). 

In recent years, a wealth of studies has investigated the neural basis of body processing in 

eating disorders and healthy populations. These studies often employ faceless photographs of 

their participants, sometimes in combination with photographs of other persons or even 

distorted to simulate weight change (Mohr et al., 2011; Sachdev, Mondraty, Wen, & 

Gulliford, 2008; Vocks et al., 2010; Vocks et al., 2010). The face is omitted in order to control 

for processes specific to face processing. Moreover, it has been found that one target brain 

area of many body-image related studies, the EBA, shows reduced activation for bodies with 

visible faces as compared to bodies without faces (Morris, Pelphrey, & McCarthy, 2008). 

Nevertheless, it has rarely been verified whether participants recognise themselves on 

standardised, faceless pictures (Hodzic, Kaas, Muckli, Stirn, & Singer, 2009). Manipulating 

the attractiveness of participants’ own faces results in an advantage in self-recognition over 

participants’ real faces (Epley & Whitchurch, 2008). Accordingly, manipulating body shape, 

that is, distorting the participant’s real body photograph in order to create slimmer and heavier 

versions, might result in similar effects and alter the differentiation between one’s own and 

other bodies. The aim of the current study was, therefore, to test the recognisability of 

standardised body pictures on which the face is not visible, along with possible effects of 

picture distortion. 

In addition, we aimed at investigating self-recognition in interaction with body image 

distortion and eating behaviour. Patients with AN show deficits in self-concept which are, 

however, not specific to this disorder (Jacobi, Paul, de Zwaan, Nutzinger, & Dahme, 2004). In 

healthy populations, it has been shown that high self-esteem is associated with a processing 

advantage for self-related information, for example the recognition of own body parts 

(Richetin, Xaiz, Maravita, & Perugini, 2012). There is also a positive association between 

self-esteem and the tendency to recognise a manipulated more attractive version of one’s face 

as one’s own face (Epley & Whitchurch, 2008). We may, therefore, expect that alterations in 
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self-concept, which are associated with eating disorder symptoms, may affect recognition of 

one’s own real and digitally manipulated body. 

Individuals with AN have been found to show an attentional bias for their own body versus 

another woman’s body (Blechert et al., 2010). They also appear to have a preference for thin 

body shapes over fat body shapes over social scenes, as detected with a free viewing eye-

tracking paradigm (Pinhas et al., 2014). Moreover, it appears to make a difference whether 

individuals with AN are looking at their own body or at another person’s body (Jansen et al., 

2005). In this study, employing eye-tracking methods, persons with eating disorder symptoms 

preferentially looked at body parts they disliked when looking at their own body, but at body 

parts they liked when looking at another person’s body. This indicates that in eating disorders 

different attentional biases may be present when looking at one’s own versus another 

woman’s body. In summary, these findings suggest that, when using body image photographs 

in body image research, interactions between the identity of the person on the photograph, 

that is, self or other, as well as effects of distorting the photographs in width must be taken 

into account. 

Signal Detection Theory 

Signal detection theory (SDT) is an approach from the domain of sensory psychophysics, 

which allows for a theoretical distinction between the ability to discriminate between signals 

or events and response bias (Pastore & Scheirer, 1974). SDT is grounded on the assumption 

that each signal is perceived by the receiver at a given intensity. When the receiver is asked to 

report whether or not the signal is present, this report will be influenced by his or her ability to 

perceive the signal as well as cognitive tendencies to report the presence of the signal at a 

given intensity. Accordingly, a liberal decision maker will report presence of the signal at 

lower perceived intensities than a conservative decision maker, that is, with less certainty 

about the correctness of the response (Snodgrass & Corwin, 1988). 

SDT has been successfully applied in the investigation of body image distortion in AN, with 

the finding that body size estimation seems to be influenced by non-sensory, cognitive 

components rather than by discriminatory ability (Gardner & Moncrieff, 1988; Smeets, 

Ingleby, Hoek, & Panhuysen, 1999). Because of the large number of trials needed for the 

calculation of SDT indices (Vossel, 1985), they have not been widely applied in body image 

research and researchers have developed more efficient methods for the assessment of sensory 
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and non-sensory components of body size estimation (Gardner & Boice, 2004). In those 

studies that did apply SDT in body image research (Gardner & Moncrieff, 1988; Smeets et al., 

1999) participants were asked to detect changes in body size distortion. For the present study, 

we took a different approach and used SDT in order to assess recognition of one’s own body 

at different degrees of distortion, that is, the decision concerning the identity of a given body 

and not the distortion. As this approach is novel, effects of body identity and body shape 

distortion on sensory and cognitive aspects of body recognition and their possible relationship 

with body image and eating disorder symptoms were investigated and are reported in an 

exploratory manner. 

Research Questions and Hypotheses 

Due to the novel and exploratory character of the study, we chose a descriptive approach and 

formulated broad research questions rather than precise hypotheses for some parts of the 

study. 

Body Size Estimation 

A first aim of this study was to establish the validity of a custom-made assessment tool for 

body size estimation, that is, a figure rating scale composed of distorted images of the 

participant herself. In this context, we hypothesised that participants would, on average, 

choose the correct image as their real body image, that is, the picture not showing body size 

distortion. Moreover, we expected participants to choose a figure thinner than their own body 

as their ideal body image. We furthermore hypothesized that body size overestimation and 

thinner ideal body image would be related to higher levels of eating disorder symptoms. 

Self-Other Discrimination Task 

The main goal of the study was to explore the effect of distorting self- and other-images in 

width on self-recognition and self-other discrimination. We, therefore, analysed performance 

on a self-other discrimination task using the variables reaction time, reaction accuracy, 

sensitivity (d’), and reaction bias (lnβ). From previous research we may only deduct the 

hypothesis that responses to self-pictures are faster than to other-pictures (Sui, Zhu, & Han, 

2006; Tacikowski & Nowicka, 2010). Moreover, we explored the relationship of self-other 

discrimination at various levels of distortion with body size estimation and body 

dissatisfaction. 
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3.1.3. Method 

Sample 

Participants were recruited via campus notes and the student mailing list of the University of 

Luxembourg. The sample consisted of 30 German speaking female students from the 

University of Luxembourg. Of these, 50% were of Luxembourgish nationality, 33% were of 

German nationality, 7% had multiple citizenships, and 10% were of other nationalities. Mean 

age was M = 22.70 years (SD = 3.20) and mean BMI was M = 22.71 (SD= 3.97; range: 17.01 

to 35.93). Two persons were left-handed (6.70%). 

Procedure 

Participants attended two separate laboratory sessions individually. During the first session, 

participants signed an informed consent form. In addition, questionnaires were filled in, the 

participant’s photograph was taken and her height and weight were measured. During the 

second session, the recognition task was run, as well as the visual size estimation body image 

assessment, and a rating of the photographs for valence and arousal. Time elapsed between 

sessions was M = 4.03 days (SD = 2.83). 

Questionnaires 

Eating Disorder Inventory-2 

Eating disorder symptoms were assessed with the EDI-2 (English: Garner, 1991; German: 

Paul & Thiel, 2005). The EDI-2 is a 91-item self-report measure assessing cognitive, 

affective, and behavioural aspects of eating disorder symptoms. Answers are given on a 6-

point Likert scale ranging from 1 (never) to 6 (always). Sum scores are calculated for the 

subscales Drive for Thinness, Bulimia, Body Dissatisfaction, Ineffectiveness, Perfectionism, 

Interpersonal Distrust, Interoceptive Awareness, Maturity Fears, Asceticism, Impulse 

Regulation, and Social Insecurity. The first three subscales are designed to reflect eating-

disorder specific symptoms, while the other subscales reflect symptoms which are common in 

eating disorders, but not specific to them (Paul & Thiel, 2005). Therefore, only the first three 

subscales were further analysed in the current study. Internal consistencies for these subscales 

were acceptable to very good with Cronbach’s α ranging from α = .78 (Bulimia) to α = .92 

(Body Dissatisfaction). 
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Beck Depression Inventory 

Symptoms of depression were assessed with the Beck Depression Inventory-II (BDI-II; 

English: Beck, Steer, & Brown, 1996; German: Hautzinger, Keller, & Kühner, 2006). The 

BDI-II is a 21-item self-report measure. Each item represents a symptom of depression and 

the participant is given four options for reporting the degree to which each symptom is 

present. The symptoms contained in the questionnaire correspond to those listed in the DSM-

IV criteria for major depression, such as negative mood, feelings of guilt, loss of energy, 

changes in sleeping habits, etc. A total score is calculated as the sum of all scores. Internal 

consistency was acceptable with Cronbach’s α = .79. 

Photo Shooting and Image Manipulation 

For the photo shooting, participants wore skin-coloured, skin-tight leotards and tights, 

covering the entire body (except for feet, hands, and head). They were standing in front of a 

black background with their feet approximately 70 cm apart and their arms stretched out to 

the sides. Digital images were first manipulated by covering the entire head (everything above 

the neck) with black colour, making it identical to the background. Participants’ images were 

then distorted with the Body Form Imaging Programme (Sands, Maschette, & Armatas, 

2004). For each participant, five thinner pictures decreasing in steps of 3% were created, as 

well as five fatter pictures increasing in steps of 3%, resulting in a total of 11 images ranging 

from 85% to 115%, with the undistorted picture representing 100%. Accordingly, the range 

was identical to that used in previous studies by Mohr et al. (2010, 2011), but with larger 

steps between the individual pictures (steps of 1% in Mohr et al., steps of 3% in the current 

study). 

Self-Other Discrimination Task 

Participants were shown their own undistorted photograph and the ten distorted images of 

themselves, as well as the same range of pictures of three persons unknown to them who were 

matched for BMI. We chose three rather than one comparison person in order to probe the 

distinction between “myself” and “others”, rather than “myself” versus “the other woman”. 

The participants’ own images were each repeated 30 times, while each picture of an unknown 

person was repeated 10 times. This resulted in a total of 330 trials showing the participants’ 

own body and a total of 330 trials showing an unknown person (110 trials per unknown 

person). Altogether, 660 trials were run, organised in 6 blocks with short breaks in between. 
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All pictures were presented in a randomised order with a presentation time of 2000 ms and an 

inter-stimulus interval of 1000 ms. Participants were instructed to press the button “Alt” on 

the keyboard whenever they saw pictures of themselves and the button “Alt Gr” for pictures 

of another person. This association was reversed for one half of the participants, with picture 

category-button associations being randomly allocated to participants. Furthermore, 

participants were asked to respond as quickly and as accurately as possible. 

After the task, participants were asked to rate the pictures on 9-point Self-Assessment 

Manikin Scales (SAM; Bradley & Lang, 1994) for valence (1 = positive, 9 = negative) and 

arousal (1 = high arousal, 9 = low arousal). For the rating, all of the participants’ own 

pictures were presented, as well as a selection of the pictures of the unknown persons, which 

consisted of a random selection of one picture at each level of distortion. This procedure was 

chosen due to the long duration of the task, which was more than 30 minutes for the reaction 

time task alone. Arousal ratings were recoded before statistical analysis by subtracting each 

value from 10 so that higher numbers represent higher levels of arousal in the following. 

Visual Body Size Estimation 

After the recognition task, the participant’s 11 photographs (the real photograph, the five 

thinner distorted pictures and the five fatter distorted pictures) were presented at the same 

time, arranged on the screen in random order. We chose this procedure to avoid participants’ 

simply choosing the middle image as their real image, which would have always been correct 

had the figures been arranged in the order of distortion. Participants were then asked to select 

the figure that represented best what they look like (real body image) and the one representing 

what they would like to look like (ideal body image). For each criterion, a new random order 

of the pictures was created. 

Data Analysis 

Reaction times, hit rates, and false alarm rates were calculated for the two picture categories 

self and other. From hit rates and false alarms, the signal detection indices d’ and lnβ were 

calculated according to Equation 1 and Equation 2 (Snodgrass & Corwin, 1988). 

𝑑′ = 𝑧(𝐻𝐻𝐻𝐻) − 𝑧(𝐹𝐹𝐹𝐹𝐹 𝐴𝑙𝑙𝑙𝑙𝑙) 
Equation 1 
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𝑙𝑙𝑙 = ln �
𝑦(𝐻𝐻𝐻𝐻)

𝑦(𝐹𝐹𝐹𝐹𝐹 𝐴𝐴𝐴𝐴𝐴𝐴)
� 

Equation 2 

The SDT index d’ represents the sensitivity of the observer, that is, his or her ability to 

discriminate between signal and noise. A d’ = 0 means that the observer was unable to 

discriminate between signal and noise. Higher values of d’ signify better discrimination. The 

SDT index lnβ is a measure of reaction bias. If lnβ = 0 the observer is unbiased. An lnβ < 0 

means that the observer has a liberal decision criterion, that is, he or she responds to rather 

low levels of signal perception. In contrast, an lnβ > 0 stands for a conservative observer who 

only responds to very high levels of signal perception. 

Outcome variables of the discrimination task, that is, reaction times, percentage of hits, 

discrimination (d’), and reaction bias (lnβ), as well as valence and arousal ratings, were 

analysed separately with 2 × 11 repeated measures analyses of variance (ANOVA). There 

were two within participant factors: identity of the person displayed (self vs. other) and degree 

of distortion (85 vs. 88 vs. 91 vs. 94 vs. 97 vs. 100 vs. 103 vs. 106 vs. 109 vs. 112 vs. 115). 

Greenhouse-Geisser corrections for degrees of freedom were used when applicable. Post hoc t 

tests for significant interactions were performed without correction for multiple comparisons, 

due to the preliminary nature of the study and the small sample size (Friederich et al., 2006). 

As measures of effect size, partial eta squared is reported for ANOVAs, while Cohen’s d is 

reported for post hoc tests. Correlations between body image distortion and eating disorder 

symptoms, and between body image distortion and self-other discrimination were performed 

with Pearson’s correlation coefficient. The critical α-level was set to α = .05 for all analyses. 
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3.1.4. Results 

Visual Body Size Estimation 

On average, participants chose the correct figure as their real body image (M = 100, SD = 

4.73). However, there was considerable variation in size estimation with a range of 92 to 112. 

Concerning ideal body image, participants wished to be slightly thinner than they actually 

were (M = 92.3, SD = 4.84). The range in ideal body image of 85 to 100 clearly shows that no 

participant wished to be heavier, but all wished to be thinner or stay the same. Average 

choices for real and ideal body image are illustrated in Figure 4. 

 
Figure 4. Exemplary figure rating scale composed of a participant’s own distorted body 

images. For the sake of clarity, the figures are ordered according to the degree of distortion, 

with the real photograph of the participant (100%) in the middle. For the actual size 

estimation task the figures were displayed in random order. Average choices for real and ideal 

body image are indicated with arrows. 

The wish to be thinner, as assessed by ideal body image choice, was related to higher BMI 

and higher scores on the EDI subscales Drive for Thinness and Body Dissatisfaction. There 

was a trend for an association with bulimic symptoms. For size estimation, there were trends 

in the correlations with BMI, EDI Bulimia and EDI Body Dissatisfaction, with higher BMI 

and EDI scores being associated with size overestimation. There were no significant 

correlations or trends between body size measures and symptoms of depression. All 

correlations are displayed in Table 2. 

  

Ideal 
Image 

Real 
Image 

 85 88 91 94 97 100 103 106 109 112 115 
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Table 2 

Pearson Correlations of Body Size Estimation and Ideal Body Image with BMI, Eating 

Disorder Symptoms, and Symptoms of Depression 

Measure Size Estimation Ideal Body Image 

BMI .36† -.45* 

EDI-Drive for Thinness .057 -.38* 

EDI-Bulimia .32† -.31† 

EDI-Body Dissatisfaction .32† -.50* 

BDI-II .12 -.11 
Note. Higher values of size estimation indicate overestimation of body size. Lower values of 

ideal body image indicate a wish to be thinner. 

BMI = Body Mass Index; EDI = Eating Disorder Inventory; BDI-II = Beck Depression 

Inventory-II 
† p < .10. * p < .05. 
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Self-Other Discrimination Task 

Reaction Times 

There was a significant main effect for the factor identity, with reaction times being longer for 

the participant’s own body (M = 1034.16, SD = 168.67) than for the other bodies (M = 967.53, 

SD = 116.36), F(1, 29) = 12.37, p = .001, ηp
2 = .30. The main effect for degree of distortion 

was not statistically significant, F(2.77, 80.36) = 1.48, p = .23, ηp
2 = .048. There was a trend 

towards an interaction between identity and degree of distortion, F(4.49, 130.30) = 2.23, p = 

.061, ηp
2 = .071. Post hoc tests showed that at α = .05 the differences between self- and other-

pictures were significant at all degrees of distortion, ps < .039, except for a distortion of 94% 

(p = .30) and the real image of 100% (p = .42). 

 
Figure 5. Mean reaction times for self- versus other-body pictures at varying degrees of image 

distortion. Error bars represent +/- 1 SEM. 
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Reaction Accuracy 

For hit rates, the main effect for identity was not statistically significant, F(1, 29) = 2.37, p = 

.13, ηp
2 = .076. In contrast, there was a significant main effect for degree of distortion, F(2.91, 

84.33) = 4.95, p = .004, ηp
2 = .15. Furthermore, there was a significant interaction between 

identity and degree of distortion, F(2.25, 65.18) = 12.80, p < .001, ηp
2 = .31. Post hoc tests 

showed that at α = .05 the differences between self- and other-pictures were significant at 85, 

88, 97, 112, and 115 percent distortion, ps < .034, all other ps > .068. In a descriptive manner, 

it is interesting to note that mean percentages of hits ranged from 21.21% to 98.48% (M = 

69.53, SD = 20.07) for self-body pictures and from 35.26% to 98.48% (M = 75.74, SD = 

16.66) for other pictures. These descriptive values indicate a wide range of performances, 

with some participants performing worse than on chance level. 

 
Figure 6. Mean reaction accuracy (in percent) for self- versus other-body pictures at varying 

degrees of image distortion. Error bars represent +/- 1 SEM. 
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Discrimination (d’) 

The analysis of effects on discrimination yielded no significant effect for identity, F(1, 29) = 

0.25, p = .62, ηp
2 = .009, and no significant interaction between identity and degree of 

distortion, F(5.71, 165.56) = 0.42, p = .86, ηp
2 = .014. There was, however, a significant main 

effect for degree of distortion, F(3.39, 98.23) = 5.62, p = .001, ηp
2 = .16. 

 
Figure 7. Mean discrimination index (d‘) for self- versus other-body pictures at varying 

degrees of image distortion. Higher values represent better discrimination. Error bars 

represent +/- 1 SEM. 
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Reaction Bias (lnβ) 

On the dependent variable reaction bias there were no significant main effects for identity, 

F(1, 29) = 0.017, p = .90, ηp
2 = .001, or degree of distortion, F(5.18, 150.17) = 0.62, p = .69, 

ηp
2 = .021. Nevertheless, there was a significant interaction between identity and distortion, 

F(4.03, 116.99) = 5.13, p = .001, ηp
2 = .15. Post hoc tests showed that at α = .05 self- and 

other-pictures differed significantly only at 85, 88, and 97 per cent distortion, ps < .044, all 

other ps > .057. Visual inspection of the graph suggests a shift in decision strategies between 

pictures nearer the real picture versus more strongly deviating pictures in both directions. The 

decision criterion was more liberal for self-pictures and more conservative for other-pictures 

near the real picture. In contrast, for strongly distorted pictures in both directions the decision 

criterion was more conservative for self-bodies and more liberal for other-bodies. 

 
Figure 8. Mean reaction bias for self- versus other-body pictures at varying degrees of image 

distortion. Positive values represent conservative decision making while negative values 

represent liberal decision making. Error bars represent +/- 1 SEM. 

Correlational Analyses 

Correlations between performance indicators from the discrimination task and body image 

variables (size estimation and ideal body image) were calculated for performance regarding 

the real (100%), the thinnest (85%) and the fattest (115%) body pictures. Body size estimation 
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was only significantly related to reaction bias for fat-distorted self- and other-pictures. The 

direction of the correlation was opposite for self and other pictures, indicating a bias towards 

classifying fat-distorted pictures as being of oneself at high levels of body size 

overestimation. Ideal body image was positively related to reaction times, that is, a slimmer 

ideal body image was associated with faster reaction times. Furthermore, ideal body image 

was negatively related to discrimination of thin and fat-distorted bodies, that is, a slimmer 

ideal body image was associated with better discrimination for thin and fat-distorted body 

pictures. Correlations with reactions to self-images are displayed in Table 3, whereas 

correlations with reactions to other-images can be found in Table 4. 

Table 3 

Pearson Correlations of Size Estimation and Ideal Body Image with Performance Measures 

for Reactions to Self-Body Images. 

Measure Distortion Size Estimation Ideal Body Image 

Reaction Time 

Thin (85%) -.19 .16 

Real (100%) -.25 .41* 

Fat (115%) -.13 .39* 

Discrimination 

Thin (85%) -.14 -.40* 

Real (100%) .082 -.18 

Fat (115%) .10 -.38* 

Reaction Bias 

Thin (85%) -.22 -.20 

Real (100%) -.25 .12 

Fat (115%) -.52** .12 
Note: * p < .05. ** p < .01. 

  



Cognitive Bias and Sensitivity for Discrimination of Body Shapes (Study 1) 53 
 

Table 4 

Pearson Correlations of Size Estimation and Ideal Body Image with Performance Measures 

for Reactions to Other-Body Images. 

Measure Distortion Size Estimation Ideal Body Image 

Reaction Time 

Thin (85%) -.17 .19 

Real (100%) -.003 .37* 

Fat (115%) .33 .27 

Discrimination 

Thin (85%) -.13 -.40* 

Real (100%) .046 -.16 

Fat (115%) .073 -.37* 

Reaction Bias 

Thin (85%) .17 .14 

Real (100%) .25 -.042 

Fat (115%) .47** -.14 
Note: * p < .05. ** p < .01. 
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Subjective Ratings 

Valence 

There was a significant main effect for identity, with more positive ratings for self-bodies (M 

= 4.49, SD = 1.07) than for other-bodies (M = 5.13, SD = 1.38), F(1, 29) = 5.52, p = .026, ηp
2 

= .16. In addition, there was a significant main effect for distortion, F(2.79, 80.91) = 18.96, p 

< .001, ηp
2 = .40. The interaction between identity and distortion was also significant, F(6.45, 

187.08) = 3.00, p = .007, ηp
2 = .094. Post hoc tests showed that at α = .05 self- and other-

pictures differed significantly for 88, 91, 94, and 97 per cent distortion, ps < .043, all other ps 

> .12. 

 
Figure 9. Mean valence ratings for self- versus other-body pictures at varying degrees of 

image distortion. The scale ranged from 1 to 9 with lower numbers indicating increasingly 

positive affect and higher numbers indicating increasingly negative affect. Error bars 

represent +/- 1 SEM. 
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Arousal ratings 

There was a trend towards a main effect for identity, F(1, 28) = 3.13, p = .088, ηp
2 = .10. The 

main effect for distortion was not significant, F(3.73, 104.55) = 1.48, p = .22, ηp
2 = .050, nor 

was the interaction between identity and distortion, F(5.34, 149.61) = 1.18, p = .32, ηp
2 = 

.041. 

 
Figure 10. Mean arousal ratings for self- versus other-body pictures at varying degrees of 

image distortion. The scale ranged from 1 to 9 with higher numbers indicating higher arousal. 

Error bars represent +/- 1 SEM. 
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3.1.5. Discussion 

Summary and Interpretation of Results 

Size Estimation 

We were able to replicate the typical finding that young women, on average, have an ideal 

body image which is thinner than their current body (Swami, Salem, Furnham, & Tovee, 

2008). Although participants on average chose the correct image as their real image, there was 

considerable variance in body size estimation. Both, a slim ideal body image and body size 

overestimation, were related to higher levels of BMI and eating disorder symptoms, albeit 

with weaker associations for body size estimation than for ideal body image. We thereby 

extend previous findings on altered body size estimation in eating disorders (Cash & Deagle, 

1997; Farrell et al., 2005; Sepúlveda et al., 2002; Smeets, 1997) by demonstrating that altered 

size estimation may also be present in individuals with non-clinical eating disorder symptoms. 

This is in line with more recent findings, which suggest that body size estimation occurs on a 

continuum, with individuals with eating disorders showing the highest degrees of distortion 

(Cornelissen et al., 2013). Nevertheless, the trend of a positive correlation between BMI and 

size estimation in our study is contrary to previous findings of a negative correlation 

(Cornelissen et al., 2013). This underlines the notion that size estimation is not merely a 

function of body size, but is strongly related to other factors. 

To the best of our knowledge, this is the first study assessing estimated and ideal body image 

with a figure rating scale consisting of the participant’s own distorted photographs. The real 

body was, therefore, always the middle anchor of the scale, in contrast to silhouette rating 

scales (Thompson & Altabe, 1991) or the Photographic Figure Rating Scale (Swami et al., 

2008; Viren Swami, Taylor, & Carvalho, 2011), which use identical anchors for all 

participants. The individualised approach ensures that participants have the possibility to 

make judgements in both directions of their real body, thereby avoiding possible ceiling and 

floor effects of silhouette rating scales for individuals with comparably high and low BMIs. 

Results on mean values and correlations with eating disorder variables indicate good validity 

of the scale, while reliability needs to be examined by further research. The scale furthermore 

renders possible the evaluation of size distortion and ideal body image with the same pictures, 

which are used in a reaction time task. 
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Self-Other Discrimination Task 

Results of the self-other discrimination task showed slower reaction times for self- than for 

other-pictures. This is contrary to the well-established processing advantage for self-related 

information and one’s own body (Sui et al., 2006; Tacikowski & Nowicka, 2010). It appears 

that in our experiment, where it was rather difficult to distinguish between self and other-

bodies due to the highly standardised photographs, participants were able to decide more 

quickly that a given body was not theirs, but that of another person. Results in recognition 

performance suggest that the task was generally difficult and that some participants even 

performed worse than chance level. This finding strongly suggests that self-recognition 

should be checked whenever highly standardised, distorted body pictures without faces are 

used as stimulus material. Furthermore, recognition performance seemed to be especially low 

for strongly distorted thin and fat self-pictures. It seems plausible that it is more difficult to 

recognise manipulated pictures of oneself that do not correspond to the mental representation 

of one’s body, than to recognise an unaltered picture which does correspond to the mental 

representation (Slade, 1994). 

Signal detection indices showed that the ability to accurately discriminate body identity (d’) 

did not differ between self- and other-pictures. Discrimination performance, however, was 

affected by degree of distortion, with higher levels of distortion in both directions resulting in 

less accurate discrimination. It appears, therefore, that for strongly distorted body images, 

which do not correspond to the body image one has in mind (Slade, 1994), identities begin to 

blur. Consequently, distorted images may be expected to produce lower levels of self-

identification than real images. Interestingly, discrimination performance for fat- and thin-

distorted body images tended to be better in persons with a slimmer ideal body image. These 

individuals with high levels of body dissatisfaction might engage in body checking 

behaviours to a greater degree (Reas et al., 2002). This might make them more familiar with 

their body, enabling them to recognise it even when distorted. Moreover, body checking has 

been shown to induce an attentional bias for body cues (Smeets et al., 2011), which might be 

an explanation for the association between slimmer ideal body image and speeded reaction 

times in the discrimination task in our study. 

Reaction bias (lnβ) results suggest a shift in decision strategies between pictures nearer the 

real picture versus more strongly distorted pictures in both directions. The decision criterion 

was more liberal for self-pictures and more conservative for other-pictures near the real 
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picture. In contrast, for strongly distorted pictures in both directions the decision criterion was 

more conservative for self-body pictures and more liberal for other-body pictures. This 

suggests that pictures nearest the real picture were associated with a bias towards one’s own 

body while more strongly distorted pictures were associated with a tendency to classify them 

as other-pictures. In addition, response bias scores for the pictures which were distorted most 

extremely into the fat direction were related to body size estimation, in a way that 

overestimators had a bias towards classifying all fat pictures as their own body. This tendency 

to reference fat-related information to oneself may contribute to the belief that one is heavier 

than one actually is. Whereas it has been shown that the induction of an attentional bias for 

body shape- and weight-related information increases body dissatisfaction (Smith & Rieger, 

2006), it remains unclear to what extent such a bias might contribute to body size distortion. 

Subjective Ratings 

Valence ratings indicate that participants rated slightly thinner versions of themselves as 

particularly positive, that is, more positive than other pictures of themselves and more positive 

than pictures of other women at the same degrees of distortion. There were no significant 

effects regarding arousal, with a trend towards higher arousal ratings for self-pictures. The 

valence ratings correspond to the results concerning ideal body image, that is, that participants 

wished to be slightly thinner, on average. This wish and general body dissatisfaction possibly 

reflect an internalisation of the sociocultural idealisation of slimness and dieting (Cafri, 

Yamamiya, Brannick, & Thompson, 2005). 

General Discussion 

The present results indicate that body dissatisfaction and size estimation vary substantially in 

young women. Body dissatisfaction was associated with improved discrimination between 

one’s own and other bodies. Body size overestimation was related to a bias towards 

classifying all fat bodies as being oneself. Strikingly, the measure of size perception (body 

size estimation) was related to cognitive bias in the discrimination task, while body 

dissatisfaction (ideal body image) was related to the sensory discrimination index. This 

finding illustrates the high complexity of body image and of interactions between its 

components (Slade, 1994). It furthermore demonstrates the flaw in signal detection 

approaches, in that their distinction between sensory sensitivity and response bias is rather 

arbitrary and does not provide information on when exactly in the stream of visual processing 

alterations occur (Farrell et al., 2005). Although this illustrates the interaction of attitudinal 
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and perceptual factors, more precise measures are needed in order to determine their relative 

importance in body image distortion and dissatisfaction, and for the aetiology of eating 

disorders. 

Limitations 

The present study was of an exploratory and preliminary nature. Therefore, the effects must 

be replicated in larger samples, including those with eating disorders. Nevertheless, the 

current results demonstrate the large variability in body image parameters in young women 

and thereby inform future studies on risk factors for eating disorders. 

Conclusion 

Response bias and discrimination of distorted body pictures are linked differentially to 

various body image and eating disorder symptom variables. Their exact role in the 

development and maintenance of distorted body image and eating disorder symptoms remains 

unclear at this point, but may help to inform our understanding of eating disorders, as well as 

prevention and intervention approaches in the future. 



60 Basic Aspects of Body-Related Processing in Individuals with Anorexia Nervosa 
 

3.2. Investigating Basic Aspects of Body-Related Processing in Anorexia 

Nervosa 

The present findings on visual body-related processing in healthy persons may be of 

importance for a better understanding of the aetiology of mental disorders, in particular eating 

disorders, and here most prominently, AN. We, therefore, conducted a series of three studies 

with individuals currently in in-patient treatment for AN. The first study is concerned with 

implicit affective evaluation of body pictures, while the second and third studies focus on 

body perception. One of the latter studies was designed for the assessment of visual 

perception of the body, while the other examines perception of signals originating from within 

the body. As all three studies were conducted with the same participants in a single 

experimental session, the present chapter gives an overview of sample characteristics, the 

general experimental procedure, and those methods that were common to the three studies. 

3.2.1. Sample Characteristics 

In studies 2-4 the same sample of patients with AN and healthy control persons took part. The 

total sample size was N = 40, with 20 participants diagnosed with AN according to DSM-V 

(American Psychiatric Association, 2013) and 20 healthy control persons without current 

DSM-IV diagnosis (American Psychiatric Association, 2000), matched for age and socio-

economic status (SES). All participants were female. Exclusion criteria were past or current 

psychotic disorders, current substance abuse or dependence, current posttraumatic stress 

disorder, hearing defects and tinnitus, skin diseases and skin allergies, and a proneness to 

fainting when seeing blood. 

Patients with AN were recruited from Schön Klinik Roseneck in Rosenheim, Germany, a 

psychosomatic hospital. The diagnosis of AN according to DSM-V (American Psychiatric 

Association, 2013) was confirmed for each patient with the Structured Clinical Interview for 

DSM-IV (SCID-I; First, Spitzer, Gibbon, & Williams, 2002; German version by Wittchen, 

Zaudig, & Fydrich, 1997), the self-report screening version of the Structured Interview for 

Anorexic and Bulimic Syndromes (Fichter & Quadflieg, 2000) and consultation of the DSM-

V criteria (American Psychiatric Association, 2013). The SCID-I also served to screen 

patients for current comorbid disorders and lifetime diagnoses of mental disorders. Of these 

patients, n = 10 (50 %) were classified as restricting type AN and n = 10 (50 %) as binge 

eating/purging subtype. Comorbid DSM-IV disorders were present in 7 patients (35 %), of 
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which 5 met diagnostic criteria for a major depression episode and two for major depression 

and anxiety disorders. Seven patients (35 %) were currently treated with psychoactive 

medication, with four patients taking selective serotonin reuptake inhibitors (SSRI), one 

patient taking SSRI and a tricyclic antidepressant, one patient taking a selective serotonin-

norepinephrine reuptake inhibitor (SSNRI), and one patient taking antipsychotic medication 

(Melperone). The patients in our sample reported symptom onset at approximately 15 years of 

age and had had AN symptoms for over 9 years on average. Detailed characteristics of the AN 

group with regard to treatment and symptom duration are presented in Table 5.  

Table 5 

Symptom and Treatment Related Characteristics of the Clinical Sample of AN patients 

Characteristic M SD 

Age at symptom onset 15.30 3.25 

Years since symptom onset 9.50 6.56 

Age at first inpatient treatment 19.10 4.22 

Years since first in-patient treatment 5.55 5.71 

Number of in-patient treatments (including current treatment) 2.85 1.76 

Duration of current in-patient treatment up to participation (in days) 26.65 23.04 
 

Healthy participants for the control group were recruited from the female student population 

of the University of Luxembourg through campus notes and mailing lists, and were screened 

for current and lifetime DSM-IV diagnoses with the SCID-I. In accordance with the current 

practice at the respective institution, participants at the University of Luxembourg received a 

gift voucher worth €50 and participants at the psychosomatic hospital received a gift voucher 

worth €40 as a reimbursement for their participation. 

Most participants were right-handed, with 3 left-handers in the control group (15 %) and 2 

left-handers in the clinical sample (10 %). Five participants in the control group indicated that 

they were smokers (25 %) compared to 4 smokers in the AN group (20 %). Detailed sample 

characteristics are displayed in Table 6. The samples did not differ significantly in age, SES, 

or in the number of days per week on which they regularly consumed alcohol. The AN group 

had a significantly lower BMI and were less physically active than the control group. The 

latter effect may be due to the AN-inpatient treatment regime, which requests patients to 

refrain from exercise and strenuous physical activity. As expected, the groups also differed 

with regard to eating disorder symptomatology, and symptoms of depression and anxiety, 
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with AN patients scoring higher on all variables than control participants, as shown in Table 

7. Furthermore, the groups neither differed with respect to visual body size estimation, nor in 

ideal body image and maximally and minimally acceptable body images, all relative to the 

participant’s real body size. In absolute terms both patients and control participants over-

estimated their body size by about 20%. This contrasts with the results of study 1, in which 

healthy women did not show body size overestimation on average. Although meta-analyses 

suggest that individuals with AN show overestimation to a larger degree than healthy controls 

across studies (Cash & Deagle, 1997; Sepúlveda et al., 2002; Smeets, 1997), there are also 

studies which report overestimation in healthy persons (Fuentes, Longo, & Haggard, 2013). It 

has been suggested that body size distortion is located on a continuum and not qualitatively 

different between individuals with or without AN, which would explain why some studies 

report overestimation even in healthy samples (Cornelissen et al., 2013). Furthermore, at the 

beginning of the second testing session AN patients reported higher levels of state anxiety 

than control participants. Patients had also eaten more recently before the second session than 

control persons, which was due to the hospital routine, which strictly required eating three 

meals a day. As the second session took about three hours, patients usually attended after 

breakfast or lunch. 

Table 6 

Means and Standard Deviations of Socio-Demographic Sample Characteristics 

Characteristic AN Group Control Group t (df) p d 
Age 25.06 (5.17) 24.88 (4.04) -0.12 (38) .90 0.038 

BMI 15.80 (1.63) 22.57 (3.28) 8.27 (27.80) < .001 2.62 

Socio-economic status 4.65 (0.88) 4.70 (0.92) 0.18 (38) .86 0.057 
Alcohol consumption 
(days per week) 1.01 (2.16) 0.78 (1.21) -0.41 (37) .69 0.13 

Exercise (MET-
minutes per week) 

1434.70 
(1416.19) 

4672.23 
(3521.87) 3.81 (24.99) < .001 1.20 

Note. Group differences were tested with t tests. Degrees of freedom were corrected whenever 

equality of variances could not be assumed. Cohen’s d is reported as a measure of effect size. 

BMI = body mass index; MET = metabolic equivalent of task. 
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Table 7 

Means and Standard Deviations of Psychometric Sample Characteristics 

Scale AN Group Control Group t (df) p d 
EDI Drive for Thinness 3.85 (1.07) 2.23 (0.75) -5.55 (38) < .001 1.76 

EDI Bulimia 2.46 (1.32) 1.61 (0.46) -2.72 (23.54) .012 0.86 
EDI Body 
Dissatisfaction 3.84 (1.12) 2.94 (1.01) -2.67 (38) .011 0.84 

Body size estimation 1.18 (0.27) 1.20 (0.17) 0.33 (38) .75 0.10 

Ideal body image 1.06 (0.32) 1.00 (0.11) -0.80 (23.12) .43 0.25 
Maximally acceptable 
body image 1.29 (0.35) 1.45 (0.26) 1.63 (38) .11 0.52 

Minimally acceptable 
body image 0.85 (0.22) 0.84 (0.13) -0.16 (38) .88 0.05 

BDI-II 0.90 (0.65) 0.28 (0.16) -4.11 (21.40) < .001 1.30 

STAI-Trait 2.53 (0.70) 1.69 (0.39) -4.68 (29.90) < .001 1.48 

STAI-State 2.35 (0.61) 1.67 (0.38) -4.20 (38) < .001 1.33 
Time since last meal (in 
minutes) 72.05 (16.38) 239.70 (268.26) 2.79 (19.14) .012 0.88 

Note. Group differences were tested with t tests. Degrees of freedom were corrected whenever 

equality of variances could not be assumed. Cohen’s d is indicated as a measure of effect size. 

EDI = Eating Disorder Inventory; BCQ = Body Consciousness Questionnaire; STAI = State 

and Trait Anxiety Inventory. 

3.2.2. Ethical Approval 

Ethical approval was obtained from the Ethics Review Panel of the University of 

Luxembourg, the national ethics board of Luxembourg (Comité National d’Ethique de 

Recherche Luxembourg), and the ethics committee of the medical faculty of the University of 

Munich. The national commission for data protection in Luxembourg (Commission Nationale 

Pour la Protection des Données Luxembourg) was notified of the data collection. All 

participants provided informed consent for participation in the study and for the use of their 

photographs for research purposes in the wake of the study. 

3.2.3. Procedure 

Participation in the study took place in two sessions. During the first session, participants 

were interviewed with a custom-made socio-demographic interview and the SCID-I (First et 

al., 2002). Then, participants’ photographs were taken. For the photographs, participants were 



64 Basic Aspects of Body-Related Processing in Individuals with Anorexia Nervosa 
 

dressed in a skin-coloured leotard and tights and were photographed in standardised poses. 

We chose standardised clothing covering the whole body in order to remove particular 

features that might ease recognition for some, but not all participants, such as tattoos. In 

addition, it has been shown that women with eating disorders display an attentional bias for 

body parts without clothing (Horndasch et al., 2012), which might introduce artificial effects 

when using clothing which only covers some parts of the body but not others. Control 

participants were weighed and measured in the standardised clothing. For therapeutic reasons, 

this was not possible for the AN group. Instead, height measurements from hospital admission 

were used and weight was collected from the last twice-weekly official weighing in 

underwear. For reasons of data protection both height and weight measurements were self-

reported by patients. At the end of the session, participants received the trait questionnaires 

and were asked to fill them in until the next session. 

The second session consisted of the experiments for studies 2 to 4. The experiments were run 

in fixed order. After preparation of the electroencephalograph (EEG), three resting 

measurements took place. A one-minute measurement with open eyes and a one-minute 

measurement with closed eyes took place in random order. Afterwards, a five-minute resting 

measurement with open eyes was conducted. Then, the experiment of study 3 (visual evoked 

potentials paradigm) was run prior to the experiment of study 4 (heartbeat perception task) 

which was followed by the experiment of study 2 (startle eye-blink modulation paradigm). At 

the end of the experiments, the participants’ real, ideal, maximum and minimum body images 

were assessed with the digital photo distortion software BodyImage (Shibata, 2002). To 

conclude the session, the participants received their reimbursement and were given the 

opportunity to ask any further questions. 

3.2.4. Psychometric and Clinical Assessment 

In addition to the psychophysiological measurements, which are described in detail in the 

respective chapters, we employed several psychometric questionnaires for the trait and state 

assessment of eating disorder symptoms, depressive symptoms, and anxiety. Furthermore, 

two semi-structured interviews were conducted to assess DSM-IV diagnoses and socio-

demographic information. Body image distortion was tested with a special computer 

programme. These non-physiological assessments, which were identical for all three studies, 

will be detailed in the following. 
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Interviews 

Structured Clinical Interview for DSM-IV 

The SCID-I (First et al., 2002; Wittchen et al., 1997) is a semi-structured interview which 

allows the assessment of symptoms and diagnoses of major DSM-IV disorders. It contains 

sections on affective disorders, psychotic disorders, substance abuse and dependence, anxiety 

disorders, somatoform disorders, and eating disorders. Inter-rater reliabilities for the 

individual categories range from moderate to excellent (Lobbestael, Leurgans, & Arntz, 

2011). The interview was conducted by a specially trained psychologist for the assessment in 

the patient sample, and by specially trained psychologists or psychology students for the 

assessment in the control sample. 

Socio-Demographic Interview 

A custom-made interview with structured and semi-structured questions was conducted for 

the assessment of several socio-demographic characteristics, such as age, nationality, and 

mental disorder and treatment history (see Appendix). This interview contained several 

custom-made questions for the assessment of SES according to the International Standard 

Classification of Education (ISCED-97) of the Organisation for Economic Co-operation and 

Development (OECD). SES for each participant was determined by establishing the SES for 

each member of the participant’s household, including parents in the case of students who did 

not live at home but were still economically dependent on their parents, according to the 

ISCED-97 manual (Organisation for Economic Co-operation and Development, 1999). A 

participant’s SES was then determined as the highest SES in her household. 

This interview also included the interview version of the International Physical Activity 

Questionnaire (IPAQ; http://www.ipaq.ki.se/downloads.htm). The IPAQ was used in the short 

version with the last seven days as reference period. This version contains an assessment of 

the number of days and the number of hours per day during which vigorous- and moderate-

intensity activity and walking were performed. The time spent with physical activity of each 

category was then weighted with metabolic equivalent of task (MET) energy expenditure 

estimates. The sum of the weighted categories served as an estimate of MET energy 

expenditure per week. The IPAQ has been shown to have adequate reliability and validity 

across countries (Craig et al., 2003). 



66 Basic Aspects of Body-Related Processing in Individuals with Anorexia Nervosa 
 

Questionnaires 

Several psychometric questionnaires were used for the assessment of eating-disorder and 

general psychopathology in the current study. Trait questionnaires were filled in by 

participants in the period between the first and second experimental sessions, whereas state 

questionnaires were used in order to assess the current state of the participant during the 

second session, which involved the psychophysiological measurements. 

Eating Disorder Inventory-2 

Eating disorder symptoms were assessed with the EDI-2 (English: Garner, 1991; German: 

Paul & Thiel, 2005). The EDI-2 is a 91-item self-report measure assessing cognitive, 

affective, and behavioural aspects of eating disorder symptoms. Answers are given on a 6-

point Likert scale ranging from 1 (never) to 6 (always). Scores are calculated for the subscales 

Drive for Thinness, Bulimia, Body Dissatisfaction, Ineffectiveness, Perfectionism, 

Interpersonal Distrust, Interoceptive Awareness, Maturity Fears, Asceticism, Impulse 

Regulation, and Social Insecurity. In the current study, we calculated subscale scores as the 

average of all items belonging to the subscale. The first three subscales are designed to reflect 

eating-disorder specific symptoms, while the other subscales reflect symptoms which are 

common in eating disorders, but not specific to them (Paul & Thiel, 2005). In the current 

sample, Cronbach’s α ranged from α = .83 to α = .95 for the subscales of the EDI-2 and 

therefore demonstrated adequate to high internal consistency. 

Beck Depression Inventory 

Symptoms of depression were assessed with the BDI-II (English: Beck et al., 1996; German: 

Hautzinger et al., 2006). The BDI-II is a 21-item self-report measure. Each item represents a 

symptom of depression and the participant is given four options for reporting the degree to 

which each symptom is present. The symptoms contained in the questionnaire correspond to 

those listed in DSM-IV criteria for major depression, such as negative mood, feelings of guilt, 

loss of energy, changes in sleeping habits, etc. In the current study, the BDI-II total score was 

calculated as the mean of all items. Internal consistency was high with Cronbach’s α = .96. 

State and Trait Anxiety Inventory 

Anxiety symptoms were assessed on a trait level and, during the second experimental session, 

on a state level with the State-Trait Anxiety Inventory (STAI; English: Spielberger, Gorsuch, 

& Lushene, 1970; German: Laux, Glanzmann, Schaffner, & Spielberger, 1981). The trait and 

state scales consist of 20 items each. Answers are given on a 4-point Likert scale ranging from 



Basic Aspects of Body-Related Processing in Individuals with Anorexia Nervosa 67 
 

1 (almost never) to 4 (almost always). For both versions the total score was calculated as the 

average of all items in the current study. Internal consistency for the STAI-Trait was high 

with Cronbach’s α = .96. Internal consistencies for the STAI-State scale were also excellent 

and ranged between α = .95 and α = .97 for the four measurement time points. 

Self-Report Version of the Structured Interview for Anorexic and Bulimic Disorders 

The self-report screening version of the Structured Interview for Anorexic and Bulimic 

Syndromes (SIAB-S; Fichter & Quadflieg, 2000) was filled in by patients only in order to 

gain additional information for the confirmation of AN diagnoses from the SCID-I. The 

SIAB-S assesses all criteria relevant for eating disorder diagnoses according to DSM-IV, in 

their current manifestation and in the worst-ever manifestation. The self-report version has 

been shown to have good agreement with the interview form of the SIAB (Fichter & 

Quadflieg, 2000). 

Self-Assessment Manikin 

Current affective state during the second experimental session was assessed with the SAM 

scale (Bradley & Lang, 1994) in which participants are asked to rate the valence and arousal 

of their current affective state on a 9-point scale. Each point on the scale is illustrated with a 

manikin with varying facial expression for the valence scale and varying levels of stomach 

prickling for the arousal scale. This measure is routinely used to assess affective reactions to 

pictorial and other stimuli (Bradley & Lang, 1994). In the current study, it was used as a more 

general measure of current affective state, which, because of its shortness, could easily be 

administered several times over the course of the experiments.  

Hunger, Satiety, Craving, Body Image 

During the second experimental session participants were repeatedly asked to indicate their 

current level of hunger, satiety, food craving, and satisfaction with shape and weight. Ratings 

were given on 11-point Likert scales ranging from 0% (not at all) to 100% (highest level of 

hunger, etc,. imaginable). 

BodyImage Programme 

A digital computer programme which gradually distorts a front-view photograph of the 

participant was used in order to assess body image distortion (Shibata, 2002). Participants 

were asked to adjust the provided image according to the following instructions: “How do you 

think you look like?” corresponding to size estimation; “How would you like to look like?” 
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corresponding to ideal body image; “What is the largest body you could imagine for 

yourself?” corresponding to maximally acceptable body image; “What is the thinnest body 

you could imagine for yourself?” corresponding to minimally acceptable body image. For 

each question the participant adjusted four images of which two were twice the real size and 

two were half the real size of the participant’s picture. The final indices were calculated as 

means of the four adjustments. 

3.2.5. Equipment 

Psychophysiological monitoring equipment involved a 64-channel actiCAP active electrode 

EEG-system with two BrainAmp DC amplifiers for EEG channels and one BrainAmp ExG 

amplifier for non-EEG channels (all from Brain Products, Gilching, Germany). Ag/AgCl EEG 

electrodes were arranged according to the 10/20-system with FCz as reference and AFz as 

ground electrode, as displayed in Figure 11. Impedances were kept below 20 kΩ. ExG 

channels were recorded with bipolar reference. Vertical electrooculogram (VEOG) electrodes 

were placed above and below the right eye, horizontal EOG (HEOG) electrodes at the outer 

canthi of the eyes and electromyogram (EMG) electrodes on the orbicularis oculi muscle 

below the left eye. Electrocardiogram (ECG) electrodes were attached according to Einthoven 

lead II on the participant’s chest. For recording the software BrainVision Recorder (Brain 

Products, Gilching, Germany) was used. Data were sampled at a rate of 1000 Hz, with a 

resolution of 0.1 µV for all channels except for ECG (0.5 µV). Recording filters were set to a 

time constant of 10 s for the high-pass filter and 1000 Hz for the low-pass filter. 

Psychophysiological data were analysed with BrainVision Analyzer (Brain Products, 

Gilching, Germany). Visual and auditory stimuli were presented with E-Prime (version 2.0; 

Psychology Software Tools, Inc., Sharpsburg, PA, United States of America). Statistical 

analyses were calculated using SPSS (version 21; IBM SPSS Statistics, New York, NY, 

United States of America). For all analyses, the level of significance was set to α = .05. 
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Figure 11. Electrode configuration for the recording of event-related scalp potentials. G = 

ground electrode (AFz); R = reference electrode (FCz). 

R 

G 
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3.3. Implicit and Explicit Affective Evaluation of Body Images in Anorexia 

Nervosa (Study 2) 

3.3.1. Abstract 

Drive for thinness and fear of fatness are major motivational factors and diagnostic criteria for 

AN. Neuroimaging studies suggest alterations in fear and reward circuits for the processing of 

fat and thin body images, respectively. These alterations can be targeted with the affective 

startle modulation paradigm, as the startle reflex is sensitive to avoidance and approach 

motivation. We employed this paradigm in order to systematically investigate effects of thin- 

and fat-distorted body images of oneself and another person, in a sample of 18 women with 

AN and 20 healthy control women. Results show no modulation of startle by the presentation 

of body images, despite more negative subjective ratings for thin- and fat-distorted bodies in 

general, and more negative valence ratings for body pictures in the AN than in the control 

group. Analysis of positive, negative, and neutral normative pictures revealed a typical 

affective startle modulation effect in the control group and a possible failure of activating 

approach motivation in AN. In conclusion, the body photographs used in our study, which 

highlighted general body shape more than details, did not activate differential implicit 

motivational states in individuals with AN, although they affected subjective ratings. These 

results highlight the importance of distinguishing between cognitive and affective evaluative 

processes. While cognitive evaluation may be more global, implicit affective processes related 

to body image might only be activated by more explicit stimuli and only in subgroups of AN 

patients. 

3.3.2. The Affective Startle Modulation Paradigm 

The Startle Reflex 

The startle reflex is a response to sudden, potentially threatening events and includes a variety 

of muscular contractions that serve to protect the body from potential harm. The most 

consistently evoked response is a contraction of the orbicularis oculi muscle, which results in 

eye-lid closure. This blink reflex occurs approximately 30 to 50 ms after onset of a startling 

event, for example, a sudden loud noise (Lang, Bradley, & Cuthbert, 1990). The primary 

pathway of the acoustic startle reflex begins at the ear, where sound is received, after which 

the signal is transmitted via the cochlear nerve to the cochlear root neurons where the first 
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synapse is located. The signal then continues to the nucleus reticularis pontis caudalis from 

where, after a second synapse, neurons project to the facial motor nucleus where the third 

synapse is located. The facial nerve, arising from the facial motor nucleus, is responsible for 

the pinna reflex in the rat and most likely also for the eye blink reflex in humans (Davis, 

Walker, & Lee, 1999; Koch, 1999). Other structures in the brainstem may also be involved in 

signal transmission to the nucleus reticularis pontis caudalis, that is, the dorsal and ventral 

cochlear nuclei, the lateral superior olive, and the ventrolateral tegmental nucleus (Koch, 

1999). 

From a psychological point of view, the startle reflex is particularly interesting because it can 

be modulated, among others, by the motivational state of the organism, that is, approach or 

avoidance motivation. The motivational state in turn can be manipulated with emotionally 

charged foreground stimuli, such as pictures or videos with positive or negative emotional 

content. Presentation of negative foreground stimuli produces a potentiation of the startle 

response, while positive foreground stimuli lead to attenuation (Lang et al., 1990; Lang, 

1995). While the startle reflex is potentiated when the aversive motivational state of the 

organism matches the defensive nature of the startle reflex, it is attenuated under conditions of 

an appetitive motivational state because this state represents an opposing motivational 

tendency (Lang et al., 1990). In the neural network involved in fear-potentiated startle the 

central nucleus of the amygdala plays a major role with its direct and indirect connections to 

the nucleus reticularis pontis caudalis. The central amygdaloid nucleus receives input from the 

lateral and basal amygdaloid nuclei, which in turn is fed with information from thalamic 

sensory regions and cortical areas, among others (Koch, 1999). The neural network causing 

startle attenuation in an appetitive motivational state has been less extensively explored, but 

has been suggested to involve the nucleus accumbens, a brain area associated with reward 

processing (Birbaumer & Schmidt, 2006; Koch, 1999). 

As the startle reflex is sensitive to approach and avoidance motivation induced by affectively 

charged stimuli, it lends itself to the investigation of fear of fatness and drive for thinness in 

AN. These two characteristics are part of the diagnostic criteria for AN according to DSM-V 

(American Psychiatric Association, 2013) and have been proposed to represent avoidance and 

approach motivation for weight loss, respectively (Levitt, 2003). Moreover, previous research 

indicates that brain areas involved in affective startle modulation might also be involved in 

the processing of thin and fat body images, representing drive for thinness and fear of fatness, 

respectively. 
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A Possible Role of the Amygdala in Fear of Fatness 

The amygdala has been described as “the centerpiece of the subcortical networks involved in 

detecting and responding to threats” (LeDoux, 2003; p.733) and plays a central role in fear-

potentiation of startle, as detailed above. Accordingly, if fear of fatness, which is a 

characteristic of AN by definition (American Psychiatric Association, 2013), is associated 

with an immediate fear response in the presence of stimuli signalling weight gain, it is 

expected to be reflected in increased amygdala activity. 

Two studies have reported activation of the amygdala when individuals with AN were 

confronted with manipulated photographs of their own bodies, which had been distorted to 

look fatter (Miyake, Okamoto, Onoda, Kurosaki, et al., 2010; Seeger et al., 2002). Moreover, 

amygdala activation has been reported in persons with AN when reading unpleasant body-

related words (Miyake, Okamoto, Onoda, Shirao, et al., 2010), although there are also reports 

of null-findings in studies using fat-distorted body pictures (Wagner et al., 2003) or 

unpleasant body-related words (Redgrave et al., 2010). A possible confounder in imaging 

research on body dissatisfaction is the fact that amygdala activation has also been reported in 

healthy females for fat self-body pictures (Kurosaki, Shirao, Yamashita, Okamoto, & 

Yamawaki, 2006), self-comparison to a slim model (Friederich et al., 2007) and unpleasant 

body-related words (Shirao, Okamoto, Mantani, Okamoto, & Yamawaki, 2005; Shirao, 

Okamoto, Okada, Okamoto, & Yamawaki, 2003). This phenomenon might be related to high 

levels of body dissatisfaction in the general population (Fallon, Harris, & Johnson, 2014). 

Moreover, an implicit affective bias against obese body shapes has been reported using event-

related potentials (ERPs; Schupp & Renner, 2011). If overweight stimuli produce the same 

implicit negative evaluation in control persons, this may lead to null-findings when 

contrasting individuals with AN and healthy controls for amygdala activity. This 

methodological issue of imaging research can be overcome by an indirect investigation of 

amygdala activity through the affective startle modulation paradigm and within-groups 

comparisons between body images with varying degrees of thinness or fatness. 

Drive for Thinness and the Reward System 

As opposed to fear of fatness, drive for thinness has been described as an approach motivation 

for weight loss in AN (Levitt, 2003). It has been suggested that the reward system in 

individuals with AN is shifted from the goal of short-term reward, in the shape of enjoying 

food, towards the long-term reward of becoming or staying thin (Kaye et al., 2009). 
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Unfortunately, the neural circuits involved in motivation for thinness have been less well 

explored as aversion to fatness. Of the studies using thin-distorted images of the participants 

themselves, one report found no group differences between individuals with AN and healthy 

controls, with both groups showing activation in the occipito-temporal cortex, the right 

parietal cortex, and the right dorsolateral prefrontal cortex (Miyake, Okamoto, Onoda, 

Kurosaki, et al., 2010). Another study reported stronger activation of the insula and the lateral 

anterior prefrontal cortex in individuals with AN when rating their own thin-distorted body 

image for satisfaction (Mohr et al., 2010). Altered insula activity in this context might reflect 

altered interoceptive processing, and might also result in altered input to the ventral circuit of 

the reward system, through connections to the ventral striatum (Kaye et al., 2009). In this 

respect, one study found greater activation of the ventral striatum in women with AN when 

they processed underweight body shapes in a self-referential way, as compared to normal-

weight body shapes and healthy controls (Fladung et al., 2010). This activation in the ventral 

reward circuit might reflect the motivation for thinness, which is so common in individuals 

with AN (Kaye et al., 2009). In summary, the neural basis of drive for thinness remains 

weakly explored. The likely involvement of the reward system indicates that it may be 

reflected in startle attenuation, in which the reward system appears to be involved, as detailed 

above. 

The Affective Startle Modulation Paradigm in Body Image Research 

Only a small number of studies have employed the affective startle modulation paradigm in 

body image research. Two studies have been conducted with college or university students, 

with the general result that increased startle responses for negative weight-related information 

are associated with higher levels of eating disorder symptoms. More precisely, one study 

(Spresser, Keune, Filion, & Lundgren, 2012) found that startle responses during presentation 

of a photograph of one’s own face with simulated weight gain were positively correlated with 

the subscales Drive for Thinness and Body Dissatisfaction of the EDI-3 (Garner, 2004). 

Another study found scores on the subscale Body Dissatisfaction of the EDI (Garner et al., 

1983) to be positively related to startle responses during reading of negative body-related 

words (Herbert, Kübler, & Vögele, 2013). A study not assessing eating disorder risk produced 

the result that startle magnitude during presentation of pictures of one’s own body was 

reduced as compared to emotional normative pictures, suggesting a positive evaluation (Buck, 

Hillman, Evans, & Janelle, 2004). 
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With regard to samples with eating disorders, one study found no differences between patients 

with AN, patients with bulimia, and healthy controls for startle responses during presentation 

of body pictures, in this case photographs of slim fashion models (Friederich et al., 2006). 

Surprisingly, in this study patients with AN displayed an aversive response for positive 

pictures. Another study assessed startle responses during the presentation of pictures of 

emaciated women and was able to demonstrate an attenuation of the startle response for these 

pictures in patients with AN (Reichel et al., 2014). In conclusion, it appears that in AN 

approach motivation might be directed not towards a slim but an emaciated body. 

Importantly, startle research on body image in AN has, up to now, only used photographs of 

other persons and not of the participant herself. Yet, the presentation of photographs depicting 

other persons might lead to different results than the presentation of self-pictures, as self-

comparison to a slim model has been found to produce amygdala activation in healthy 

controls (Friederich et al., 2007), and individuals with AN have been reported to show 

stronger amygdala activation when looking at another woman’s body than healthy controls 

(Vocks et al., 2010). Moreover, the presence of an attentional bias for self-body pictures in 

individuals with AN suggests that they process self-images differently from non-self-images 

(Blechert et al., 2010). Therefore, it appears mandatory to systematically investigate the 

affective evaluation of self- versus other-bodies in AN. 

Another shortcoming in the literature is that effects of systematic image distortion in the 

thinner and heavier directions have not yet been studied with the affective startle modulation 

paradigm. Previous reports suggest that individuals with AN show an implicit positive 

evaluation of emaciated bodies (Reichel et al., 2014) and that eating disorder symptoms are 

associated with implicit negative evaluation of negative body-related information (Herbert et 

al., 2013; Spresser et al., 2012). It could be argued, therefore, that individuals with AN show 

startle attenuation to thin bodies and startle potentiation to fat bodies. However, the effect of 

startle attenuation for thin pictures might be limited to the participants’ own photographs, as 

comparison with another person might induce amygdala activation, for thin as well as real 

pictures of other persons (Friederich et al., 2007; Vocks et al., 2010). Moreover, implicit 

negative evaluation of fat-distorted pictures might be present in healthy controls, as well 

(Kurosaki et al., 2006; Schupp & Renner, 2011). Accordingly, we presented participants with 

headless photographs of themselves and a BMI-matched unknown person, in the real version 

and digitally distorted thinner and heavier versions. In order to test for more general 
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alterations of emotional reactivity in AN (Friederich et al., 2006), positive, neutral, and 

negative emotional normative pictures were used, as well. 

Hypotheses 

Startle Response 

Hyp. 1: Contrasts for the main effect picture category: 

Hyp. 1a: Positive pictures produce startle attenuation compared to neutral pictures 

(contrast 1; (Lang et al., 1990). 

Hyp. 1b: Negative pictures produce startle potentiation compared to neutral pictures 

(contrast 2; (Lang et al., 1990). 

Hyp. 1c: Self-thin body pictures produce startle attenuation compared to neutral 

pictures (contrast 3; (Fladung et al., 2010). 

Hyp. 1d: Self-real body pictures produce startle attenuation compared to neutral 

pictures (contrast 4; (Buck et al., 2004). 

Hyp. 1e: Self-fat body pictures produce startle potentiation compared to neutral 

pictures (contrast 5; (Kurosaki et al., 2006). 

Hyp. 1f: Other-thin body pictures produce a startle response different from neutral 

pictures (contrast 6; (Friederich et al., 2007; Reichel et al., 2014). 

Hyp. 1g: Other-real body pictures produce startle potentiation compared to neutral 

pictures (contrast 7; (Vocks et al., 2010). 

Hyp. 1h: Other-fat body pictures produce startle potentiation compared to neutral 

pictures (contrast 8; (Schupp & Renner, 2011). 

Hyp. 2: Contrasts for the interaction group × picture category. 

Hyp. 2a: Individuals with AN and control persons differ in their startle response to 

positive relative to neutral pictures (contrast 9; (Friederich et al., 2006). 

Hyp. 2b: Thin self-body pictures elicit a smaller startle response than neutral pictures, 

but only in the AN group (contrast 11; (Reichel et al., 2014). 

Hyp. 2c: The startle potentiation caused by fat self-body pictures is larger in the AN 

group than in the control group (contrast 13; (Miyake, Okamoto, Onoda, 

Kurosaki, et al., 2010; Seeger et al., 2002). 
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Valence Ratings 

The startle response modulation is expected to be reflected in the valence ratings with the 

exception that patients with AN are assumed to give negative explicit ratings for thin self-

pictures, similar to the control group, in spite of startle attenuation, which reflects implicit 

positive evaluation. This discrepancy was reported in a previous study (Reichel et al., 2014). 

Hyp. 3: Contrasts for the main effect picture category: 

Hyp. 3a: Positive pictures receive more positive ratings than neutral pictures (contrast 

3). 

Hyp. 3b: Negative pictures receive more negative ratings than neutral pictures 

(contrast 2). 

Hyp. 3c: Self-thin body pictures receive more negative ratings than neutral pictures 

(contrast 3). 

Hyp. 3d: Self-real body pictures receive more positive ratings than neutral pictures 

(contrast 4). 

Hyp. 3e: Self-fat body pictures receive more negative ratings than neutral pictures 

(contrast 5). 

Hyp. 3f: Other-thin body pictures receive ratings different from neutral pictures 

(contrast 6). 

Hyp. 3g: Other-real body pictures receive more negative ratings than neutral pictures 

(contrast 7). 

Hyp. 3h: Other-fat body pictures receive more negative ratings than neutral pictures 

(contrast 8). 

Hyp. 4: Contrasts for the interaction group × picture category. 

Hyp. 4a: Individuals with AN and control persons differ in their ratings for positive 

relative to neutral pictures (contrast 9). 

Hyp. 4b: Individuals with AN rate fat self-body pictures more negatively compared to 

neutral pictures than the control group (contrast 13). 

Arousal Ratings 

Hyp. 5: Positive and negative pictures are rated as more arousing than neutral pictures 

(contrasts 1, 2; (Lang, 1995). 
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Hyp. 6: Thin body pictures are rated as more arousing than neutral pictures (contrasts 3, 6; 

(Reichel et al., 2014). 

Self-Resemblance Ratings 

Hyp. 7: Self-pictures are rated as more self-resembling than other-pictures (main effect 

identity). 

Hyp. 8: Thin- and fat-distorted pictures are rated as less self-resembling than real pictures 

(main effect distortion; cf. study 1). 

Correlation Analysis 

Hyp. 9: There are positive correlations between the startle magnitude for fat-distorted images 

and the EDI subscales Drive for Thinness and Body Dissatisfaction (Spresser et al., 

2012) 

3.3.3. Method 

Stimulus Material 

Of each participant, 12 pictures were taken in 12 standardized poses. The poses consisted of 

turning the body in steps of 30°. On each picture the feet were about hip-width apart and the 

hands placed on the back of the head. The resulting pictures were manipulated using GIMP 

21. First, the picture was cropped so that only the part of the body between the neck and 

ankles was visible. As a result of this process, all bodies had the same size. Second, images 

were distorted in width. For each image, a version 25% narrower than the original (thin 

picture) and a version 25% wider than the original (fat picture) were created (Kurosaki et al., 

2006; Miyake, Okamoto, Onoda, Kurosaki, et al., 2010). Third, each image was set to a size 

of 1024 x 786 pixels. On each picture the background was a uniform grey (RGB: 

126,126,126). In addition to the participant’s own photographs, she was shown a set of real, 

thin and fat pictures of another participant, matched for BMI. This resulted in a total of 72 

body pictures, 12 each of the following categories: self-thin, self-real, self-fat, other-thin, 

other-real, other-fat. Additionally, the participants were shown a set of affective normative 

                                                 
1 GIMP 2 is an open source image manipulation programme which can be downloaded at http://www.gimp.org/. 
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pictures taken from the International Affective Picture System (IAPS; Lang, Bradley, & 

Cuthbert, 2008). This set consisted of 12 positive, 12 neutral, and 12 negative pictures2. 

Startle Eye-Blink Modulation Paradigm 

The 108 pictures were displayed in random order with the restriction that a picture of one 

category could not be directly followed by another picture of the same category. Presentation 

time was 6 seconds. Inter-stimulus intervals varied randomly between 4 and 8 seconds, with a 

mean of 6 seconds. Ten randomly chosen pictures of each category were paired with a short 

burst of white noise (50 ms, 105 dB[A]) presented via headphones. The tone occurred at a 

random interval between 3 and 5 seconds, in steps of 500 ms, after picture onset. Moreover, 

startle tones were presented in ten randomly selected inter-stimulus intervals. After 

completion of all trials, the pictures were again displayed in the same order as before and 

participants were asked to rate each picture for valence (1 = positive, 9 = negative) and 

arousal (1 = high arousal, 9 = low arousal) on nine-point SAM scales (Bradley & Lang, 

1994). Arousal ratings were recoded before statistical analysis by subtracting each value from 

10 so that higher numbers represent higher levels of arousal in the following. In addition, for 

all body pictures the participants were asked to indicate how much the person shown 

resembled themselves on a nine-point Likert scale (1 = definitely me, 9 = definitely somebody 

else). Total task duration for picture viewing was just over 20 minutes with the picture rating 

taking another 30 minutes. 

Data Analysis 

The EMG signal was first treated with BrainVision Analyzer (Brain Products, Gilching, 

Germany), applying a 28 to 499 Hz band-pass filter (van Boxtel, Boelhouwer, & Bos, 1998). 

The signal was then rectified and integrated using the moving average transformation with a 

time constant of 11 ms (Blumenthal, 1994). Stimulus onset markers were transformed to 

analogue markers, that is, displayed as a continuous signal, and the data was exported for 

further processing. 

                                                 
2 IAPS picture numbers: Positive: 1440, 1441, 1710, 1750, 2057, 2071, 4542, 4597, 5202, 5910, 8461, 8490 
Neutral: 2191, 2377, 2393, 2411, 7001, 7025, 7033, 7175, 7493, 7547, 7595, 8312 
Negative: 1300, 1525, 3550, 6230, 6313, 8485, 9250, 9301, 9341, 9571, 9900, 9925 
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In the next step, EMG responses were detected in a semiautomatic way using a customized 

C++ based computer programme (Clip 2.0.0). This programme automatically fixed a baseline 

period of 200 ms, starting from 250 ms before stimulus onset and ending 50 ms before 

stimulus onset. It further detected EMG peaks in a time window of 0 to 200 ms after stimulus 

onset. Baseline periods and EMG peaks were manually confirmed after automated detection. 

During manual confirmation, peak amplitudes were set to zero if no startle response was 

visible. Trials were treated as missing data in case of electrical and physiological artefacts 

(i.e., excessive background noise, coinciding blinks and other muscular activity, multiple 

peaks). The difference between peak and mean baseline voltage served as startle response 

amplitude. These raw values were then T scored across all blink responses of each individual 

participant, in order to minimise inter-individual variability (Cuthbert, Bradley, & Lang, 

1996; Ferreira de Sá et al., 2014). T-scored startle amplitudes were then averaged across 

visual stimulus categories, including zero responses, resulting in startle response magnitudes. 

Startle response and subjective ratings for valence and arousal were statistically tested using 

planned contrasts comparing each picture category with neutral pictures as reference category. 

This resulted in a total of 16 contrasts for the main effects of picture category and interactions 

between picture category and group, as listed in Table 8. Contrasts for which no specific 

hypotheses were formulated are also reported for completeness. Results of the omnibus mixed 

design 2 × 9 ANOVA with the factors group (AN vs. control) and picture category (neutral 

vs. positive vs. negative vs. self-thin vs. self-real vs. self-fat vs. other-thin vs. other-real vs. 

other-fat) are reported for completeness, but are not interpreted, as specific hypotheses have 

been formulated for the contrasts and a general effect of picture category, over the nine 

categories, would be meaningless.3 Moreover, the main effect of group is not reported for 

startle magnitudes, as between-groups comparisons of T-scored data are meaningless. The 

critical level of significance was set to α = .05 for all analyses. Partial eta squared is reported 

as a measure of effect size. Correlational analyses were performed using Pearson’s r with α = 

.05. The EDI subscales Drive for Thinness and Body Dissatisfaction were correlated with 

                                                 
3 The 2 × 9 ANOVA design with planned contrasts as main hypothesis test was chosen as the design was not 
fully crossed for the picture categories. It was not feasible to analyse IAPS and body pictures in separate 
ANOVA models, as the neutral reference category is required in order to draw conclusions about the absolute 
implicit valence of the body pictures (i.e., positive vs. negative). A comparison across two ANOVA models was, 
furthermore, not possible because of the T scoring of the startle data, which requires that all dependent variables 
across which the T scoring is applied be analysed in the same statistical model. 
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startle magnitudes for body pictures. T-scored startle magnitudes were used in order to avoid 

artificial correlations caused by single participants with large absolute startle magnitudes. 

Table 8 

List of Contrasts Performed for the Factor Picture Category 

Contrast Effect Category Reference 
Category Hypothesis 

1 Main Effect Positive Neutral 1a 
2 Main Effect Negative Neutral 1b 
3 Main Effect Self-Thin Neutral 1c 
4 Main Effect Self-Real Neutral 1d 
5 Main Effect Self-Fat Neutral 1e 
6 Main Effect Other-Thin Neutral 1f 
7 Main Effect Other-Real Neutral 1g 
8 Main Effect Other-Fat Neutral 1h 
9 Interaction with Group Positive Neutral 2a 
10 Interaction with Group Negative Neutral  
11 Interaction with Group Self-Thin Neutral 2b 
12 Interaction with Group Self-Real Neutral  
13 Interaction with Group Self-Fat Neutral 2c 
14 Interaction with Group Other-Thin Neutral  
15 Interaction with Group Other-Real Neutral  
16 Interaction with Group Other-Fat Neutral  

 

Subjective ratings for self-resemblance were analysed using a mixed design 2 × 2 × 3 

ANOVA with the between factor group (control vs. AN) and the within factors identity (self 

vs. other) and distortion (thin vs. real vs. fat). Greenhouse-Geisser adjustment for degrees of 

freedom was used when applicable. A significant main effect of distortion was followed up 

with planned contrasts, comparing thin and fat pictures with real pictures. Significant 

interactions were further investigated using post hoc t tests. The critical level of significance 

was set to α = .05 for ANOVA results on self-resemblance ratings. For all follow-up tests, the 

α-level was adjusted according to Bonferroni, that is, the original α-level was divided by the 

number of tests. As measures of effect size, partial eta squared was calculated for ANOVA 

results, while Cohen’s d was calculated for post hoc t tests. Correlational analyses were 

performed using Pearson’s r with α = .05. The EDI subscales Drive for Thinness and Body 

Dissatisfaction were correlated with startle magnitudes for body pictures. T-scored startle 

magnitudes were used in order to avoid artificial correlations caused by single participants 

with large absolute startle magnitudes. 
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One participant was excluded from the analyses as 96.7 % of her startle responses were 

scored as missing, that is, invalid trials. Another participant was classified as startle non-

responder, as 71.1 % of her reactions were null-responses, and therefore also excluded from 

further analysis. This resulted in a final N = 38 for the startle analysis, with n = 20 participants 

in the control group and n = 18 participants in the AN group. 

3.3.4. Results 

Startle Eye-Blink Response 

Planned contrasts for picture category showed a significant effect only for the comparison of 

negative and neutral pictures (contrast 2), F(1, 36) = 8.53, p = .0060, ηp
2 = .19, all other ps > 

.42. Negative pictures produced larger startle magnitudes (M = 52.07, SD = 3.58) than neutral 

pictures (M = 49.75, SD = 3.36). For the interaction between group and picture category only 

contrast 9 (positive vs. neutral pictures) was significant, F(1, 36) = 6.56, p = .015, ηp
2 = .15, 

all other ps > .14. While the control group showed the expected startle attenuation for positive 

compared to neutral pictures, this pattern was reversed in the AN group. Contrast results are 

summarised in Table 9 and Figure 12. Results of the omnibus ANOVA showed a significant 

main effect for picture category, F(5.80, 208.87) = 2.72, p = .016, ηp
2 = .070, and no 

significant interaction between group and picture category, F(5.80, 208.87) = 1.51, p = .18, 

ηp
2 = .040. 
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Table 9 

Results of Planned Contrasts for the Comparison of Affective and Body Pictures with Neutral 

Pictures and Interaction Effects with the Group Factor on Startle Magnitudes 

Effect Contrast df1, df2 F p ηp
2 

Picture Category 

1. pos-neu 1, 36 0.64 .43 .017 
2. neg-neu 1, 36 8.53 .006 .19 
3. st-neu 1, 36 0.016 .90 < .001 
4. sr-neu 1, 36 0.079 .78 .002 
5. sf-neu 1, 36 0.088 .77 .002 
6. ot-neu 1, 36 0.32 .57 .009 
7. or-neu 1, 36 0.079 .78 .002 
8. of-neu 1, 36 0.071 .79 .002 

Picture Category × Group 

9. pos-neu 1, 36 6.56 .015 .15 
10. neg-neu 1, 36 1.14 .29 .031 
11. st-neu 1, 36 0.058 .81 .002 
12. sr-neu 1, 36 0.13 .73 .003 
13. sf-neu 1, 36 0.43 .52 .012 
14. ot-neu 1, 36 0.005 .94 < .001 
15. or-neu 1, 36 2.20 .15 .058 
16. of-neu 1, 36 < 0.001 > .99 < .001 

Note. neu = neutral pictures; pos = positive pictures; neg = negative pictures; st = self-thin 

body pictures; sr = self-real body pictures; sf = self-fat body pictures; ot = other-thin body 

pictures; or = other-real body pictures; of = other-fat body pictures. 

 
Figure 12. Mean T-scored startle response magnitudes for all picture categories in the control 

group (dark grey bars) and the AN group (light grey bars). AN = anorexia nervosa. Error bars 

represent +/- 1 SEM. 
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Valence Ratings 

Positive pictures were rated more positively (M = 2.71, SD = 0.89) than neutral pictures (M = 

4.80, SD = 0.57), p < .001. Negative pictures (M = 7.70, SD = 0.87), self-thin body pictures 

(M = 5.83, SD = 1.88), self-fat body pictures (M = 6.41, SD = 1.56), other-thin body pictures 

(M = 6.16, SD = 1.81), other-real body pictures (M = 5.21, SD = 1.35), and other-fat body 

pictures (M = 6.01, SD = 1.50) were rated more negatively than neutral pictures, all ps < .04. 

Self-real body pictures (M = 5.11, SD = 1.66) did not differ significantly from neutral 

pictures, p = .23. The interaction between picture category and group was significant for the 

contrasts self-fat pictures versus neutral pictures, other-thin pictures versus neutral pictures, 

and other-real pictures versus neutral pictures, all ps < .003, all other ps > .14. Contrast results 

are summarised in Table 10 and Figure 13. The omnibus ANOVA showed a significant main 

effect for picture category, F(3.56, 128.32) = 49.66, p < .001, ηp
2 = .58, and a trend for an 

interaction between group and picture category, F(3.56, 128.32) = 2.20, p = .080, ηp
2 = .058. 

There was, furthermore, a significant main effect for group, F(1, 36) = 14.60, p < .001, ηp
2 = 

.30. 

Table 10 

Results of Planned Contrasts for the Comparison of Affective and Body Pictures with Neutral 

Pictures and Interaction Effects with the Group Factor on Valence Ratings 

Effect Contrast df1. df2 F p ηp
2 

Picture Category 

1. pos-neu 1. 36 189.69 < .001 .84 
2. neg-neu 1. 36 301.39 < .001 .89 
3. st-neu 1. 36 11.28 .002 .24 
4. sr-neu 1. 36 1.49 .23 .040 
5. sf-neu 1. 36 49.65 < .001 .58 
6. ot-neu 1. 36 29.09 < .001 .45 
7. or-neu 1. 36 4.60 .039 .11 
8. of-neu 1. 36 29.08 < .001 .45 

Picture Category × Group 

9. pos-neu 1. 36 2.14 .15 .056 
10. neg-neu 1. 36 0.16 .69 .004 
11. st-neu 1. 36 1.47 .23 .039 
12. sr-neu 1. 36 1.62 .21 .043 
13. sf-neu 1. 36 189.69 < .001 .84 
14. ot-neu 1. 36 301.39 < .001 .89 
15. or-neu 1. 36 11.28 .002 .24 
16. of-neu 1. 36 1.49 .23 .040 

Note. neu = neutral pictures; pos = positive pictures; neg = negative pictures; st = self-thin 

body pictures; sr = self-real body pictures; sf = self-fat body pictures; ot = other-thin body 

pictures; or = other-real body pictures; of = other-fat body pictures. 
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Figure 13. Valence ratings for all picture categories in the control group (dark grey bars) and 

the AN group (light grey bars). The scale ranged from 1 to 9 with lower numbers indicating 

increasingly positive affect and higher numbers indicating increasingly negative affect. AN = 

anorexia nervosa. Error bars represent +/- 1 SEM. 

Arousal Ratings 

All picture categories, that is, positive pictures (M = 4.06, SD = 1.90), negative pictures (M = 

4.68, SD = 2.05), self-thin body pictures (M = 4.73, SD = 2.40), self-real body pictures (M = 

4.21, SD = 2.16), self-fat body pictures (M = 4.51, SD = 2.05), other-thin body pictures (M = 

4.47, SD = 2.51), other-real body pictures (M = 3.62, SD = 2.00), other-fat body pictures (M = 

4.00, SD = 2.17) received higher arousal ratings than neutral pictures (M = 2.35, SD = 1.37), 

all ps < .001. The interaction between picture category and group was significant for the 

contrasts self-thin bodies versus neutral, self-real bodies versus neutral, self-fat bodies versus 

neutral, other-thin bodies versus neutral, other-fat bodies versus neutral, all ps < .005, all 

other ps > .15. Contrast results are summarised in Table 11 and Figure 14. The omnibus 

ANOVA showed significant main effects of picture category, F(4.14, 148.99) = 18.10, p < 

.001, ηp
2 = .34, and group , F(1, 36) = 20.14, p < .001, ηp

2 = .36, as well as a significant 

interaction between group and picture category, F(4.14, 148.99) = 4.78, p = .001, ηp
2 = .12. 
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Table 11 

Results of Planned Contrasts for the Comparison of Affective and Body Pictures with Neutral 

Pictures and Interaction Effects with the Group Factor on Arousal Ratings 

Effect Contrast df1. df2 F p ηp
2 

Picture Category 

1. pos-neu 1. 36 52.15 < .001 .59 
2. neg-neu 1. 36 57.80 < .001 .62 
3. st-neu 1. 36 83.70 < .001 .70 
4. sr-neu 1. 36 66.60 < .001 .65 
5. sf-neu 1. 36 98.86 < .001 .73 
6. ot-neu 1. 36 57.85 < .001 .62 
7. or-neu 1. 36 21.20 < .001 .37 
8. of-neu 1. 36 40.11 < .001 .53 

Picture Category × Group 

9. pos-neu 1. 36 3.29 .078 .084 
10. neg-neu 1. 36 1.19 .28 .032 
11. st-neu 1. 36 18.30 < .001 .34 
12. sr-neu 1. 36 14.87 < .001 .29 
13. sf-neu 1. 36 17.65 < .001 .33 
14. ot-neu 1. 36 13.69 .001 .28 
15. or-neu 1. 36 2.07 .16 .054 
16. of-neu 1. 36 9.24 .004 .20 

Note. neu = neutral pictures; pos = positive pictures; neg = negative pictures; st = self-thin 

body pictures; sr = self-real body pictures; sf = self-fat body pictures; ot = other-thin body 

pictures; or = other-real body pictures; of = other-fat body pictures. 

 
Figure 14. Arousal ratings for all picture categories in the control group (dark grey bars) and 

the AN group (light grey bars). The scale ranged from 1 to 9 with higher numbers indicating 

higher arousal. AN = anorexia nervosa. Error bars represent +/- 1 SEM. 
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Self-Resemblance 

There was a significant main effect for group, F(1, 36) = 14.80, p < .001, ηp
2 = .29. The AN 

group rated the pictures as more resembling another person (M = 6.02, SD = 1.16) than the 

control group (M = 4.77, SD = 0.82). The main effect for identity was not significant, F(1, 36) 

= 0.004, p = .95, ηp
2 < .001, as was the interaction between identity and group, F(1, 36) = 

0.46, p = .50, ηp
2 = .013. There was a significant main effect for distortion, F(1.45, 52.12) = 

6.76, p = .006, ηp
2 = .16. At α’ = .017, thin-distorted pictures (M = 5.59, SD = 1.70) differed 

significantly from real pictures (M = 4.80, SD = 1.36), t(37) = 2.85, p = .007, d = 0.51, and 

fat-distorted pictures (M = 5.70, SD = 1.39) differed significantly from real pictures, t(37) = 

5.23, p < .001, d = 0.65, while thin- and fat-distorted pictures did not differ significantly from 

each other, t(37) = -0.33, p = .75, d = 0.064. The interaction between distortion and group was 

not significant, F(1.45, 52.12) = 0.041, p = .92, ηp
2 = .001. There was a significant interaction 

between identity and distortion, F(2, 72) = 3.29, p = .043, ηp
2 = .084. However, none of the 

post hoc t tests reached statistical significance at α’ = .017, all ps > .20. The interaction 

between group, identity and distortion was not significant, F(2, 72) = 0.20, p = .82, ηp
2 = .006. 

 
Figure 15. Self-resemblance ratings for body pictures in the control group (dark grey bars) 

and the AN group (light grey bars). The scale ranged from 1 to 9 with lower numbers 

indicating stronger resemblance to one’s own person and higher numbers indicating stronger 

resemblance to another person. AN = anorexia nervosa. Error bars represent +/- 1 SEM. 
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Correlation Analysis 

Startle magnitudes during the presentation of self-real body pictures were negatively related 

to the EDI subscale Drive for Thinness, r = -.32, p = .048, that is, persons with higher levels 

of drive for thinness showed startle attenuation for real self-pictures. There were trends for a 

negative correlation between startle magnitudes for thin self-bodies and the EDI subscales 

Drive for Thinness, r = -.27, p = .098, and Body Dissatisfaction, r = -.29, p = .073, that is, 

persons with higher questionnaire scores on these subscales showed startle attenuation for thin 

self-bodies. 

Table 12 

Pearson Correlations Between Startle Magnitudes for Body Pictures and EDI Subscales 

 Startle Magnitudes 
 Self  Other 
EDI Subscale Thin Real Fat  Thin Real Fat 
Drive for Thinness -.27† -.32* -.072  .11 .26 -.11 
Body Dissatisfaction -.29† -.058 -.22  .16 .21 -.035 
Note. EDI = Eating Disorder Inventory. 
† p < .10. * p < .05. 

3.3.5. Discussion 

We investigated the implicit affective evaluation of body images in AN, employing an 

affective startle modulation paradigm. We hypothesised that individuals with AN would 

display a response pattern characterised by attenuation of startle for thin self-pictures (Hyp. 

2b) and potentiation of startle for fat self-pictures (Hyp. 2c). We further expected this pattern 

to be reflected in negative valence ratings for fat self-pictures (Hyp. 4b) in individuals with 

AN, but expected a discrepancy between implicit and explicit valuation in terms of negative 

subjective ratings for thin self-pictures (Hyp. 3c). Moreover, we used positive, negative, and 

neutral normative pictures in order to investigate general emotional processing in AN (Hyp. 

2a). 

Summary and Interpretation of Results 

Affective Normative Pictures 

The investigation of positive, negative, and neutral affective normative pictures demonstrated 

the typical effect of increased startle magnitude for negative pictures (Hyp. 1b; Lang et al., 
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1990; Lang, 1995). Yet, startle attenuation for positive pictures was only present in the control 

group, but not in the AN group, as predicted by hypothesis 2a. This is in line with previous 

studies, which even reported startle potentiation for positive normative pictures in AN 

(Friederich et al., 2006). Friederich et al. (2006) interpreted this phenomenon as an inability 

of patients with AN to activate their appetitive motivational system. In a similar vein, it has 

been suggested that alterations in ventral-striatal circuits in AN are related to difficulties in 

the processing of emotions and thereby underlie symptoms such as anhedonia (Kaye et al., 

2009). As it is assumed that areas involved in the ventral-striatal reward circuit, such as the 

nucleus accumbens, are also implicated in pleasure-attenuation of the startle reflex 

(Birbaumer & Schmidt, 2006; Koch, 1999), altered reward processing in AN might well be 

responsible for the present findings (Wagner et al., 2007). It should be noted, however, that in 

the study by Reichel et al. (2014), patients with AN did show startle attenuation to positive 

pictures. One difference between the present study and the study by Reichel et al. (2014) 

concerns illness duration, which was considerably longer in the present study (9.5 vs. 1.3 

years). It is possible that failure to activate the approach system is a long-term consequence of 

AN related to a narrowing of interests and other symptoms of the disorder (Fairburn et al., 

1999). 

Notably, the subjective valence ratings for affective normative pictures did not entirely mirror 

the results of the affective startle modulation paradigm. Here, individuals with AN rated 

positive pictures as pleasant, as did healthy controls (Hyp. 3a, Hyp. 3b, Hyp. 4a). This 

discrepancy of explicit (ratings) and implicit (startle) evaluation might be attributed to the fact 

that participants were told beforehand that they were going to see positive, negative and 

neutral pictures. In consequence, individuals with AN might have rated pictures more 

positively when they believed that the pictures belonged to the positive category and that they 

were, therefore, expected to give more positive ratings. Thus, the ratings might have been 

influenced by cognitive deliberation and not merely by pre-attentive affective processes. 

Body Pictures 

The analysis of startle magnitudes did not reveal any significant effects for body pictures. 

This was contrary to our hypotheses that self-pictures would produce startle attenuation (Hyp. 

1d; Buck et al., 2004), that thin-distorted self-pictures would produce startle attenuation (Hyp. 

1c; Fladung et al., 2010) and that fat-distorted self-pictures would produce startle potentiation 

(Hyp. 1e; Kurosaki et al., 2006). Similarly, our expectations of differential startle modulation 
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by other-thin, other-real, and other-fat body pictures were not confirmed (Hyp. 1f, Hyp. 1g, 

Hyp. 1h). Moreover, we were unable to confirm our hypotheses with regard to the AN group, 

that is, that individuals with AN would display startle attenuation for thin self-pictures (Hyp. 

2b) and startle potentiation for fat self-pictures (Hyp. 2c). 

These findings concerning an implicit measure of affect are contrasted by the results for 

subjective ratings. Valence ratings were generally more negative for thin- and fat-distorted 

pictures, as well as for other-real pictures, which was in line with our expectations (Hyp. 3c, 

Hyp. 3e, Hyp. 3f, Hyp. 3h, Hyp. 3g). While thin and fat distorted pictures might simply 

appear unnatural to the viewer, other real pictures might induce a comparison with the other 

person, which may elicit negative affect (Friederich et al., 2007). The AN group gave 

relatively more negative ratings compared to the control group for self-fat body pictures, as 

predicted by hypothesis 4b. In addition, the AN group gave relatively more negative ratings 

for other-thin, and other-real pictures versus neutral pictures, which is in line with the idea 

that these pictures might elicit a social comparison process associated with negative affect in 

individuals with AN (Vocks et al., 2010). Furthermore, we did not find a positive evaluation 

of real self-pictures (Hyp. 3c), which might be attributed to the standardised and rather 

artificial manner in which the body pictures were taken in our study, thereby possibly 

eliminating any positive bias for self-pictures, which has been found in other studies (Buck et 

al., 2004). 

Concerning arousal ratings, all affective and body pictures were rated as more arousing than 

neutral pictures, which is in line with our hypotheses 5 and 6. These results expand previous 

findings on higher arousal ratings for thin body-pictures (Reichel et al., 2014) by showing that 

fat and real body pictures may also be experienced as arousing. Again, this might be a 

consequence of the highly standardised composition of our photographs, which might appear 

unnatural to the participants. The interaction between group and picture category was 

significant for all body pictures, except for other-real bodies. This suggests that individuals 

with AN experienced almost all body pictures as more arousing than the control group, which 

may be an expression of the high importance these individuals place on body shape and 

weight (Fairburn et al., 1999), combined with a strong association between body shape and 

weight and general self-esteem (Blechert et al., 2011). 

In summary, although distorted body images received more negative valence ratings than 

neutral pictures and patients with AN had a general tendency towards negative valence and 
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higher arousal ratings for body pictures, none of these subjective ratings was reflected in 

startle potentiation. It is known that high arousal ratings are necessary for negative affective 

pictures to produce startle potentiation (Lang, 1995). Yet, arousal ratings in the AN group 

appeared similar for negative normative pictures, which produced startle potentiation, and 

body pictures, which did not produce startle potentiation despite negative valence ratings. It 

appears, therefore, that valence and arousal ratings in the AN group might not have been 

based on the same implicit emotional processes that drive affective startle modification 

(Koch, 1999; Lang, 1995). Discrepancies between startle amplitudes and subjective ratings 

are known from the addiction literature, but usually with the result that an implicit positive 

evaluation of consumption of the addictive substance is uncovered by startle modulation and 

is not present in subjective ratings (e.g., Mucha, Geier, Stuhlinger, & Mundle, 2000). 

However, in our study the result was such that an effect was present in subjective ratings but 

not in an implicit measure. A similar discrepancy between subjective and physiological 

measures of negative affect and arousal has been described during mirror exposure in women 

with eating disorders (Vocks et al., 2007). It appears, therefore, that ratings of negative affect 

and high arousal for body pictures in the AN group were not merely based on implicit 

affective processes, but might have been influenced by higher cognitive processes. 

In addition, and contrary to our expectations, the self-resemblance ratings did not differ 

between self- and other-pictures (Hyp. 6), indicating that participants most likely did not 

identify themselves with their own pictures. As expected, thin- and fat-distorted pictures were 

rated as more resembling another person than oneself (Hyp. 7). The latter finding is in line 

with the results of study 1, which showed that distorted pictures of one’s own body are more 

difficult to recognise and where participants displayed a reaction bias towards classifying 

distorted body images as depicting another person. Moreover, the AN group reported less 

self-resemblance for all body images than the control group, which might be explained by 

their aversive experience of body pictures as evidenced in valence ratings. The generally low 

identification with self-pictures might have masked possible differences in the processing of 

self- and other-pictures (Vocks et al., 2010). 

Strikingly, we did not find an attenuation of startle for thin-distorted bodies in the AN group 

as would have been expected from the results by Reichel et al. (2014). The nature of the 

stimulus material might be a relevant factor in the explanation for this discrepancy. While 

Reichel et al. (2014) selected pictures from pro-anorexic websites depicting clear signs of 

cachexia, our pictures were highly standardised photographs taken in the laboratory with a 
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focus more on general body shape than specific features, such as a protruding rib cage. As it is 

well known that many individuals with AN engage in body checking behaviours and use 

indicators such as the visibility of the ribs in order to determine their dieting success (Shafran 

et al., 2004), these specific features might be more important for them than general body 

shape when judging the valence of a given body. Accordingly, our pictures might not have 

been as emotionally charged as those used in the study by Reichel et al. (2014). Our results 

are more in line with the those of Friederich et al. (2006), who did not find significant 

differences between persons with AN and a healthy control group in startle responses during 

presentation of photographs depicting slim fashion models. This finding adds to the idea that 

slim body shapes in general might not have the same emotional and motivational connotation 

for individuals with AN as clear signs of emaciation. This hypothesis would have to be tested 

in a direct comparison of the implicit affective evaluation of pictures emphasizing a slim body 

shape and those highlighting specific marks of cachexia. 

Alternatively, if our patients were indeed unable to activate their appetitive motivational 

system, as suggested by the absence of startle attenuation for positive normative pictures, this 

might account for the absence of startle attenuation for thin-distorted self-bodies. Yet, a thin 

body is believed to be the long-term appetitive goal of individuals with AN and has been 

suggested to replace short-term rewards, such as might have been represented by our positive 

pictures (Kaye et al., 2009). Our finding of a negative trend in the correlation between startle 

magnitudes for thin self-pictures and drive for thinness and body dissatisfaction suggests that 

at least participants with higher levels of body image disturbance showed an approach 

motivation towards their own thin-distorted body shape. The absence of a group effect might 

also be explained by the fact that our thin-body stimuli were not necessarily underweight, but 

merely 25% slimmer than the participant. In Reichel et al. (2014)’s study participants were 

shown pictures of emaciated women, which were associated with negative evaluation in the 

control group. It might have been the case that participants with higher levels of body 

dissatisfaction in our control group showed an approach motivation towards a thinner, but not 

emaciated, version of themselves. It must, therefore, be noted that we did not explicitly test 

affective evaluation of underweight bodies, but of thinner versions of oneself, which were 

most likely not underweight for most control participants. Additional research is needed to 

systematically investigate effects of varying degrees of thinness on the implicit affective 

evaluation of body pictures. One may hypothesise that individuals with AN would show 

maximally positive evaluation for emaciated body shapes (Reichel et al., 2014), while control 
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participants would show a preference for slim, but not emaciated, body shapes (cf. study 1). A 

preference for emaciated rather than slim body shapes might be a hypothetical risk factor for 

the development of AN. 

Importantly, we did not find a potentiation of startle for fat-distorted pictures, neither in the 

AN nor in the control group. Startle potentiation for aversive foreground stimuli is largely 

mediated by the amygdala (Koch, 1999). Amygdala activation for own fat-distorted body 

images has been shown for healthy females (Kurosaki et al., 2006) and for individuals with 

AN in some studies (Miyake, Okamoto, Onoda, Kurosaki, et al., 2010; Seeger et al., 2002), 

but not in others (Wagner et al., 2003). One study reported that a subgroup of their 

participants with AN was characterised by increased amygdala response to fat body drawings 

and severe body image disturbance (Uher et al., 2005). Accordingly, it might be the case that 

amygdala activation in response to fat body images is a variable phenomenon among persons 

with AN and that it only occurs in some patients, but not in others. Yet, we did not find any 

significant correlations of startle modulation by fat self-images with drive for thinness or body 

dissatisfaction. It remains, therefore, to be elucidated, which personal characteristics 

predispose individuals to immediate fear reactions in the presence of fat-distorted self-body 

images and which characteristics of body-image stimuli, such as visibility of certain body 

parts, activate these predispositions. An understanding of the exact conditions under which 

fear responses are evoked could help to fine-tune intervention techniques aiming at a 

reduction of body-related fear responses, such as body image exposure interventions (Vocks 

et al., 2006). 

Limitations 

The stimulus material employed in the current study was highly standardised. All participants 

wore identical figure-hugging clothing and heads were not visible. This type of clothing may 

have hidden prominent signs of emaciation in the AN group, which might account for 

discrepant findings with the study by Reichel et al. (2014). Nevertheless, a study reporting 

amygdala activation for fat self-bodies used jeans and T-shirt as standardised clothing, which 

can be assumed to have hidden even more body shape details than our clothing (Miyake, 

Okamoto, Onoda, Kurosaki, et al., 2010). These latter findings suggest that even less detailed 

body pictures may elicit implicit emotional processes. It should be mentioned, however, that 

Miyake, Okamoto, Onoda, Kurosaki et al. (2010) did not digitally remove the faces of their 

participants on the photographs, which is why influences of face-specific processing cannot 
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be excluded. Furthermore, the visibility of the face might have fostered self-identification. 

Nevertheless, our stimulus material had the advantage of being very specific for body 

processing, as no faces were visible, and for body-shape processing, as no other physical 

features, such as skin texture, were visible. Future studies should investigate the relative 

emotional significance of different body parts, including the face, for individuals with AN. 

The general similarity of effects for thin and fat-distorted pictures across analyses suggests 

that there might be a general effect for distortion, that is, the fact that the picture has been 

distorted, rather than the fact that the depicted body is thinner or fatter than one’s real body. 

Unfortunately, at the time of data acquisition no computer programme was available that 

would have allowed us to distort photographs of different body positions in a way that mimics 

weight loss or gain in a realistic way. Commonly used distortion programmes (cf. chapter 

3.1.3) only distort front-view photographs. We decided to present various pictures of each 

participant instead of only one picture in order to prevent an habituation of startle 

modification, which may be reduced in startle paradigms relative to other 

psychophysiological measures of emotional reactivity but is, nevertheless, present (Bradley, 

Lang, & Cuthbert, 1993). Accordingly, we simply distorted the images in width for the 

creation of thin and fat images, which has been shown to be sufficient to elicit amygdala 

activation in previous studies (Miyake, Okamoto, Onoda, Kurosaki, et al., 2010). 

Nevertheless, it would be desirable to more realistically mimic weight gain and weight loss of 

the participant’s own body in future studies. 

Conclusion 

In conclusion, we did not find affective startle-reflex modulation for thin- and fat-distorted 

body pictures. This suggests that thinness per se might not be of major emotional relevance to 

patients with AN, but rather specific signs of cachexia. Moreover, individuals with AN might 

have a more general difficulty in activating the appetitive motivational system. Amygdala 

activation in response to fat body images might be a phenomenon specific to subgroups of 

patients with AN, or limited to specific stimuli. While body shapes in general are associated 

with subjective negative valence and high arousal in individuals with AN, these ratings appear 

to be grounded on cognitive distortion rather than implicit affective processes. Investigations 

are called for which specify the conditions under which implicit approach and avoidance 

motivation for body shapes of varying sizes are elicited and whether there are subgroups of 

AN patients in whom these implicit processes are particularly pronounced. The distinction 
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between cognitive and affective processes is essential for the choice of adequate intervention 

techniques, such as cognitive therapy or in vivo exposure, and further research in this area 

will help to fine-tune treatment programmes to the specific needs of individual AN patients. 
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3.4. Visual Perception of the Body in Anorexia Nervosa (Study 3) 

3.4.1. Abstract 

Overestimation of body size is a prominent symptom of AN. Structural and functional 

alterations of brain areas crucial for visual body shape processing, such as the EBA, provide a 

neuronal basis for altered visual body perception. Yet, it remains unclear at which time point 

in the visual processing stream these alterations become apparent. Of special interest is if 

these neuronal alterations are reflected in changes in the featural and configural processing of 

body shapes, as reflected by early ERP components. We investigated ERPs elicited by 

pictures of one’s own body, of another person’s body, of one’s own cup and of another 

person’s cup in 16 women with AN and 17 healthy control women. Participants with AN 

showed reduced differentiation between pictures of self-body and self-cup in the P1 

component (105 – 160 ms) and increased differentiation between pictures of bodies and cups 

in the N1 component (160 – 225 ms), compared with controls. This is indicative of a shift in 

body-related processing from featural to configural processing of body images relative to the 

control group. These results demonstrate profound changes in the visual processing of body 

images in AN during the earliest ERPs (i.e. 100 ms after stimulus onset) for which category-

specific modulation effects have been established. The significance of these alterations for the 

aetiology and treatment of AN remains to be elucidated. 

3.4.2. Event-Related Brain Activity of Visual Body Processing 

Women with AN consistently overestimate their body size and show concomitant alterations 

in the activity of the EBA, a brain area involved in the visual perception of bodies (cf. chapter 

2.2.3). Yet, it remains unclear if these alterations reflect changes in perceptive processes or if 

they are caused by cognitive distortions (Gardner & Moncrieff, 1988). In order to further 

elucidate this question, we employed visual ERPs, as they offer the unique possibility of 

assessing possible alterations, which occur early in the processing stream and reflect 

processing of image features (P1) and the configuration of those features (N1) in which 

human bodies and faces appear to receive preferential processing. 
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Configural Body Processing and the N1 Component 

Human bodies, as well as human faces, are stimuli of major significance to the social human 

being (Slaughter, Stone, & Reed, 2004). In social interactions, they convey a wealth of 

information about who we are dealing with and if that person may be friend or foe. In 

accordance with this assumption, an attentional bias for human body forms has been found. 

For example, human body forms are detected more easily than control stimuli in an in-

attentional blindness paradigm (Downing, Bray, Rogers, & Childs, 2004). This has led to the 

conclusion that human bodies are processed preferentially, similar to human faces. The 

restrictions of gravity and anatomy produce a typical configuration of body parts, which we 

are likely to encounter in most cases when we see another person, that is, the person is 

standing on his/her legs on the ground, with an upper body and head on top. In experimental 

investigations this typical configuration can be altered by turning photographs of human 

bodies upside down, with the results that the head is nearest to the ground and the legs point 

upwards. This inversion of bodies produces an impairment in their recognition, an effect, 

which has also been found for faces and is interpreted as a marker of configural processing, 

that is, processing that depends on a certain configuration of parts and that is holistic in nature 

(Peelen & Downing, 2007; Reed, Stone, Bozova, & Tanaka, 2003). 

In event-related potentials, the configural processing of bodies is reflected in a negative 

waveform peaking at around 170 ms after stimulus onset. This peak has been labelled N1, 

N170, or N190 and will be referred to as N1 in the following. Although initially studied in the 

context of face processing, the N1 component has also been shown to be sensitive to the 

inversion of human body shapes. Body inversion increases peak amplitude and latency, an 

effect which is likely to be caused by a disruption of configural processing (Stekelenburg & 

de Gelder, 2004). This effect might be different for headless bodies (Minnebusch, Suchan, & 

Daum, 2009; Yovel, Pelc, & Lubetzky, 2010), but identical inversion effects for bodies with 

and without heads have also been reported (Minnebusch, Keune, Suchan, & Daum, 2010). In 

addition to inversion effects, the N1 component has been shown to have larger amplitudes for 

faces and bodies than for objects (Gliga & Dehaene-Lambertz, 2005). Amplitudes appear to 

be similar for faces and bodies and similarly affected by scrambling of face or body parts, 

while latencies and scalp topographies may differ slightly between faces and bodies (Gliga & 

Dehaene-Lambertz, 2005). The body-sensitivity of the N1 component has been found to 

generalise to silhouettes and stick figures (Thierry et al., 2006). Moreover, N1 is enhanced for 

nude bodies, an effect which might be related to the evolutionary significance of nude vs. 
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clothed bodies (Hietanen & Nummenmaa, 2011). Taken together, these findings suggest that 

N1 reflects the configural processing of human faces and bodies (for reviews see: De Gelder 

et al., 2010; Minnebusch & Daum, 2009; Peelen & Downing, 2007). 

Several studies have located the source of the N1 component in the EBA. The EBA is a brain 

area in the temporo-occipital cortex and assumed to be primarily involved in the visual 

processing of human bodies (cf. chapter 2.2.3). N1 amplitudes seem to covary with activity in 

this brain area (Taylor, Roberts, Downing, & Thierry, 2010). Moreover, stimulation of the 

EBA with transcranial magnetic stimulation (TMS) has been reported to selectively increase 

N1 amplitudes for bodies (Sadeh et al., 2011). A component similar to N1 has been found for 

intracranial EEG recording from the EBA (Pourtois, Peelen, Spinelli, Seeck, & Vuilleumier, 

2007) and in magnetoencephalographic (MEG) activity of the same brain area (Ishizu, 

Amemiya, Yumoto, & Kojima, 2010). 

Unfortunately, most studies on body-related N1 activity have not assessed differences 

between the viewing of photographs of one’s own body and of photographs of another 

person’s body. To our knowledge, only one study has explored this effect and found higher 

N1 amplitudes for self- vs. other-bodies. In addition, this study reported differences between 

self- and other-bodies for an even earlier component, the P1, with, again, higher amplitudes 

for self-bodies (Li & Zhan, 2008). Nevertheless, several studies have investigated familiarity 

effects of the N1 component for faces and yielded mixed results. While some report larger N1 

amplitudes for one’s own face than for unfamiliar faces (Caharel et al., 2002; Keyes, Brady, 

Reilly, & Foxe, 2010; Scott, Luciana, Wewerka, & Nelson, 2005), others found no familiarity 

effect for N1 (Gunji, Inagaki, Inoue, Takeshima, & Kaga, 2009; Sui et al., 2006; James 

Tanaka, Curran, Porterfield, & Collins, 2006). Moreover, there seems to be no familiarity 

effect in the N1 component for the processing of object stimuli (Miyakoshi, Nomura, & 

Ohira, 2007). 

The P1 Component 

It has recently been suggested that category specific processing occurs already before the N1 

component, at around 100 ms after visual stimulus onset (Meeren, Hadjikhani, Ahlfors, 

Hämäläinen, & de Gelder, 2008). This ERP component, the P1, has been shown to be 

sensitive to faces in a similar way as N1 (Dering, Martin, Moro, Pegna, & Thierry, 2011). 

With regard to bodies findings are less clear. While some studies could not find body 
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inversion effects for the P1 (Righart & de Gelder, 2007), others report body inversion effects 

for the P1 in neuronal sources of this component, namely the precuneus and posterior 

cingulate (Meeren et al., 2008). Some studies found graded body (Minnebusch et al., 2010) 

and face (Jacques & Rossion, 2007) rotation to affect P1 and N1 amplitudes, but only N1 

amplitudes to be correlated with behavioural rotation effects. As the P1 is sensitive to low-

level image properties, such as luminance, contrast, and spatial frequencies (Johannes, Münte, 

Heinze, & Mangun, 1995; Kenemans, Baas, Mangun, Lijffijt, & Verbaten, 2000), it remains 

difficult to disentangle the effects of low-level stimulus properties versus semantic categories. 

In the current study, we aimed at solving this problem by adjusting low-level properties across 

stimuli with the SHINE toolbox (Willenbockel et al., 2010). The neuronal sources of the P1 

for faces have been localised in the fusiform gyrus (Herrmann, Ehlis, Muehlberger, & 

Fallgatter, 2005). Furthermore, the MEG counterpart of the P1, the M100, has been shown to 

be related to performance in a face recognition task (Liu, Harris, & Kanwisher, 2002), 

supporting the view of early category specific processing. 

P1 and N1 in Eating Disorder Research 

As the N1 sources for the processing of body images have been localised in the EBA (Ishizu 

et al., 2010; Pourtois et al., 2007; Sadeh et al., 2011; Taylor et al., 2010) and this brain area 

shows structural and functional alterations in AN (Suchan et al., 2010, 2012; Uher et al., 

2005), it may be hypothesized that these neuronal abnormalities are reflected in N1 alterations 

during the visual processing of bodies in AN. Recently, two abstracts have been published in 

conference proceedings presenting first findings on N1 alterations in AN, for the processing 

of houses (Banscherus, Suchan, & Herpertz, 2012) and in terms of an absence of the inversion 

effect for bodies with heads (Suchan, 2014). While these preliminary findings are 

encouraging, possible differences in the processing of one’s own body versus other bodies (Li 

& Zhan, 2008) remain unexplored. While it has been reported that individuals with AN show 

specific changes in brain activation compared to other eating-disordered patients and healthy 

controls when viewing their own versus another body (Vocks et al., 2010), due to the research 

method used in previous studies (i.e., fMRI) the time course of these alterations remains 

unexplored. Furthermore, we investigated whether possible alterations in body picture 

processing in AN occur at the earliest time point for which category specific processing has 

been reported and which is associated with the processing of image features (P1) or if possible 

alterations are specific to the processing of the configural relationship of body features (N1).  
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Hypotheses 

N1 Component 

Hyp. 1: Bodies elicit a larger N1 component than cups (main effect stimulus type) (Gliga & 

Dehaene-Lambertz, 2005). 

Hyp. 2: Self-bodies elicit larger N1 mean amplitudes than other-bodies (interaction self-

reference × stimulus type) (Li & Zhan, 2008). 

Hyp. 3: The N1 component for bodies is reduced in the AN group compared with the control 

group (interaction group × stimulus type). 

Hyp. 4: This effect is only present for pictures of the patients’ own bodies (interaction group 

× stimulus type × self-reference). 

P1 Component 

Hyp. 5: Bodies elicit a larger P1 component than cups (main effect stimulus type) (Dering et 

al., 2011). 

Hyp. 6: Self-bodies elicit larger P1 mean amplitudes than other-bodies (interaction self-

reference × stimulus type) (Li & Zhan, 2008). 

Hyp. 7: The P1 component for bodies is reduced in the AN group compared with the control 

group (interaction group × stimulus type). 

Hyp. 8: This effect is only present for pictures of the patients’ own bodies (interaction group 

× stimulus type × self-reference). 

Behavioural Task 

Hyp. 9: Bodies are recognised faster and with higher accuracy than cups (main effect stimulus 

type) (Downing et al., 2004). 

Hyp. 10: Self-related stimuli are recognised faster than non-self-stimuli (main effect self-

reference) (Sui et al., 2006; Tacikowski & Nowicka, 2010). 

Subjective Ratings 

Hyp. 11: Individuals with AN rate body images as more negative and more arousing than the 

control group (interaction group × stimulus type; cf. study 2). 
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3.4.3. Method 

Stimulus Materials 

A front-view photograph was taken of each participant with the feet about hip-width apart and 

the arms just a little bit apart from the body so as not to cover any body part. This photograph 

served as the self-body stimulus. A photograph of another participant with similar BMI served 

as the other-body stimulus. To obtain a self-object stimulus, participants were asked to paint 

on a coffee cup during the first session in a way that makes it individual and recognizable4 

and received this cup as a gift after the first session. Each participant’s cup was photographed 

and used as the self-object stimulus (Miyakoshi, Kanayama, Iidaka, & Ohira, 2010). As the 

other-object stimulus, a cup decorated with a similar theme was chosen from among the other 

participants’ cups (e.g., both cups had flowers on them)5. There were two different kinds of 

cups in terms of shape and for each participant one shape was used as their own cup whereas 

the other shape was used as the other-object stimulus. This procedure was chosen in order to 

create a parallel to the difference in body shape outlines which was to be expected for the 

body pictures. Cup shapes were counterbalanced across participants. 

All pictures were first manipulated with GIMP 2 image manipulation software. Body pictures 

were cropped so as to only show the part of the body between the neck and ankles. Thereby, it 

was assured that all bodies would have the same height on the final photographs. Cup pictures 

were cropped from the upper to the lower edge of the cup. All colours were converted to 

shades of grey and the background was set to a uniform grey (RGB: 126,126,126). The 

pictures were resized to 1024 x 786 pixels. In a second step, all pictures used for one 

participant were equated in Fourier amplitude spectra and luminance histograms in order to 

minimize differences in physical stimulus characteristics. This operation was performed with 

the SHINE toolbox (Willenbockel et al., 2010) for MATLAB (MathWorks Inc., Natick, MA, 

United States of America). The final stimulus set for each participant consisted of four 

                                                 
4 Participants were asked not to paint humans, even in the form of smileys or stick figures, which produce N1 
amplitudes similar to those for bodies (Thierry et al., 2006), or any human body parts, and to refrain from writing 
letters or numbers on the cup. 

5 For patients from the psychosomatic hospital the other-object stimulus was always a cup from the healthy 
control group as we could not rule out that the patients would see each other’s cups when using them in the 
public places of the hospital. Thereby, it was assured that each participant had never seen her other-object 
stimulus before the experiment. 
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pictures: self-body, self-cup, other-body, and other-cup. Exemplary photos are displayed in 

the Appendix. 

Paradigm 

Pictures were presented in random order with the restriction that the same picture could not be 

repeated in direct succession. Each picture was repeated 60 times and displayed for two 

seconds with inter-stimulus intervals randomly varying between one and two seconds, with a 

mean of 1.5 s. During presentation of the pictures it was the participant’s task to decide 

whether a picture was related to her, that is, self-body and self-object, or unrelated to her, that 

is, other-body and other-object. One half of the participants pressed the left mouse button of 

the laptop for self-pictures and the right for other-pictures. The association between buttons 

and stimulus categories was reversed for the other half of the participants. Button-stimulus 

associations were randomly allocated to participants. As handedness was equally distributed 

across groups, we assume that it did not have a major influence on reaction times. After 

completion of all trials, participants were asked to rate each picture for valence (1 = positive, 

9 = negative) and arousal (1 = high arousal, 9 = low arousal) on nine-point SAM scales 

(Bradley & Lang, 1994). Arousal ratings were recoded before statistical analysis by 

subtracting each value from 10 so that higher numbers represent higher levels of arousal in the 

following. 

Data Analysis 

Six persons were excluded from statistical analyses as they had less than 50% correct 

responses for their own body picture. This suggests that they mistook their own photograph 

for that of the other person and did not recognise their own body. Another person was 

excluded because of too many artefacts in the EEG data. This resulted in a final sample of N = 

33, with n = 17 participants in the control group and n = 16 participants in the AN group. 

EEG Data 

EEG recordings were processed with BrainVision Analyzer (Brain Products, Gilching, 

Germany). The EEG measurements were re-referenced to average reference. The channel 

previously serving as reference (FCz) was reused. The channel configuration after re-

referencing is displayed in Figure 16. Then, a band-pass filter of 0.1 to 35 Hz was applied. 

Eye movements and blinks were corrected with the Gratton-Coles algorithm (Gratton, Coles, 

& Donchin, 1983). Subsequently, the data was visually inspected and remaining artefacts 
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marked with the semiautomatic raw data inspection function of BrainVision Analyzer. The 

data was then segmented from 200 ms before stimulus presentation to 2000 ms after stimulus 

presentation. The resulting segments were baseline corrected and averaged for stimulus 

categories. The P1 was expressed as mean amplitude (Gliga & Dehaene-Lambertz, 2005; 

Taylor et al., 2010) between 105-160 ms and the N1 as mean amplitude between 160-225 ms. 

For both the P1 and the N1 the channels P7, P8, PO7, and PO8 were analysed (Bauser, 

Mayer, Daum, & Suchan, 2011; Minnebusch et al., 2010; Sadeh et al., 2011; Thierry et al., 

2006; van Heijnsbergen, Meeren, Grèzes, & de Gelder, 2007). It was confirmed by visual 

inspection that P1 and N1 peaks were maximal at these electrode positions. 

 
Figure 16. Electrode scalp locations. Electrodes from which P1 and N1 mean amplitudes were 

extracted are marked by blue rectangles (P7, PO7, P8, PO8). 

EEG data were statistically analysed using a mixed-design 2 × 2 × 2 × 2 × 2 ANOVA with the 

between factor group (control vs. clinical) and the within factors stimulus type (body vs. 

object), self-reference (self vs. other), laterality (left vs. right), and scalp location (parietal vs. 

parieto-occipital). Significant interaction effects of ANOVAs were followed up with post hoc 

t tests. Effect sizes reported are partial eta squared for ANOVAs and Cohen’s d (pooled 

standard deviations) for post hoc tests. Alpha level was set to α = .05 and was Bonferroni 

corrected for post hoc tests. 
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Behavioural Data 

Mean reaction times and percentage of correct responses were calculated for each stimulus 

category, that is, self-body, self-cup, other-body, other-cup. Reactions were only analysed for 

true reactions, that is, if reaction time was > 150 ms. As percent correct reactions were not 

normally distributed across all picture categories, the data were transformed according to 

Equation 3, with Xi representing the individual data points. 

𝑋𝑖′ = ln(100 − 𝑋𝑖 + 1) 
Equation 3 

For ease of interpretation, descriptive statistics are reported as raw data. Reaction times and 

percentages of correct responses were analysed using a 2 × 2 × 2 mixed-design ANOVA with 

the between factor group (control vs. clinical) and the within factors stimulus type (body vs. 

object) and self-reference (self vs. other). Significant interaction effects of ANOVAs were 

followed up with post hoc t tests. Effect sizes reported are partial eta squared for ANOVAs 

and Cohen’s d (pooled standard deviations) for post hoc tests. Alpha level was set to α = .05 

and was Bonferroni corrected for post hoc tests. 

Subjective Ratings 

Subjective ratings on the dimensions valence and arousal were analysed using a 2 × 2 × 2 

mixed-design ANOVA with the between factor group (control vs. clinical) and the within 

factors stimulus type (body vs. object) and self-reference (self vs. other). Kolmogorov-

Smirnov tests for normal distribution were significant for other-body (Z = 1.27, p = .081) and 

other-cup valence (Z = 1.61, p = .011) ratings and for other-cup arousal ratings (Z = 1.63, p = 

.010). Visual inspection showed no clear skew in the distribution of these ratings, however. 

As no transformation for the normalisation of these data was available, and the analysis of 

within-between interactions with non-parametric tests is considered problematic, we followed 

current recommendations and conducted an ANOVA in spite of the violation of normality, as 

ANOVAs are robust against a violation of normality if N > 30 (Bortz, 2005), as was the case 

in the present study. Significant interaction effects of ANOVAs were followed up with post 

hoc t tests. Effect sizes reported are partial eta squared for ANOVAs and Cohen’s d (pooled 

standard deviations) for post hoc tests. Alpha level was set to α = .05 and was Bonferroni 

corrected for post hoc tests. 
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3.4.4. Results 

EEG Data 

EEG-ERP results are first presented for the N1 component (160 – 225 ms) and followed by 

the P1 component (105 – 225 ms) as the N1 component is of major significance in the current 

context, as derived from the extant literature. 

N1 

Main Effect Stimulus Type (Hyp. 1) 

There was a significant main effect for stimulus type, F(1, 31) = 247.29, p < .001, ηp
2 = .89. 

Pictures of bodies produced larger negative amplitudes (M = -0.92, SD = 3.23) than cups (M = 

2.39, SD = 3.04). 

Interaction Self-Reference × Stimulus Type (Hyp. 2) 

There was no significant interaction between self-reference and stimulus type, F(1, 31) < 

0.001, p = .99, ηp
2 < .001. 

Interaction Group × Stimulus Type (Hyp. 3) 

There was no significant interaction between group and stimulus type, F(1, 31) = 0.94, p = 

.34, ηp
2 = .029. However, there was a significant three-way interaction between group, 

stimulus type, and scalp location, F(1, 31) = 4.72, p = .038, ηp
2 = .13. There was also a 

significant four-way interaction between laterality, scalp location, stimulus type and group, 

F(1, 31) = 5.16, p = .030, ηp
2 = .14. Post hoc tests showed that, at α’ = .0125, the AN group 

had a larger difference between N1 mean amplitudes for body pictures versus cup pictures 

than the control group at PO8 (p = .012), but not at any other electrode location (ps > .41). 

Interaction Group × Stimulus Type × Self-Reference (Hyp. 4) 

There was a significant interaction between group, stimulus type, and self-reference, F(1, 31) 

= 5.43, p = .027, ηp
2 = .15. The difference between self- and other-cup stimuli was larger in 

the AN group (M = 0.51, SD = 0.91) than in the control group (M = -0.43, SD = 0.93), t(31) = 

-2.93, p = .006, d = 1.02. In addition, the direction of the difference was reversed as the 

control group showed larger N1 amplitudes to self- than other-cups, whereas the AN group 

showed larger N1 amplitudes to other-cups. The groups did not differ significantly regarding 

the difference between self- and other-body stimuli, t(31) = -0.18, p = .86, d = 0.062. 
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Figure 17. N1 mean amplitudes separated by groups and conditions. HC = healthy control 

group; AN = anorexia nervosa group. Error bars represent +/- 1 SEM. 

Other Effects 

There was a trend for a group difference with larger negative amplitudes in the control than in 

the AN group, F(1, 31) = 3.54, p = .069, ηp
2 = .10. This group difference was more 

pronounced at parieto-occipital than parietal locations (interaction scalp location × group), 

F(1, 31) = 46.69, p < .001, ηp
2 = .60. There was also a significant three-way interaction of 

laterality × scalp location × group, F(1, 31) = 29.55, p < .001, ηp
2 = .49. Post hoc tests showed 

that, at α’ = .0125, the groups differed significantly, with larger N1 amplitudes in the control 

group than in the AN group, at PO7 (p = .004) and at PO8 (p = .011), but not at P7 (p = .036) 

or at P8 (p = .17). In addition, there was a trend for an interaction between self-reference and 

group, F(1, 31) = 3.53, p = .070, ηp
2 = .10. Yet, none of the post hoc tests reached statistical 

significance, all ps > .05. 

Furthermore, there was a significant main effect for scalp location with larger negative 

amplitudes at parietal than parieto-occipital locations, F(1, 31) = 26.46, p < .001, ηp
2 = .46. In 

addition, there was a trend towards a main effect for laterality with larger negative amplitudes 

in the left than in the right hemisphere, F(1,31) = 3.56, p = .069, ηp
2 = .10. Lateralisation was 

stronger at parietal than parieto-occipital locations (interaction laterality × scalp location), 

F(1, 31) = 30.66, p < .001, ηp
2 = .50. There were significant interactions between laterality 
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and stimulus type, F(1, 31) = 58.62, p < .001, ηp
2 = .65, and scalp location and stimulus type, 

F(1,31) = 8.34, p = .007, ηp
2 = .21, as well as a three-way interaction between laterality, scalp 

location, and stimulus type, F(1, 31) = 4.10, p = .052, ηp
2 = .12. N1 amplitude differences 

between bodies and cups were largest over PO8, followed by P8, PO7, and finally, P7. 

There were no other significant effects or trends, all ps > .10. A summary of all ANOVA 

results can be found in the Appendix. The scalp distribution of the N1 is visualised in Figure 

18. 

 
Figure 18. Head view of voltage distribution for self-bodies during the N1 time window for 

the control group (left) and the AN group (right). 

P1 

Main Effect Stimulus Type (Hyp. 5) 

There was a significant main effect for stimulus type, F(1, 31) = 13.62, p = .001, ηp
2 = .31. P1 

mean amplitudes were larger for pictures of bodies (M = 3.88, SD = 2.13) than for pictures of 

cups (M = 3.33, SD = 1.96). 

Interaction Self-Reference × Stimulus Type (Hyp. 6) 

There was no significant interaction between self-reference and stimulus type, F(1, 31) = 

0.66, p = .42, ηp
2 = .021. 
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Interaction Group × Stimulus Type (Hyp. 7) 

There was no significant interaction between group and stimulus type, F(1, 31) = 1.61, p = 

.21, ηp
2 = .049. Nevertheless, there was a significant interaction between group, stimulus type, 

and scalp location, F(1, 31) = 7.12, p = .012, ηp
2 = .19, and a trend for an interaction between 

group, stimulus type, and laterality, F(1, 31) = 3.73, p = .063, ηp
2 = .11. There was also a 

trend towards a four-way interaction between laterality, scalp location, self-reference, and 

group, F(1, 31) = 2.97, p = .095, ηp
2 = .087. Post hoc tests showed that, at α’ = .0125, the 

control group had a significantly larger difference between P1 mean amplitudes for body 

pictures versus cup pictures than the AN group at P7 (p = .001), but not at any other electrode 

location (ps > .37). 

Interaction Group × Stimulus Type × Self-Reference (Hyp. 8) 

There was a significant interaction between group, stimulus type, and self-reference, F(1, 31) 

= 6.99, p = .013, ηp
2 = .18. Post hoc tests revealed that, at α’ = .0125, in the control group, 

self-body amplitudes (M = 3.44, SD = 2.06) were larger than self-cup amplitudes (M = 2.54, 

SD = 1.74), t(16) = 4.06, p = .001, d = 0.47, while there was no significant difference between 

other-body amplitudes (M = 3.21, SD = 2.25) and other-cup amplitudes (M = 2.66, SD = 

1.70), t(16) = 1.98, p = .065, d = 0.28. In the AN group, other-body amplitudes (M = 4.57, SD 

= 2.12) were larger than other-cup amplitudes (M = 3.89, SD = 2.00), t(15) = 3.14, p = .007, d 

= 0.33, but there was no significant difference between self-body amplitudes (M = 4.35, SD = 

2.02) and self-cup amplitudes (M = 4.32, SD = 2.02), t(15) = 0.10, p = .92, d = 0.013. 

 
Figure 19. P1 mean amplitudes separated by groups and conditions. HC = healthy control 

group; AN = anorexia nervosa group. Error bars represent +/- 1 SEM. 
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Other Effects 

There was a trend towards a main effect of group with larger P1 amplitudes in the AN than in 

the control group, F(1, 31) = 3.94, p = .056, ηp
2 = .11. Moreover, there was a significant 

interaction between laterality and group, F(1, 31) = 16.88, p < .001, ηp
2 = .35, and a 

significant interaction between laterality, scalp location, and group, F(1, 31) = 18.48, p < 

.001, ηp
2 = .37. Post hoc tests showed that, at α’ = .0125, the groups differed significantly at 

P7 (p < .001), with larger P1 amplitudes in the AN group than in the control group, but not at 

the other electrode sites (ps > .05). 

P1 mean amplitudes were larger over parieto-occipital than over parietal sites, F(1, 31) = 

49.98, p < .001, ηp
2 = .62. This effect was more pronounced over the left than over the right 

hemisphere (interaction scalp location × laterality), F(1, 31) = 53.40, p < .001, ηp
2 = .63. 

There was a trend towards a larger difference between self- and other-stimuli over the left 

than over the right hemisphere (interaction laterality × self-reference), F(1, 31) = 4.04, p = 

.053, ηp
2 = .12. There were significant interactions between laterality and stimulus type, F(1, 

31) = 13.18, p = .001, ηp
2 = .30, and scalp location and stimulus type, F(1, 31) = 4.53, p = 

.041, ηp
2 = .13, as well as a three-way interaction between laterality, scalp location, and 

stimulus type, F(1, 31) = 6.22, p = .018, ηp
2 = .17. In summary, the difference between body 

and cup stimuli was larger at P8 and PO8 than at P7 and reversed at PO7. 

There were no other significant effects or trends, all ps > .10. A summary of all ANOVA 

results can be found in the Appendix. The scalp distribution of P1 is visualised in Figure 20. 

Grand average waveforms for N1 and P1 results are displayed in Figure 21. 
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Figure 20. Head view of mean voltages for self-bodies during the P1 time window for the 

control group (left) and the AN group (right). 

  



110 Visual Perception of the Body in Anorexia Nervosa (Study 3) 
 

 

 

 

 
Figure 21. Grand average ERPs at P7, P8, PO7, and PO8, for all conditions and groups.  
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Behavioural Data 

Reaction Times (Hyp. 9, Hyp. 10) 

Reaction times were longer for body pictures (M = 946.26, SD = 167.20) than for cup pictures 

(M = 778.61, SD = 101.09), F(1, 31) = 70.17, p < .001, ηp
2 = .69. Responses were faster for 

pictures with self-reference (M = 852.19, SD = 133.83) than for other pictures (M = 872.68, 

SD = 121.50), F(1, 31) = 6.28, p = .018, ηp
2 = .17. In addition, there was a trend for an 

interaction effect between stimulus type and self-reference, F(1, 31) = 3.42, p = .074, ηp
2 = 

.099. Results point towards a larger difference between reaction times for self-bodies and 

other-bodies than between self-cups and other-cups. Finally, there was a trend for the AN 

group (M = 900.57, SD = 113.77) to respond more slowly than the control group (M = 826.54, 

SD = 128.90), F(1, 31) = 3.05, p = .091, ηp
2 = .089. No other significant effects or trends were 

observed, all ps > .17. A summary of all ANOVA results can be found in the Appendix. 

 
Figure 22. Mean reaction times for self- and other-body pictures and self- and other-cup 

pictures, separated by group. AN = anorexia nervosa. Error bars represent +/- 1 SEM. 

Reaction Accuracy (Hyp. 9) 

Percentage of correct responses was higher for cup pictures (M = 97.53, SD = 2.52) than for 

body pictures (M = 91.97, SD = 6.77), F(1, 31) = 37.49, p < .001, ηp
2 = .55. There was a trend 

towards an interaction of group, stimulus type and self-reference, F(1, 31) = 3.35, p = .077, 

ηp
2 = .097. However, none of the post hoc tests revealed statistical significance, all ps > .10. 
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There were no other significant effects or trends, all ps > .17. A summary of all ANOVA 

results can be found in the Appendix. 

 
Figure 23. Mean percentage of correct reactions for self- and other-body pictures and self- 

and other-cup pictures, separated by group. AN = anorexia nervosa. Error bars represent +/- 1 

SEM. 

Subjective Ratings 

Valence (Hyp. 11) 

The AN group reported more negative ratings than the control group, F(1, 31) = 5.13, p = 

.031, ηp
2 = .14. Body stimuli received more negative valence ratings than cup stimuli, F(1, 31) 

= 31.36, p < .001, ηp
2 = .50. Furthermore, there was a trend towards more positive ratings for 

self-pictures than for other-pictures, F(1, 31) = 3.28, p = .080, ηp
2 = .096. This difference was 

larger in the control group than in the AN group, F(1, 31) = 5.48, p = .026, ηp
2 = .15. It was 

also larger for cup than for body pictures, F(1, 31) = 3.69, p < .001, ηp
2 = .38. There was a 

trend towards an interaction between group, stimulus type, and self-reference, F(1, 31) = 3.69, 

p = .064, ηp
2 = .11. The interaction between group and stimulus type was not significant, F(1, 

31) = 2.55, p = .12, ηp
2 = .076. 
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Figure 24. Mean valence ratings (1 = positive, 9 = negative) for self- and other-body pictures 

and self- and other-cup pictures, separated by group. AN = anorexia nervosa. Error bars 

represent +/- 1 SEM. 

Arousal (Hyp. 12) 

The AN group reported higher subjective arousal ratings than the control group, F(1, 31) = 

8.94, p = .005, ηp
2 = .22. Body pictures were rated as more arousing than cup pictures, F(1, 

31) = 22.73, p < .001, ηp
2 = .42. This difference was larger in the AN group than in the control 

group, F(1, 31) = 7.12, p = .012, ηp
2 = .19. Furthermore, self-related stimuli were rated as 

more arousing than other stimuli, F(1, 31) = 33.61, p < .001, ηp
2 = .52. This difference was 

larger in the AN group than in the control group, F(1, 31) = 5.56, p = .025, ηp
2 = .15. The 

interaction between stimulus type and self-reference was not significant, F(1, 31) = 0.004, p = 

.95, ηp
2 < .001. There was a trend towards an interaction between group, stimulus type, and 

self-reference, F(1, 31) = 3.00, p = .093, ηp
2 = .088. 
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Figure 25. Mean arousal ratings (1 = low arousal, 9 = high arousal) for self- and other-body 

pictures and self- and other-cup pictures, separated by group. AN = anorexia nervosa. Error 

bars represent +/- 1 SEM. 

3.4.5. Discussion 

The aim of the current study was to investigate visual processing of pictures of one’s own 

body in individuals with AN. We examined two early visual ERPs, the P1 and N1 component, 

which reflect featural and configural stimulus processing, respectively. The results suggest a 

complex pattern of alterations in the AN group. 

Summary and Interpretation of Results 

N1 Component 

The current findings replicate the typical effect of larger N1 amplitudes for body stimuli than 

for objects (Hyp. 1; Gliga & Dehaene-Lambertz, 2005). This effect is assumed to be related to 

a configural processing advantage for bodies and faces over objects. However, we were 

unable to replicate previous findings of larger N1 amplitudes for one’s own versus another 

person’s body (Hyp. 2; Li & Zhan, 2008). This discrepancy might be due to the fact that we 

used a different design, including body and cup stimuli, while Li and Zhan (2008) only used 
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present findings are in line with previous inconsistent findings regarding N1 sensitivity for 

self- versus other faces, with enhanced N1 amplitudes for one’s own face in some studies 

(Caharel et al., 2002; Keyes et al., 2010; Scott et al., 2005), however not in others (Gunji et 

al., 2009; Sui et al., 2006; Tanaka et al., 2006). It, therefore, remains for further research to 

explore the exact conditions under which N1 differences between self- and other-bodies 

emerge. 

We did not find the hypothesised absence of N1 differentiation between body- and cup-

pictures in patients with AN (Hyp. 3). Instead, we found a larger difference between N1 

amplitudes for pictures of bodies versus pictures of cups in the AN group, but only at one of 

the tested electrode sites. The difference pointed in the same direction in both groups, that is, 

with larger N1 for body than for cup pictures, suggesting enhanced configural processing of 

body stimuli in AN. This finding is surprising, considering that the neuronal generators of N1 

for the perception of bodies have been localised in the EBA (Ishizu et al., 2010; Pourtois et 

al., 2007; Sadeh et al., 2011; Taylor et al., 2010), a brain area which has been found to be 

structurally and functionally altered in patients with AN (Suchan et al., 2010, 2012; Uher et 

al., 2005). It is possible that individuals with AN recruit additional brain areas in order to 

compensate for deficits in EBA functionality, which would lead to an alteration in the 

neuronal sources of the N1 component. The idea of alterations in neuronal sources is in line 

with our finding of a globally reduced N1 component at some, but not all, of the investigated 

electrode sites, although scalp distribution of a component does not necessarily provide 

information about the underlying sources. The future investigation of alterations in neuronal 

source generators would require a detailed source localisation analysis, preferably with high-

density electrode array. 

With regard to self-reference, the AN group differed from the control group in terms of a 

larger and reversed difference between self- and other-cups, which was not in line with our 

expectation of an effect for self-bodies (Hyp. 4). Whereas the processing for self-cups was 

enhanced compared to other-cups in healthy controls, it appears that the reverse was true for 

the AN group with a relative deficit in the processing of self-cups compared to other-cups. 

This result suggests a more general processing deficit for self-related information in AN, 

which is in line with findings of a weak self-concept in eating disorders (Farchaus Stein & 

Corte, 2007). Nevertheless, the importance of such altered processing of self-related objects 

for eating disorder pathology remains to be examined in the future. 
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In summary, the N1 component showed a complex pattern of global reduction, specific 

reduction for self-related objects, and specific enhancement for pictures of bodies in AN. This 

pattern does not indicate a deficit in configural processing of one’s own body in AN. Instead, 

it points towards improved configural processing for bodies but impaired configural 

processing for self-related objects. 

P1 Component 

For the P1 component we also found differential processing of body versus cup pictures, with 

those of bodies eliciting larger P1 mean amplitudes than for cups (Hyp. 5), which parallels 

findings of larger P1 for faces than for objects (Dering et al., 2011). We did not find 

significant differences in P1 mean amplitudes for the processing of self- versus other-body 

pictures (Hyp. 6), which is contrary to a previous report (Li & Zhan, 2008). Yet, it appears 

that an enhanced P1 for pictures of self-bodies was present in the control group, but not in the 

AN group, as discussed below. 

With regard to group differences, we found a generally enlarged P1 component in the AN 

group at one electrode site. At the same site (P7) the AN group showed reduced 

discrimination between body and cup stimuli, which was in line with our expectations (Hyp. 

7). In particular, in the AN group the P1 did not significantly differentiate between self-bodies 

and self-cups across electrode sites, although a differentiation was present for pictures of 

other bodies and cups. This confirms our hypothesis 8. These results demonstrate alterations 

in an early ERP component, beginning approximately 100 ms after stimulus onset. This phase 

of stimulus processing is characterised by processing of low-level physical characteristics of 

the picture, such as luminance and contrasts (Johannes et al., 1995; Kenemans et al., 2000). 

As we standardised these characteristics across stimuli for each participant, effects of low-

level physical characteristics on the P1 can be ruled out, and the findings can be interpreted 

with regard to image content specific features. 

Generally enlarged P1 components have also been found in individuals with social phobia 

(Kolassa et al., 2009; Kolassa, Kolassa, Musial, & Miltner, 2007) and spider phobia 

(Michalowski et al., 2009). Kolassa et al. (2007) attribute this finding to hypervigilance in 

persons with social phobia, which would be in line with previously reported attention effects 

on the P1, and the notion of involvement sensory gating processes in this component 

(Mangun, 1995). As general anxiety disorder and social phobia are the most prevalent co-

morbid anxiety diagnoses among patients with AN (Kaye, Bulik, Thornton, Barbarich, & 
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Masters, 2004), and eating disorders and anxiety disorders may share underlying 

psychopathological features, such as harm avoidance (Pallister & Waller, 2008), it could be 

argued that similar processes might be at work in individuals with AN. In our experiment the 

hypervigilance might have been caused by the expectation of seeing threatening body pictures 

during the experiment (Kolassa et al., 2007). Nevertheless, the exact role of anxiety for early 

visual processing remains poorly understood and further research on basic mechanisms is 

warranted. In addition, anxiety and hypervigilance in AN are not only global phenomena, but 

are specifically enhanced for one’s own body. For example, hypervigilant body checking is an 

important factor in current cognitive behavioural models of eating disorders (Fairburn et al., 

1999). Moreover, individuals with AN have been shown to display an attentional bias towards 

their own body (Blechert et al., 2010). In line with the hypervigilance theory of enhanced P1, 

these characteristics of individuals with AN should produce increased P1 amplitudes for self-

bodies. Yet, in the current study we found a lack of discrimination between self-bodies and 

self-cups for P1, while the control group showed enhanced P1 processing for self-bodies. This 

pattern matches the pattern of reaction accuracy for self-bodies, which showed a trend 

towards better recognition of self- than other-bodies in the control group but not in the AN 

group. In line with this finding, it has been shown that featural processing as reflected by P1 

amplitude is important for face recognition, in addition to configural processing (Cabeza & 

Kato, 2000). These findings raise the question if there might be a self-body bias during 

featural processing in healthy controls, which is absent in individuals with AN.  

Previous research has shown that the P1 is enlarged for disliked versus liked faces (Pizzagalli 

et al., 2002) and that its latency is reduced for fearful body expressions (van Heijnsbergen et 

al., 2007). These findings suggest that the P1 is enhanced by the negative affective contents of 

pictures. This enhancement appears to be specific to negative information contained in faces 

and bodies as no effect on the P1 has been found for more general affective pictures (Keil et 

al., 2002). It has been shown that the differential processing of fearful faces in the P1 

component relies on coarse, low spatial frequency features with a neuronal source in the 

extrastriate cortex (Pourtois, Dan, Grandjean, Sander, & Vuilleumier, 2005). As control 

participants in our study rated self-bodies as mildly pleasant and low arousing, we may 

assume that their enhanced P1 amplitudes for self-bodies were not due to negative affective 

content. Unfortunately, reports on self-other differences in the P1 component remain scarce. 

Enhanced P1 for self-bodies has been reported in one study (Li & Zhan, 2008), while two 

studies on face processing did not find a corresponding effect for self-faces (Butler, 
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Mattingley, Cunnington, & Suddendorf, 2012; Keyes et al., 2010). The exact nature of self-

related effects on the P1 remains therefore to be explored. In any case, the AN group did not 

show the same differential processing of one’s own body, which was present in the P1 

amplitudes of the control group. Instead, individuals with AN showed similar featural 

processing for self-bodies and self-cups. 

In consequence, one might speculate that early visual body processing is influenced by 

attentional mechanisms of avoidance of self-body images in AN. Although such a speculation 

may sound surprising for an early, exogenous ERP component, it has been suggested that 

cognitive biases with regard to body image may exert a top-down influence on visual 

processing (Farrell et al., 2005). This is in line with the well-established finding of a 

modulation of P1 by spatial attention, indicating that this component may indeed be 

influenced by higher order attentional processes (Mangun, 1995). The thought of a 

modulation of early ERP components by body-related attentional biases is intriguing, as it 

would signify that these attentional biases have an impact on which kind of information enters 

the processing stream, an effect which has been termed sensory gating or sensory gain control 

(Hillyard, Vogel, & Luck, 1998). Studies are called for which investigate the link between 

body-related attentional biases and early visual processing of body images. 

Our finding of reduced discrimination between self-body and self-cup at the level of the P1 

component is intriguing, as it suggests that alterations in the visual processing stream occur 

already approximately 100 ms after stimulus onset in persons with AN. It could be argued that 

such effects are driven by semantically meaningless differences in low-level features between 

images. Yet, category specific brain activation that occurs outside of primary visual areas has 

been reported for the P1 (Meeren et al., 2008) and P1 alterations are well established for 

social and spider phobia (Kolassa et al., 2009, 2007; Michalowski et al., 2009). The P1 

component is thereby the earliest component for which category specific effects have been 

demonstrated. Unfortunately, this component remains weakly explored in the body perception 

literature and implications of its alteration in this context remain to be explored. 

Response Measures and Subjective Ratings 

From the behavioural data it appears that classifying body pictures was more difficult than 

classifying cup pictures, as indexed by reduced accuracy and prolonged reaction times. This 

finding was contrary to our expectations (Hyp. 9) and previous findings of preferential 

processing of human body shapes (Paul Downing et al., 2004). The effect might be explained 
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by the fact that the cups had been painted by the participants and, therefore, bore clear marks 

that could be used as indicators for recognition. In contrast, bodies did not display very 

obvious marks that could have eased recognition, as participants wore whole-body suits that 

emphasised global body shape more than details. Furthermore, we were able to confirm 

hypothesis 10 and replicate previous findings of a reaction time advantage for self-related 

information (Sui et al., 2006; Tacikowski & Nowicka, 2010). 

With regard to group differences, we found a trend for slower reaction times in the AN group. 

This finding might be accounted for by the fact that our control sample consisted mainly of 

psychology students who participate in a large number of experiments and are, therefore, 

more used to performing reaction time tasks. In addition, medication effects cannot be ruled 

out, as six of the 16 patients in the current study were under, mainly antidepressant, 

medication. Nevertheless, as a recent review reported no consistent effects of SSRIs on motor 

reaction time (Dumont, De Visser, Cohen, & Van Gerven, 2005), we would expect this effect 

to have been minimal. Furthermore, there was a trend towards worse recognition for one’s 

own body in the AN group. Together with particularly negative valence ratings and high 

arousal ratings for self-body images (Hyp. 11), this suggests a general aversion against self-

body images in AN, which is in line with the high levels of body dissatisfaction present in the 

current sample of AN patients (cf. 3.2.1). 

General Discussion 

The current study demonstrates deficits in the visual perception of one’s own body in AN at 

105 to 160 ms after stimulus onset (P1). In contrast, the processing of body images was 

enhanced in individuals with AN at 160 to 225 ms after stimulus onset (N1). These results 

indicate reduced featural and enhanced configural processing of body images in AN. 

Similarly to our findings of reduced differentiation between self-body and self-cup pictures at 

P1 for individuals with AN, a study with individuals with developmental prosopagnosia found 

a reduced inversion effect for pictures of faces and bodies at P1, but also at N1 (Righart & de 

Gelder, 2007). A failure to discriminate between self-body and self-object at P1 might, 

therefore, be related to a specific processing deficit for self-bodies at this component. Yet, 

contrary to persons with developmental prosopagnosia, individuals with AN did not show 

deficits throughout the processing stream. Instead, they showed an imbalance in featural 

versus configural processing with decreased featural and enhanced configural processing for 

pictures of bodies. As humans show a developmental trajectory of increasing reliance on 
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configural processing and decreasing reliance on featural processing with maturation (De 

Sonneville et al., 2002), a shift in processing strategies in AN might be related to increased 

expertise for the visual processing of bodies. This is in line with findings of enhanced N1 

amplitudes for stimuli in which one is an expert, but which are not human faces or bodies, 

such as pictures of dogs in dog experts (Tanaka & Curran, 2001). An opposite shift in 

processing strategies seems to be present in individuals with autism who rely to a greater 

degree on featural processing and show impairments in the configural processing of faces 

(Dawson, Webb, & McPartland, 2005). Moreover, if attentional top-down modulation plays a 

role in P1 and N1 modulations, as argued above, it is not surprising that the two components 

should diverge, as they have been shown to be differentially modulated by attention effects 

(Hillyard et al., 1998). How exactly a shift in processing strategies for bodies relates to 

attention effects and to AN symptoms, or if it is merely an epiphenomenon of the disorder 

resulting from increased concern for and occupation with body shapes, remains to be 

elucidated by further research. 

Limitations 

The reaction time task employed in the current study asked participants to discriminate 

between self-related and self-unrelated images. This might have artificially enhanced their 

discrimination between self- and other-stimuli at an electrophysiological level, as attention 

effects are well established for the P1 (Mangun, 1995). However, when investigating self-

other differences it is essential to check if participants recognised themselves and 

consequently, if one is indeed investigating self-other differences (cf. study 1). Ideally, future 

studies would operationalize control conditions with passive viewing or reaction time tasks 

requesting the discrimination of features not directly related to self-other distinctions, such as 

orientation of the image or colour of a frame surrounding the image. 

Reaction time and accuracy measures suggest that cup stimuli were easier to recognise than 

body pictures. This was most likely due to the highly standardised set-up of our body pictures 

and the focus on global body shape which left a smaller number of details for classification 

than the painted cups. Nevertheless, the high degree of standardisation in our study allows us 

to draw precise conclusions about the perception of body shapes in AN and participants were 

well able to distinguish between their own body and the other body, on a behavioural 

(reaction time, accuracy) and psychophysiological level (P1). It remains for future studies to 

specifically investigate differences between bodies with varying degrees of detail. 
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Furthermore, we did not standardise low-level stimulus characteristics across participants, but 

only within participants. This limits the comparability of global P1 and N1 amplitudes 

between groups, but does not affect the comparison of within-participant effects or within-

between interactions, which were of major interest in the current study. Furthermore, it has 

been shown that the P1 and N1 are similarly affected by changes in low-level stimulus 

characteristics, for example, they are both enhanced when luminance of a stimulus is 

increased (Johannes et al., 1995). It is, therefore, unlikely that the present finding of increased 

P1 and reduced N1 in the AN group can be explained by differences in low-level image 

characteristics. In addition, we took great care to standardise the conditions under which 

photographs were taken and manipulated, thereby reducing differences between participant 

stimulus sets to a minimum. 

Conclusion 

Taking together findings on N1 and P1, a picture emerges in which individuals with AN show 

a deficit in the featural processing of pictures of their own body, but an enhanced configural 

processing of body pictures in general. This finding demonstrates complex alterations in 

visual body perception in AN. It should be noted that the present sample of AN patients did 

not show body size overestimation to a greater degree than the control group (cf. chapter 

3.2.1). Moreover, study 2 showed that the body images employed in the current project did 

not evoke implicit affective evaluations in either the negative or positive direction, which 

rules out implicit affect as contributing to the present results. Still, the patients with AN in our 

study showed profound alterations in visual body processing. We suggest the possibility that 

these early processing alterations are a consequence of attentional bias. It remains for further 

research to elucidate the significance of these alterations for clinical symptoms of AN and 

their modifiability through treatment. 
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3.5. Perception of Visceral Body Information in Anorexia Nervosa (Study 

4) 

3.5.1. Abstract 

Deficits in interoception have previously been discussed with regard to their role in the 

aetiology of AN. It remains unclear, however, whether altered interoception can be attributed 

to starvation-related changes in visceral signals, the CNS representation of visceral signals, or 

the conscious perception and interpretation of these signals, including attention allocation. 

We, therefore, investigated alterations in heart rate variability (HRV), heartbeat evoked brain 

potentials (HEP), and interoceptive sensitivity, assessed with a heartbeat perception task, in 

19 patients with AN and 19 healthy control persons. Patients with AN displayed larger HEPs 

and a trend to perform better in the heartbeat perception task compared with controls. Two 

alternative conclusions may be derived from these results. Firstly, heightened interoception 

may be a sign of eating disorder pathology related to the prediction of future aversive body 

states. Secondly, improved interoception may be an indicator of treatment response. 

3.5.2. Heartbeat Perception and Heartbeat Evoked Brain Potentials 

As outlined in chapter 2.2.4, individuals with AN show alterations in the processing of hunger 

and satiety, as documented at self-report and neuronal levels. Perception of heartbeats has 

been found to be reduced as well (Pollatos et al., 2008), possibly indicating a more general 

deficit in interoception, as proposed by Bruch (1962). Despite a wealth of findings in this 

area, it remains unclear whether alterations in visceral signals, their CNS representation, or 

their conscious perception, as proposed in the model by Vaitl (1996) described in chapter 

2.2.4, are responsible for these alterations. The present study aimed to clarify the differential 

role of these processes in explaining alterations in interoception in AN. Heart rate was chosen 

as an example of visceral signals for this investigation, as alterations in visceral signals and 

their processing have previously been investigated using this biosignal, however, only partly 

in persons with AN. Moreover, it has been suggested that cardiac perception may serve as a 

general indicator for visceral perception, as it is correlated with gastric perception (Herbert, 

Muth, Pollatos, & Herbert, 2012; Whitehead & Drescher, 1980). In addition, cardiac 

perception plays a particular role in the experience of emotions, as outlined below. Deficits in 

identifying and describing emotions in AN have been addressed in chapter 2.2.3. The 

practical relevance of cardiac perception, therefore, lies in (a) its possible relationship with 
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gastric perceptions and (b) its relevance for emotional functioning, both of which appear to be 

altered in AN. 

Interoceptive Accuracy and Heartbeat Perception 

A commonly used task for the assessment of interoceptive accuracy, that is, the accuracy of 

visceral perceptions, is the heartbeat tracking or heartbeat perception task developed by 

Schandry (1981). In this task, participants are asked to count all heartbeats they perceive 

during a given time interval. The number of counted heartbeats is then compared to the 

number of actually recorded heartbeats from the ECG. Performance on this task strongly 

depends on heart dynamics, such as stroke volume, with higher stroke volume being 

associated with better heartbeat detection (Schandry, Bestler, & Montoya, 1993). 

Using this task, researchers have been able to establish a link between the processing of 

cardiac signals, and emotion and decision making processes, as proposed by the somatic 

marker hypothesis (Damasio, 1996). For example, there seems to be a positive relationship 

between heartbeat perception and state anxiety (Schandry, 1981). Heartbeat perception has, 

moreover, been found to be positively related to cortical processing of emotional pictures and 

their respective arousal ratings (Herbert, Pollatos, & Schandry, 2007; Pollatos, Kirsch, & 

Schandry, 2005). Good heartbeat perception appears to be associated with stronger heart rate 

responses during exposure to emotional pictures (Pollatos, Herbert, Matthias, & Schandry, 

2007), and to higher reactivity in physical stress tasks and higher trait anxiety (Pollatos, 

Herbert, Kaufmann, Auer, & Schandry, 2007). Moreover, good heartbeat perceivers have 

been demonstrated to show stronger autonomic reactivity in stressful and emotional situations 

(Herbert, Pollatos, Flor, Enck, & Schandry, 2010). Next to these experimental findings on 

acute reactivity, one study found a negative relationship between depressive symptoms as a 

trait variable and heartbeat perception, especially in those with high levels of anxiety 

(Pollatos, Traut-Mattausch, & Schandry, 2009). Heartbeat perception is positively related to 

trait anxiety (Pollatos, Traut-Mattausch, Schroeder, & Schandry, 2007). While, on the one 

hand, good heartbeat perception is related to stronger emotional reactivity, it is, on the other 

hand, also associated with benefits in the regulation of emotions through reappraisal (Füstös, 

Gramann, Herbert, & Pollatos, 2012). In line with the somatic marker hypothesis, good 

heartbeat perceivers have also been found to perform better in decision making in ambiguous 

situations, that is, in the Iowa Gambling Task (Werner, Jung, Duschek, & Schandry, 2009). In 
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sum, it appears that good heartbeat perception fosters the experience of emotions, their 

regulation, and intuitive decision making. 

At a neuronal level, heartbeat perception is related to activity in the right anterior insula, an 

indication for this area’s major role in the conscious perception of visceral signals (Critchley, 

Wiens, Rotshtein, Ohman, & Dolan, 2004; Pollatos, Kirsch, & Schandry, 2005a). Additional 

brain areas involved in heartbeat perception are the somatomotor and cingulate cortices 

(Critchley et al., 2004; Pollatos, Schandry, Auer, & Kaufmann, 2007), and the thalamus and 

the inferior frontal gyrus (Pollatos, Schandry, et al., 2007). The latter study found overlapping 

activations between the conditions of interoceptive focus and cardiovascular arousal in the 

right thalamus, insula, somatomotor cortex, dorsal cingulate, and medial frontal gyrus, thus 

providing evidence for a link between interoception and emotions at the neuronal level 

(Pollatos, Schandry, et al., 2007). Furthermore, performance in heartbeat perception tasks has 

been shown to be related to activity in the insula, somatosensory cortex, anterior cingulate, 

and prefrontal cortex when viewing emotional pictures, providing further evidence for the 

close relationship of interoception and emotion (Pollatos, Gramann, & Schandry, 2007). 

Importantly, the insula, which is crucial for interoceptive accuracy, displays structural and 

functional alterations in individuals with AN, as discussed in chapter 2.3.2. 

With regard to nutrition and eating behaviour, it has been shown that short-term fasting may 

increase cardiac perception, an effect that seems to be linked to fasting-related effects on 

cardiac autonomic activation (Herbert et al., 2012). An intuitive eating style, that is, eating in 

response to hunger and satiety rather than eating according to dieting rules, external events or 

emotions, seems to be positively related to heartbeat perception (Herbert, Blechert, 

Hautzinger, Matthias, & Herbert, 2013). 

The investigation of heartbeat perception in individuals with eating disorders has yielded 

mixed results. Using the Schandry (1981) task Pollatos et al. (2008) found reduced 

performance in heartbeat perception in individuals with AN as compared to healthy controls. 

The same finding has been reported for women recovered from BN (Klabunde, Acheson, 

Boutelle, Matthews, & Kaye, 2013). Contrarily, a study by Eshkevari, Rieger, Musiat, and 

Treasure (2014) was unable to find significant differences between a sample with eating 

disorders and a healthy control group. It should be noted, however, that Eshkevari et al. 

(2014) found a generally low performance on the heartbeat detection task they had employed 

(by Wiens, Mezzacappa, & Katkin, 2000) , which was not significantly different from chance. 
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In light of these mixed results, further investigations and replications are necessary to form a 

clearer picture of interoceptive accuracy in AN. 

Heartbeat Evoked Brain Potentials 

With accumulating (self-report based) evidence for the representation of heartbeat activity at 

CNS level, the investigation of heartbeat contingent scalp potentials soon followed the 

development of heartbeat perception tasks (Schandry, Sparrer, & Weitkunat, 1986). A major 

problem in the investigation of these potentials is the fact that the heart creates a strong 

electrical field, which is also registered by scalp electrodes as a cardiac field artefact. It is 

possible to either remove this artefact (e.g., Dirlich, Vogl, Plaschke, & Strian, 1997) or to 

analyse a later time window (455-595 ms post R-peak) in which cardiac field artefacts are 

minimal (Gray et al., 2007; Schulz et al., 2013, 2014) so that the analysis of heartbeat related 

brain processes is possible despite cardiac artefacts. 

Heartbeat evoked potentials (HEP) reflect the CNS processing of afferent signals related to 

heart action (Schandry et al., 1986). More precisely, the systolic contraction of the heart 

causes vibrations, especially in the left chest wall, which are most likely registered by 

mechanoreceptors. Information from these (and possibly other receptors in the cardiovascular 

system) is transmitted to the CNS and reflected in the HEPs. Thereby, information about 

current heart activity is available to higher cognitive processes at all times (Birbaumer & 

Schmidt, 2006). Sources of HEPs have been reported to lie in the anterior cingulate, the right 

insula, the prefrontal cortex, and the left secondary somatosensory cortex (Pollatos et al., 

2005a), which is consistent with findings on brain areas involved in conscious heartbeat 

perception, as described above. Importantly, HEPs may constitute an easily measurable index 

for the functionality of brain regions that are discussed as playing a major role in the aetiology 

of AN, especially the insular cortex (Kaye et al., 2009, 2013; Nunn et al., 2011; Nunn & 

Frampton, 2008; cf. chapter 2.3.2). 

In line with findings on overlapping brain regions, the HEP has repeatedly been shown to be 

related to the performance in heartbeat perception tasks (Montoya, Schandry, & Müller, 1993; 

Pollatos & Schandry, 2004; Schandry et al., 1986) and to be sensitive to cardiac awareness 

training (Schandry & Weitkunat, 1990). Furthermore, HEPs are affected by attention 

(Montoya et al., 1993) and motivation (Schandry & Montoya, 1996). The investigation of 

individuals with depression yielded the result that they not only perform worse in a heartbeat 
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perception task, but that this interoceptive deficit is reflected in reduced HEP amplitudes, as 

compared to a healthy control group (Terhaar, Viola, Bär, & Debener, 2012). With regard to 

nutrition, short-term food deprivation has been found to increase HEPs (Schulz et al., 2014), 

which is in line with the previously reported improvement in interoceptive accuracy during 

short-term fasting (Herbert et al., 2012). 

Cardiac Autonomic Modulation in Anorexia Nervosa 

The investigation of cardiac processes in AN needs to take possible consequences of 

malnutrition into account. There have been numerous reports on alterations in autonomic and 

cardiac functioning in AN, including bradycardia and low cardiac output (Casiero & 

Frishman, 2006), with the latter being a relevant factor in heartbeat perception (Schandry et 

al., 1993). Several studies have examined heart rate variability (HRV) in patients with AN. 

HRV refers to the variation of consecutive intervals between heartbeats (Task Force of The 

European Society of Cardiology and The North American Society of Pacing and 

Electrophysiology, 1996). There are several indices of HRV, which may be calculated in the 

time and frequency domains. High frequency (HF) power is related to parasympathetic 

activity (Akselrod et al., 1981; Malliani, Pagani, Lombardi, & Cerutti, 1991; Pomeranz et al., 

1985), while it remains debated if low frequency (LF) power is associated with sympathetic 

activity, especially when expressed in normalised units (Malliani et al., 1991; Montano et al., 

1994), or with both sympathetic and parasympathetic activity (Akselrod et al., 1981; Appel, 

Berger, Saul, Smith, & Cohen, 1989). In any case, measures of HRV serve as indicators for 

autonomic modulation of heart rate (Task Force of The European Society of Cardiology and 

The North American Society of Pacing and Electrophysiology, 1996). Using these indices, the 

most frequent finding in samples with AN has been an increased HF power indicating vagal 

hyperactivity (Cong, 2004; Galetta et al., 2003; Ishizawa, Yoshiuchi, Takimoto, Yamamoto, 

& Akabayashi, 2008; Kreipe, Goldstein, DeKing, Tipton, & Kempski, 1994; Murialdo et al., 

2007; Petretta et al., 1997). HF power was directly associated with the amount of weight loss 

in one study (Kollai, Bonyhay, Jokkel, & Szonyi, 1994). A recent review paper (Mazurak, 

Enck, Muth, Teufel, & Zipfel, 2011) concludes that the majority of papers on autonomic 

function in AN report parasympathetic dominance and reduced sympathetic modulation, 

although other papers report non-significant or opposite findings (e.g., Melanson, Donahoo, 

Krantz, Poirier, & Mehler, 2004; Vigo et al., 2008). The results of one study suggest that the 

duration of starvation might play a role in autonomic functioning, as increased 
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parasympathetic modulation of HRV was only present in cases with shorter duration of AN, 

that is, 12 months on average (Platisa, Nestorovic, Damjanovic, & Gal, 2006). After re-

feeding, cardiac parameters have been shown to improve markedly and return to normal 

(Mont et al., 2003; Rechlin, Weis, Ott, Bleichner, & Joraschky, 1998). 

Summary 

In order to expand previous findings of reduced interoceptive accuracy in AN, we 

complemented our investigation of heartbeat perception with an investigation of HEPs, 

thereby adding an indicator of central nervous processing of afferent signals from the heart to 

the analysis. With regard to attention effects on HEPs, we included a resting and a heartbeat 

tracking condition. These conditions furthermore served to control for effects of alterations in 

cardiac activation in the patient group by enabling a within-participants analysis approach. 

We additionally assessed cardiac activation via heart rate and HRV. Accordingly, we 

investigated possible alterations in (1) the visceral process from which the biosignal 

originates, that is, heart rate and HRV, (2) its CNS representation, that is, HEPs, and (3) 

conscious awareness of the signal, that is, interoceptive accuracy as assessed by a heartbeat 

perception task. 
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Hypotheses 

Hypotheses for the current study have been formulated for three levels of interoceptive 

processing, that is, the visceral process, its CNS representation, and conscious processing 

(interoceptive accuracy). At the level of interoceptive accuracy, there are two indicators that 

serve as dependent variables, HEPs during conscious attention to heartbeats versus rest, and 

the heartbeat perception score. Table 13 lists all hypotheses grouped by level of interoceptive 

processing. 

Table 13 
Hypotheses in Relation to Level of Interoceptive Processing and Dependent Variables. 

 

Level of 
Interoceptive 
Processing 

Dependent 
Variable Hypothesis 

Hyp. 1 Visceral 
Process 

Heart Rate, 
HRV 

Patients with AN show alterations in cardiac 
activity marked by lower heart rate and higher 
vagally-mediated HRV (main effect: group). 

Hyp. 2a 

CNS 
Representation 

HEP Patients with AN display smaller HEP amplitudes 
than healthy controls (main effect group). 

Hyp. 2b HEP 
This effect is specific for the HEP time window 
and not present in the baseline time window 
(interaction time window × group). 

Hyp. 3a 

Interoceptive 
Accuracy 

HEP 
Patients with AN display smaller HEP amplitudes 
during the heartbeat perception task than control 
participants (interaction group × condition). 

Hyp. 3b HEP 
This effect is specific for the HEP time window 
and not present in the baseline time window 
(interaction time window × group × condition). 

Hyp. 3c 
Heartbeat 
Perception 
Score 

Patients with AN perform worse in the heartbeat 
perception task than healthy controls (main effect: 
group). 
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3.5.3. Method 

Paradigm: Heartbeat Perception Task 

The heartbeat perception task was built on the task proposed by Schandry (1981). Participants 

were asked to silently count their own heartbeats during fixed intervals (25 s, 35 s, 45 s, and 

55 s, in random order) without explicitly feeling their pulse. The duration of each counting 

interval was indicated on screen by the appearance and disappearance of a fixation cross, that 

is, the interval lasted as long as the fixation cross was displayed on the screen. After each 

trial, participants were asked to enter the number of heartbeats counted (“How many 

heartbeats did you count during the interval?“) and to indicate how certain they feel about 

their result (“How certain are you?”) on a 9-point Likert scale from 0 (very uncertain) to 8 

(very certain). Responses to the latter question were used as an indicator of metacognitive 

interoceptive awareness, according to the taxonomy suggested by Garfinkel and collaborators 

(Garfinkel & Critchley, 2013; Garfinkel et al., 2014). There was a training interval with a 

duration of 25 s before the beginning of the actual task. 

Data Analysis 

Heart Rate Variability 

As previous research has shown that cardiac perception may be influenced by food 

deprivation related autonomic changes (Herbert et al., 2012), we used heart rate and HRV in 

order to investigate possible differences between groups in autonomic modulation of heart 

rate. Measures of HRV were calculated for the five-minute rest period, which took place at 

the beginning of the experimental session (cf. chapter 3.2.3). R-peak detection, calculation of 

interbeat-intervals, artefact correction, and calculation of HRV indices was performed with 

the Matlab based computer programme Artiifact (version 2.07; Kaufmann, Sütterlin, Schulz, 

& Vögele, 2011). Default settings of the programme were used for the calculation of HRV 

indices. We used mean heart rate and LF in normalised units (LF n.u.) in order to test for 

alterations in sympathetic activity, which might influence heartbeat perception and HEPs 

(Schulz et al., 2014). Additionally, we analysed possible differences between the clinical and 

control groups in HF power, as this parameter has repeatedly been shown to be reduced in AN 

(Mazurak et al., 2011). HF power was not normally distributed, Kolmogorov-Smirnov Z = 

2.80, p < .001. Therefore, we transformed HF and LF absolute power with natural logarithm 

(ln) and performed statistical analyses using ln-transformed HF (ln HF) and ln-transformed 
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LF (ln LF). Group differences were analysed using one-way ANOVA, with group (clinical vs. 

control) as between-participants factor. 

Heartbeat Perception Task 

A heartbeat perception score was calculated according to Equation 4 from the number of 

counted and the number of recorded heartbeats, averaged over the four counting intervals. 

1
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Equation 4 

Moreover, answers to the question “How certain are you?” were averaged across trials in 

order to form a judgement score. Group differences on perception and judgement scores were 

analysed using one-way ANOVA, with group (clinical vs. control) as between-participants 

factor. 

EEG Data 

Evoked potentials were calculated for two experimental conditions. Firstly, the intervals of 

the heartbeat perception task in which participants were asked to focus on their own 

heartbeats were calculated (condition: task). Secondly, an interval of a resting measurement 

from the beginning of the experimental session (cf. chapter 3.2.3 for the entire session 

procedure) which was of equal length as the cumulated duration of the counting intervals (i.e., 

160 s) was calculated (condition: rest). Participants kept their eyes open during both the 

counting task and the resting measurement. 

EEG measurements were re-referenced to linked mastoids (TP9, TP10), thereby re-using the 

old reference channel (FCz). Then, a bandpass filter of 0.1 to 35 Hz was applied. Eye 

movements and blinks were corrected with Gratton-Coles algorithm (Gratton et al., 1983). 

Subsequently, the data was visually inspected and remaining artefacts excluded from further 

analysis. R-peaks were automatically detected and confirmed by visual inspection. EEG data 

were segmented from 200 ms before to 1000 ms after each R-peak. The resulting segments 

were averaged with R-peaks serving as trigger. Mean HEP amplitudes were exported for a 

time window of 455 to 595 ms after the R-peak of the ECG, in order to minimise effects of 

the cardiac field artefact (Gray et al., 2007; Schulz et al., 2013, 2014). In order to investigate 

possible effects of baseline differences between groups, mean baseline amplitudes were 

exported for a time window of 200 to 60 ms before the R-peak of the ECG. The 63 electrode 

positions were aggregated into 9 scalp sectors, in order to test for gross effects of laterality 
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and scalp location, as displayed in Figure 26 (Pollatos & Schandry, 2004; Schulz et al., 2014; 

Shao, Shen, Wilder-Smith, & Li, 2011).  

 
Figure 26. Aggregation of scalp electrodes into 9 scalp sectors. Boundaries between the 

sectors are indicated by grey lines. Linked reference electrodes are shown in circles (TP9, 

TP10). R = reference. 

Two participants had to be excluded due to a large number of artefacts in the EEG data. The 

analysis of EEG data was, therefore, based on two groups of n = 19 participants, 

corresponding to a total sample size of N = 38. A mixed-design 2 × 3 × 3 × 2 × 2 ANOVA 

was computed with the within-factors time window (baseline vs. HEP), laterality (left vs. 

midline vs. right), scalp location (frontal vs. central vs. parieto-occipital), and experimental 

condition (rest vs. task), and the between-factor group (clinical vs. control). Greenhouse-

Geisser correction for degrees of freedom was applied where the sphericity assumption was 
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not met, as indicated by Mauchley’s test of sphericity. Significant interaction effects were 

followed up with post hoc t tests. Effect sizes reported are partial eta squared for ANOVAs 

and Cohen’s d (pooled standard deviations) for post hoc tests. Alpha level was set to α = .05 

and was Bonferroni corrected for post hoc tests. 

Exploratory Correlational Analyses 

In order to further explore possible effects, Pearson correlations were calculated between the 

different indicators of interoceptive processing, between indicators of interoceptive processes 

and several state and trait variables, as well as characteristics of the clinical sample. 

3.5.4. Results 

Heart Rate Variability (H1) 

There were no statistically significant differences between the AN group and the control 

group in mean heart rate, LF n.u., ln LF, or ln HF. A trend was observed for higher ln LF in 

the control group. Group statistics are displayed in Table 14. 

Table 14 

Means, Standard Deviations, and F-Statistics for Heart Rate and Heart Rate Variability 

 Group    
 Clinical Control    
Parameter M(SD) M(SD) F(1, 38) p ηp

2 

Mean heart rate 76.29 (9.12) 73.16 (7.68) 1.38 .25 .035 

LF n.u. 56.39 (18.55) 59.98 (17.61) 0.39 .54 .010 

ln LF 6.08 (1.23) 6.67 (0.17) 3.43 .071 .083 

ln HF 5.76 (1.42) 6.22 (0.91) 1.49 .23 .038 
Note. LF n.u. = normalised low frequency; ln LF = ln-transformed low frequency; ln HF = ln-

transformed high frequency 

Heartbeat Perception Task (H3c) 

We found a non-significant tendency of small effect size for the AN group (M = 0.76, SD = 

0.18) to perform better in the heartbeat perception task than the control group (M = 0.66, SD = 

0.19), F(1, 38) = 2.89, p = .097, ηp
2 = .071. This effect is displayed in Figure 27. There was 

no significant difference between groups for certainty judgements about the counted 

heartbeats, F(1, 38) = 0.20, p = .66, ηp
2 = .005. 
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Figure 27. Mean heartbeat perception scores in the control and AN groups. Higher values 

indicate greater accuracy. Error bars represent +/- 1 SEM. 

Heartbeat Evoked Brain Potentials (H2a, H2b, H3a, H3b) 

The distribution of HEPs across the scalp is displayed in Figure 28. 

Main Effect Group (H2a) and Interaction Time Window × Group (H2b) 

There was a significant main effect for group, F(1, 36) = 6.41, p = .016, η2 = .15, and a 

significant interaction effect between time window and group, F(1, 36) = 6.43, p = .016, η2 = 

.15, suggesting higher HEP amplitudes in the AN group (M = -0.034, SD = 0.22) compared to 

the control group during the HEP time window (M = -0.27, SD = 0.29), t(36) = -2.78, p = 

.009, d = 0.90. There was no significant difference in baseline amplitudes, t(36) = -0.043, p = 

.97, d = 0.014. 

Interaction Group × Condition (H3a) and Interaction Time Window × Group × Condition 

(H3b) 

There was no significant interaction between group and condition, F(1, 36) = 0.22, p = .65, 

ηp
2 = .006. Neither was there a significant interaction between time window, group, and 

condition, F(1,36) = 0.12, p = .74, ηp
2 = .003. 

Other Effects 

There was a significant main effect of scalp location, F(1.48, 53.27) = 17.34, p = <.001, ηp
2 = 

.33. Frontal and central locations had higher amplitudes than parieto-occipital locations (ps < 

.001 but did not differ from each other (p = .44). This effect was qualified by a significant 
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interaction with time window, F(1.37, 49.14) = 7.27, p = .005, ηp
2 = .17. Frontal amplitudes 

were larger than central amplitudes, which in turn were larger than parieto-occipital 

amplitudes at baseline (ps < .005), while during the HEP time window only central 

amplitudes were significantly larger than parieto-occipital amplitudes (p < .001; all other ps > 

.0083). There was also a significant main effect for laterality, F(2, 72) = 18.02, p < .001, ηp
2 = 

.33. Amplitudes were higher at midline than left and right locations (ps < .001), which did not 

differ from each other (p = .33). This effect was only present in the clinical, but not in the 

control group, F(1, 72) = 4.18, p = .019, ηp
2 = .10. Furthermore, the laterality effect and the 

interaction between laterality and group were only present in the HEP time window, but not in 

the baseline time window, interaction time window × laterality: F(1.65, 59.30) = 14.41, p < 

.001, ηp
2 = .29; interaction time window × laterality × group: F(1.65, 59.30) = 3.80, p = .036, 

ηp
2 = .095. 

Furthermore, there was a significant interaction between scalp location and laterality, F(1.89, 

68.13) = 4.28, p = .019, ηp
2 = .11. There were no significant differences between left, right 

and midline in frontal scalp locations (all ps > .0056). In central scalp locations, midline 

amplitudes were significantly higher than left and right amplitudes (ps < .001), which did not 

differ from each other (p = .032). In parieto-occipital scalp locations, left amplitudes were 

significantly lower than right and midline amplitudes (p < .004), which did not differ from 

each other (p = .15). Altogether, amplitude maxima were observed in mid-frontal and mid-

central scalp sectors. This pattern was more pronounced in the clinical than in the control 

group, F(1.89, 68.13) = 7.34, p = .002, ηp
2 = .17, an effect which was only present in the HEP 

time window and not at baseline, F(3.04, 109.25) = 7.19, p < .001, ηp
2 = .17. 

A table summarising all effects and interactions of the mixed-design 2 × 3 × 3 × 2 × 2 

ANOVA is displayed in the Appendix. Scalp distribution of HEPs is visualised in Figure 28. 
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Figure 28. Waveforms of heartbeat evoked potentials (HEPs) averaged over the two 

experimental conditions for the clinical (grey line) and the control group (black line). The 

interval shown ranges from -200 ms until +1000 ms relative to the R-peak of the ECG. The y-

axis is scaled positive down from -1.8 to +1.8 µV. 
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Exploratory Correlational Analyses 

Relationships between Levels of Interoceptive Processing 

In order to explore if the different levels of interoceptive processing assessed in this study are 

related, correlations were calculated between LF n.u. and ln LF as indicators for the visceral 

signal because of their relationship with cardiac output (Herbert et al., 2012), mean HEP 

amplitudes averaged across the two conditions as an indicator of CNS representation, 

heartbeat perception scores as an indicator of interoceptive accuracy, the certainty rating of 

the heartbeat perception task as an indicator of interoceptive awareness and the EDI subscale 

Interoceptive Awareness as an indicator of interoceptive sensibility (cf. Table 15). There were 

no significant correlations, all ps > .05. Yet, trends emerged for an association of high scores 

on the EDI Interoceptive Awareness subscale with lower cardiac sympathetic modulation (ln 

LF) and higher HEPs, ps < .10. 

Table 15 

Intercorrelations Between Variables Representing Different Levels of Interoceptive 

Processing. 

Measure 1 2 3 4 5 
1. LF n.u. −     
2. ln LF .18 −    
3. Mean HEP -.075 -.066 −   
4. Heartbeat Perception -.24 -.032 .090 −  
5. Certainty Rating .043 .009 -.27 .24 − 
6. EDI Interoceptive Awareness -.036 -.28† .30† .17 -.045 
Note. Mean HEP = heartbeat evoked scalp potential, averaged over all electrodes and 

conditions; LF n.u. = low frequency heart rate variability expressed in normalised units; ln LF 

= natural logarithm of low frequency heart rate variability; EDI = Eating Disorder Inventory. 
† p < .10. 
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Correlations with State Variables 

We further tested possible relationships of HEPs, heartbeat perception, and sympathetic 

cardiac modulation with state anxiety and the time which had elapsed since the participant 

had last eaten (cf. Table 16). Significant associations were found between higher state anxiety 

and higher HEPs, as well as lower cardiac sympathetic modulation (ln LF), ps < .05. 

Furthermore, a trend emerged for an association between higher HEP amplitudes and a 

shorter time span that had passed since the last meal before the experiment, p < .10. 

Table 16 

Correlations of Interoceptive and Sympathetic Indicators with State Anxiety and Time 

Elapsed since the Last Meal. 

Measure Mean HEP 
Heartbeat 
Perception LF n.u. ln LF 

STAI-State .33* .076 -.29† -.45** 
Minutes Since Last Meal -.32† -.097 .091 .16 
Note. Mean HEP = heartbeat evoked scalp potential, averaged over all electrodes and 

conditions; LF n.u. = low frequency heart rate variability expressed in normalised units; ln LF 

= natural logarithm of low frequency heart rate variability; STAI-State = State and Trait 

Anxiety Inventory – State Version. 
† p < .10. * p < .05. ** p < .01. 

Correlations with Trait Variables 

In addition, we performed correlations of HEPs, heartbeat perception, and sympathetic 

cardiac modulation with several trait characteristics, such as age, BMI, level of exercise, 

eating disorder symptoms assessed via EDI, depressive symptoms (BDI-II), trait anxiety 

(STAI-Trait), and visual body size estimation (cf. Table 17). Significant associations (p < .05) 

and trends (p < .10) were found for a positive relationship between HEPs and eating disorder 

and depressive symptoms. HEPs were negatively related to physical activity, p < .05. 

Furthermore, cardiac sympathetic modulation as indexed by ln LF was negatively related to 

anxiety and depression, ps < .01, and there were trends for a negative association with eating 

disorder symptoms and a positive association with BMI, ps < .10. Visual body size estimation 

was unrelated to HEPs, heartbeat perception, or HRV, ps > .10. 
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Table 17 

Correlations of Interoceptive and Sympathetic Indicators with Trait Variables. 

Measure Mean HEP 
Heartbeat 
Perception LF n.u. ln LF 

Age .16 .085 -.099 -.17 
BMI -.22 -.19 .081 .27† 

Exercise (MET-Minutes per Week) -.39* -.14 -.090 -.15 
EDI Drive for Thinness .39* .17 -.027 -.29† 

EDI Bulimia .25 .25 -.14 -.071 
EDI Body Dissatisfaction .26 -.039 -.071 -.11 
EDI Interoceptive Awareness .30† .17 -.036 -.28† 

BDI-II .19 .13 -.26 -.50** 
STAI-Trait .31† .19 -.19 -.41** 
Visual Body Size Estimation -.002 -.22 -.016 .19 
Note. Mean HEP = heartbeat evoked scalp potential, averaged over all electrodes and 

conditions; LF n.u. = low frequency heart rate variability expressed in normalised units; ln LF 

= natural logarithm of low frequency heart rate variability; BMI = body mass index; MET = 

metabolic equivalent of task; EDI = Eating Disorder Inventory; STAI-Trait = State and Trait 

Anxiety Inventory – Trait Version. 
† p < .10. * p < .05. ** p < .01. 
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Correlations with Clinical Variables 

For the patients, we related HEPs, heartbeat perception, and sympathetic cardiac modulation 

to measures of eating disorder and treatment duration (cf. Table 18). The only trend appeared 

in a positive association of HEPs with the duration of the current in-patient treatment, p < .10. 

There were no significant correlations or trends between symptom or treatment duration and 

heartbeat perception or HRV. 

Table 18 

Correlations of Interoceptive and Sympathetic Indicators with Clinical Variables for the 

Patient Sample. 

Measure Mean HEP 
Heartbeat 
Perception LF n.u. ln LF 

Years since symptom onset -.007 -.22 .009 -.036 
Years since first in-patient treatment -.027 -.007 .022 .086 
Number of in-patient treatments .17 .007 -.35 .019 
Duration of current in-patient 
treatment up to second session .45† -.37 -.17 .015 

Note. Mean HEP = heartbeat evoked scalp potential, averaged over all electrodes and 

conditions; LF n.u. = low frequency heart rate variability expressed in normalised units; ln LF 

= natural logarithm of low frequency heart rate variability. 
† p < .10.  
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3.5.5. Discussion 

Summary and Interpretation of Results 

Heart Rate Variability 

Indicators of sympathetic and parasympathetic activation did not differ significantly between 

the clinical and control groups. Nevertheless, there was a non-significant tendency for the AN 

group to have lower levels of ln LF. It is being debated if LF as absolute power represents a 

good indicator of sympathetic modulation, as it is influenced by the amount of total power 

and might therefore change in a counter-intuitive way under some conditions, such as 

physical exercise (Arai et al., 1989; Malliani et al., 1991). Other researchers have argued that 

LF is influenced by both sympathetic and parasympathetic modulations (Akselrod et al., 

1981; Appel et al., 1989). It has therefore been suggested to use LF n.u., which represents the 

LF proportion of the total power minus the very low frequency, as an indicator of sympathetic 

modulation of heart rate (Malliani et al., 1991; Montano et al., 1994). As neither LF n.u., nor 

ln HF, nor mean heart rate, showed statistically significant differences between individuals 

with AN and healthy control persons, we conclude that there were no striking differences in 

autonomic heart rate modulation between the two groups. This finding is contrary to several 

studies reporting higher vagal tone in individuals with AN (Cong, 2004; Galetta et al., 2003; 

Ishizawa et al., 2008; Kreipe et al., 1994; Murialdo et al., 2007; Petretta et al., 1997). Yet, 

there are also studies reporting no differences in vagal tone in patients with AN (Melanson et 

al., 2004; Vigo et al., 2008). Vigo et al. (2008), for example, found no significant effect of 

clinical status on HF, but significantly reduced LF in individuals with AN, pointing in the 

same direction as in the current study. Another study found decreased HF and LF in patients 

with AN who had been fasting for an average of three years as compared to healthy controls 

and patients who had been fasting for an average of one year (Platisa et al., 2006). The 

patients in our study had been receiving treatment for more than five years on average at the 

time of investigation and reported symptom onset more than nine years ago. As the long-term 

development of cardiac autonomic alterations in AN is not fully understood, we cannot 

exclude effects of illness duration. Additionally, at the time of testing patients had been in in-

patient treatment for an average of 27 days. Therefore, cardiac autonomic parameters might 

have improved since admission. Although it has been shown that cardiac alterations are 

reversible after refeeding (Mont et al., 2003; Rechlin et al., 1998), it remains unclear at which 

point in the refeeding period cardiac autonomic parameters return to normal values. 



Perception of Visceral Body Information in Anorexia Nervosa (Study 4) 141 
 

Furthermore, seven patients in our study were currently under medication, the majority with 

SSRIs, which might have influenced results. Nevertheless, this seems rather unlikely, as a 

recent meta-analysis concluded that SSRIs do not significantly influence HRV (Kemp et al., 

2010). 

Heartbeat Perception Task 

We found a trend of small effect size for individuals with AN to perform better in the 

heartbeat perception task than control participants. This finding is opposed to Pollatos et al. 

(2008)’s result of reduced heartbeat perception in AN. Our result cannot be explained by 

higher sympathetic tone (Herbert et al., 2012) in the AN group, as there were no significant 

differences in heart rate or HRV between the groups. A non-significant tendency even pointed 

towards lower sympathetic modulation in the AN group. Although stronger cardiac activation 

has been associated with improved heartbeat perception (Schandry et al., 1993), other 

researchers found reduced heartbeat detection during stress in women (Fairclough & 

Goodwin, 2007) and reduced HEP amplitudes associated with stronger cardiac output during 

stress (Gray et al., 2007). We would argue, therefore, that the relationship between heartbeat 

perception and cardiac sympathetic activation is a non-linear one, with the best performance 

occurring at medium levels of arousal and worst performance at very low and very high levels 

of arousal, according to the Yerkes-Dodson law (Yerkes & Dodson, 1908). This might 

account for better heartbeat perception in the AN group with slightly lower levels of 

sympathetic arousal than in the control group. Nevertheless, there were no significant 

correlations between heartbeat perception and indicators of cardiac sympathetic modulation in 

the current sample. Accordingly, it appears rather unlikely that the trend for better 

interoceptive accuracy in patients with AN was caused by differences in cardiac sympathetic 

activation. 

Corroborating these results, the analysis of HEP amplitudes did not reveal a significant 

interaction between experimental condition and group. We had expected that deficits in the 

heartbeat perception task in individuals with AN would be reflected in reduced HEPs during 

attentional focus on internal sensations, thereby marking a specific deficit of focusing 

attention on visceroceptive information. Yet, the present group of patients with AN did not 

experience specific problems with attentional allocation to interoceptive signals. In fact, there 

was no significant correlation between HEPs and heartbeat perception in the present sample. 

This is contrary to the results of other studies which found positive correlations between 
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HEPs and heartbeat perception (Montoya et al., 1993; Pollatos & Schandry, 2004; Schandry 

et al., 1986). Yet, these studies did not assess clinical samples and it is possible that in certain 

clinical populations a decoupling of the CNS representation of a visceral signal and its 

conscious processing takes place. In AN visceral signals, especially those relating to hunger 

and satiety, might be perceived but at the same time ignored or distorted. For example, it is 

known that individuals with AN terminate their meals when they reach their cognitively 

determined diet boundary, independent of visceral signals (Garfinkel, 1974). Moreover, a 

strong influence of external cues on satiety ratings has been reported, such as the sight of food 

(Herpertz et al., 2008) or the calorie content (Garfinkel et al., 1978) and amount (Herpertz et 

al., 2008) of the food consumed. We may therefore assume that self-reports of visceral signal 

perception in AN are affected by factors other than pure perception, in terms of the CNS 

representation of the visceral signal. What these factors are and how exactly they relate to 

self-reports about visceral signals in AN remains to be determined by future research. 

Heartbeat Evoked Scalp Potentials 

In our study, patients with AN displayed significantly higher HEPs than control participants, 

an effect which was only present during the HEP interval and not during the baseline time 

window of the evoked potential. Global differences in cortical excitability (Khedr, El Fetoh, 

El Bieh, Ali, & Karim, 2014) are, therefore, unlikely to explain the present results. Higher 

HEP amplitudes are in line with the tendency to perform better in the heartbeat perception 

task, but seem not to be limited to conditions of attentional focus on heartbeats, as there were 

no significant differences between the experimental conditions. Moreover, higher HEP 

amplitudes cannot be explained by stronger cardiac sympathetic activation. We may therefore 

conclude that our sample of patients with AN showed a stronger CNS representation of 

visceral signals than the control group. 

There were no significant differences in HEP amplitudes between the resting measurement 

and the heartbeat perception task, a result which differs from previously reported effects of 

attention on HEP amplitudes (Montoya et al., 1993) and latencies (Schandry et al., 1986). In 

the study by Montoya et al. participants were actively distracted from focusing on their 

heartbeats while in the present study we used a simple resting condition. Therefore, we cannot 

rule out the possibility that participants focused on internal body sensations during the resting 

condition, in the absence of an explicit instruction not to do so. In that case, differences 
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between the resting condition and the condition of explicit focus on heartbeat counting might 

have been obscured. 

In our sample, HEP amplitude maxima where located in mid-frontal and mid-central scalp 

sectors. Other studies have reported maxima over midline and right hemisphere locations 

(Leopold & Schandry, 2001; Montoya et al., 1993; Pollatos & Schandry, 2004; Schandry et 

al., 1986; Schulz et al., 2014). This slight shift in amplitude maxima may be accounted for by 

the low BMI of the present patient group, as BMI has been shown to be related to the 

electrical and anatomical axes of the heart (Engblom et al., 2005). An altered orientation of 

the heart axis might decrease the right hemisphere advantage in the processing of afferent 

cardiac signals. 

Exploratory Correlational Analyses 

Correlations between indicators of interoceptive processing at different levels were generally 

weak in our study. This is a common finding in interoception research and underlines the 

importance of distinguishing the different levels and of assessing possible alterations in 

mental disorders at different levels (Garfinkel & Critchley, 2013; Garfinkel et al., 2014). 

Furthermore, a higher level of eating disorder symptoms, including the EDI subscale 

Interoceptive Awareness, was positively related to HEPs and negatively to ln LF. This reflects 

the differences between the AN group and the control group in HEPs and ln LF, as discussed 

above. The generally elevated level of psychopathology in the patient group was also 

reflected in positive correlations of the HEP with state and trait anxiety and in negative 

correlations of ln LF with state and trait anxiety and symptoms of depression. Differences 

between the clinical and control groups also became evident in a negative correlation of HEP 

with level of exercise, as the patients in our sample refrained from any kind of exhausting 

exercise as part of their treatment and, therefore, reported significantly lower levels of 

exercise during the past week than the control group. Hospital routine also accounts for a 

group difference in the time which had elapsed since the last meal at the beginning of the 

testing session, with patients having eaten more recently than control persons. This effect is 

reflected in a negative correlation of HEP amplitudes with the time which had elapsed since 

the last meal. Altogether, the correlational findings undermine the difference between the 

groups in HEP amplitudes and link higher HEP amplitudes to eating disorder specific and 

unspecific (anxiety, depression) psychopathology. For additional information on 

characteristics of the clinical and the control sample, see chapter 3.2.1. Of note, neither HEPs 
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nor heartbeat perception showed a significant correlation with body size estimation, which 

stands against Bruch (1962)’s hypothesis of a general body perception deficit in AN spanning 

over different perceptual modalities (cf. chapter 2.2.1). Cross-modal comparisons of body 

perception remain rare in eating disorder research; we are aware of only one study, which 

explicitly compared visceroception and body size estimation (Garfinkel et al., 1978). On this 

note, the current study opens the door for future studies relating CNS processing of heartbeats 

to CNS processing of other visceral organs, of proprioceptive, and of exteroceptive body 

information in AN, in order to identify the processes responsible for altered body perception 

in AN. 

General Discussion 

While differences in cardiac autonomic modulation cannot account for the current results, 

there are two possible alternative explanations. The first is that heightened visceroceptive 

processing in AN is maladaptive and a symptom of the disorder. The second is that, 

considering the current in-patient setting, increased visceroceptive processing is a sign of 

successful treatment. Considering the first explanation, heightened interoceptive accuracy has 

been described in anxiety disorders, as well. A recent review reported a mean effect size of d 

= .52 for panic disorder (Domschke, Stevens, Pfleiderer, & Gerlach, 2010). In the theoretical 

framework of Paulus and Stein (2006) alterations in interoceptive accuracy are related to a 

heightened predictive signal of future aversive body states which is generated by the anterior 

insula. Findings of stronger insula response during anticipation of food pictures (Oberndorfer, 

Simmons, et al., 2013) and painful stimuli (Strigo et al., 2013) in AN suggests that similar 

processes might be at work in this disorder. Accordingly, increased interoceptive processing 

as found in the current study might be related to heightened prediction of aversive body states. 

The predictive signal is assumed to originate in the insula (Paulus & Stein, 2006), a brain 

structure which has been reported to be one of the sources of HEPs (Pollatos et al., 2005a). 

Moreover, HEP scores were positively related to state and trait anxiety in the current sample, 

lending support to the idea that a heightened predictive signal would be related to anxiety. 

Increased activity of the insula and related limbic areas have also been linked to negative 

feelings about one’s body (Gaudio & Quattrocchi, 2012), which is in line with the positive 

correlation between HEPs and drive for thinness in the current sample. In summary, a 

hyperactivity of the insula under certain conditions and alterations in closely linked brain 

structures might be associated with eating disorder pathology (cf. chapter 2.3.2) and might 
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result in higher HEP amplitudes. This intriguing assumption needs to be followed up by 

further investigations of HEP sources and of a possible convergence of eating disorder 

symptoms in the insula (Nunn et al., 2011; Nunn & Frampton, 2008). 

Nevertheless, the first explanation cannot account for our finding of increased interoceptive 

processing, contrasting previous reports on decreased interoceptive accuracy in AN (Pollatos 

et al., 2008). A possible explanation for these contradictory results might lie in differences in 

patient characteristics, i.e. the in-patient setting in the current study as compared to the 

ambulatory setting of Pollatos et al.’s (2008) study. All participants in the current study were 

in in-patient treatment at the time of data acquisition, and had been so for 27 days on average. 

It is, therefore, likely that they had undergone some sort of treatment aiming at an 

improvement of bodily awareness. Nevertheless, it remains doubtful that interventions as part 

of a standard treatment for AN are able to induce alterations in interoceptive processing, 

especially at the level of CNS representation of visceral signals. While a specific heartbeat 

awareness training has been shown to enhance both interoceptive accuracy and HEPs 

(Schandry & Weitkunat, 1990), less specific interventions, such as mindfulness meditation, 

appear not to improve heartbeat perception (Khalsa et al., 2009; Melloni et al., 2013; Parkin et 

al., 2014). To the best of our knowledge, effects of such interventions on HEPs remain 

unexplored, to date. A positive correlation between HEPs and the duration of the current 

treatment in our sample suggests the possibility that HEPs might be sensitive to treatment 

effects and might reflect changes in basal processing as a precursor to improvements in eating 

disorder symptoms. This hypothesis indicates the strong need for an exploration of possible 

treatment effects on interoception in prospective intervention studies. 

Additionally, as a consequence of the in-patient setting of the current study, we can exclude 

effects of acute fasting on the present results. All patients in our study were strictly required to 

eat three meals a day as part of the hospital routine. In fact, all patients had eaten a full meal 

within the last two hours before the beginning of the experimental session. In contrast, 

Pollatos et al. (2008) recruited their individuals with AN from a self-help group, which makes 

it more likely that their participants had fasted prior to the experiment. Short-term fasting has 

been shown to increase HEP amplitudes (Schulz et al., 2014) and to improve heartbeat 

perception (Herbert et al., 2012) in healthy individuals. Yet, it remains for future research to 

elucidate effects of long-term fasting and of acute fasting in malnourished individuals with 

AN. Furthermore, as Pollatos et al. (2008) did not report indicators of cardiac autonomic 

modulation, one cannot rule out the possibility that their patients showed cardiac alterations 
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(e.g., increased cardiac vagal dominance), that were not present in our sample of patients but 

could account for lower levels of interoceptive accuracy. While our patients were in the 

process of re-feeding, this may not have been the case for Pollatos et al.’s participants who 

were recruited from a self-help group and not from an in-patient treatment unit. These obvious 

differences between the two studies strongly urge for comparisons between individuals with 

AN at different stages of the disorder and of treatment. Longitudinal investigations may help 

clarify the role of interoceptive processing throughout the course of AN and how it alters with 

treatment. 

Limitations 

The current study assessed interoceptive processing at different levels in a sample of patients 

diagnosed with AN and healthy control persons. We included patients with comorbid 

disorders, that is, affective and anxiety disorders, as well as patients receiving psychotropic 

medication. Therefore, we cannot exclude that comorbid disorders or medication influenced 

the current results. Nevertheless, the patients who participated in the current study are typical 

cases in a naturalistic setting, as affective and anxiety disorders are frequently comorbid in 

AN (Kaye et al., 2004), which are often treated with psychotropic medication. We would 

argue, therefore, that the participants with AN in the present study were representative for 

typical patients in an in-patient setting, which underlines the external validity of the study. It 

will be for future studies to explore the effects of, for example, comorbid anxiety on 

interoceptive processing in AN. Moreover, our participants with AN took part in the study at 

different stages of treatment. Consequently, some might have already benefited from 

treatment while others had been admitted to hospital only recently, which would lead to a 

rather heterogeneous sample in terms of disorder severity. Nevertheless, all patients currently 

met DSM-V criteria for AN (American Psychiatric Association, 2013). In addition, the 

variance in treatment duration allowed for the investigation of the association of HEP 

amplitudes with treatment duration, which implies the necessity of conducting longitudinal 

intervention research with HEP methodology. 

Finally, our study was limited to the assessment of interoception in the domain of cardiac 

afferent signals. As outlined in chapter 2.2.4, the perception of information from the 

gastrointestinal tract may also be of critical importance in AN. Yet, as methodology for the 

assessment of interoception at different levels is more sophisticated with regard to cardiac 

interoception, the focus on this interoceptive domain allowed for the investigation of precise 
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research questions. Although cardiac perception is related to gastric perception (Herbert et al., 

2012; Whitehead & Drescher, 1980), it will be a task for future research to establish 

additional methodologies for the assessment of gastric interoception at the levels of 

interoceptive accuracy and CNS representation, among others (Ceunen, Van Diest, & 

Vlaeyen, 2013). 

Conclusion 

We were able to demonstrate increased CNS representation of visceral signals, as indicated by 

HEPs, in patients with AN. This finding was contrary to our original hypothesis of reduced 

interoception in the clinical sample. We propose two explanatory hypotheses which guide the 

way for future research. The first is a possible relationship of stronger visceral CNS 

representation to heightened anxiety about future aversive body states, in terms of gastric 

fullness or weight gain, for example. This hypothesis calls for the investigation of 

gastrointestinal perceptions and the exploration of the precise role of the insular cortex in 

eating disorder symptomatology. The second hypothesis states that improved interoceptive 

processing might be a sign of remission. Longitudinal studies are essential in order to 

elucidate the possible utility of HEPs as an indicator of treatment effects. 
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4. General Discussion 

The present project investigated three psychological dimensions of body image, that is, 

cognition, affect, and perception, including two modalities of perception, that is, visual 

perception and visceroception. This multidimensional approach allowed us to illustrate the 

high complexity of body image and its alterations in AN. 

 

4.1. Summary of Findings 

4.1.1. Cognitive Bias and Sensitivity for Self-Other Discrimination of 

Distorted Body Shapes in Healthy Females (Study 1) 

The investigation of self-other discrimination of thin- and fat-distorted body images has 

shown that it is more difficult to recognise body pictures that have been strongly distorted in 

either direction, than only slightly distorted body images. This effect is related to a decrease in 

sensory sensitivity with increasing degrees of distortion, together with a response bias, which 

was evident in a tendency to classify slightly distorted body images as self and strongly 

distorted images as other, regardless of their actual identity. These results suggest that 

distorted, headless bodies may not be easily recognised and were, furthermore, subjectively 

perceived as negative. In addition, a response bias for classifying fat-distorted body pictures 

as self was related to body size overestimation, and a thin ideal body image was associated 

with better discrimination for strongly distorted body shapes. These correlations illustrate the 

complex relationship between perceptual (size estimation, discrimination) and 

cognitive/affective (response bias, body dissatisfaction) dimensions of body image. Moreover, 

the results indicate that alterations in these processes, suggestive of a negative and distorted 

body image, are not limited to eating disorders, but may also be at work in healthy women. 

4.1.2. Implicit and Explicit Affective Evaluation of Body Images in Anorexia 

Nervosa (Study 2) 

Using an affective startle eye-blink modulation paradigm, there was no evidence for 

differences in implicit affective evaluations of real, thin-distorted, and fat-distorted body 

shapes between persons with AN and healthy controls. This finding was contrasted by 
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negative subjective ratings for distorted body images in both groups and generally more 

negative ratings for body pictures in the AN group. The discrepancy between implicit and 

explicit measures suggests a prevailing influence of cognitive factors rather than implicit 

affect, such as a fear response to fat body shapes, on negative subjective evaluation of body 

shapes in AN and healthy controls. Together with previous results (Reichel et al., 2014) this 

suggests that details of the body, which provide information about weight status, such as a 

protruding rib cage, might be more of immediate affective relevance in AN than general body 

shape. Moreover, a tendency towards startle attenuation for thin-distorted self-body pictures 

in persons with high levels of drive for thinness indicates that the implicit positive evaluation 

of thin body shapes might only be of relevance for a subgroup of patients. 

Complementing these findings regarding body image, we found evidence for a general failure 

to activate the approach system in individuals with AN. This effect was visible in the absence 

of startle attenuation during the presentation of positive normative pictures, thereby 

replicating previous findings (Friederich et al., 2006). 

4.1.3. Visual Perception of the Body in Anorexia Nervosa (Study 3) 

The examination of early visual ERPs for body and cup pictures indicated a shift in 

processing strategies in AN from featural to configural processing of body images. This was 

evident in a lack of discrimination between self-body pictures and self-cup pictures on the P1 

component (featural processing). At the same time, the N1 component (configural processing) 

was enhanced for body pictures relative to cup pictures. Whereas alterations in the P1 might 

be related to an attention-mediated avoidance of self-body pictures (Hillyard et al., 1998; 

Mangun, 1995), alterations in the N1 are assumed to reflect increased expertise with body 

shapes (De Sonneville et al., 2002; Tanaka & Curran, 2001). These findings demonstrate the 

complexity of visual body perception and suggest that perception might not be impaired per 

se, but that different alterations may occur at different levels of the processing stream. 

In addition, we found a generally enlarged P1 component in participants with AN relative to 

controls. This phenomenon has previously been described in anxiety disorders and has been 

interpreted as hypervigilance (Kolassa et al., 2009, 2007; Michalowski et al., 2009). 
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4.1.4. Perception of Visceral Body Information in Anorexia Nervosa (Study 

4) 

Using a heartbeat perception task (Schandry, 1981) we were able to demonstrate a tendency 

for better interoceptive accuracy in patients with AN than in controls. This finding is 

corroborated by significantly larger HEPs in the AN group, indicating enhanced CNS 

representation of cardiac visceral signals. These results are diametrically opposed to previous 

findings of reduced heartbeat perception in AN (Pollatos et al., 2008). The present finding of 

enhanced cardioception in AN might be a pathological sign of comorbid anxiety, as anxiety 

disorders have been shown to be related to improved interoceptive accuracy (Domschke et al., 

2010). Alternatively, an improvement in CNS processing of visceral signals might be a 

marker of treatment success. 

4.1.5. Synthesis 

The results of the present project are not in line with the idea of a global perceptual deficit in 

AN (Bruch, 1962). Instead, we found a complex picture of impairments in featural visual 

body processing, enhancements in configural visual body processing, and enhanced 

cardioceptive processing. In the light of these results it appears inevitable to reconceptualise 

the idea of global perceptual deficits. It seems possible that not only deficient, but enhanced 

perceptual processing in some domains might be pathological, such as increased interoception 

in anxiety disorders (Domschke et al., 2010). Indeed, we found links with comorbid anxiety 

symptoms (Kaye et al., 2004) in terms of increased processing of cardiac signals in the CNS 

(study 4), as well as a heightened P1 component of the visual ERPs (study 3), which has been 

suggested to reflect hypervigilance in anxiety disorders (Kolassa et al., 2009, 2007; 

Michalowski et al., 2009). Anxiety in the context of eating disorders might be related to the 

expectation of future negative body states, as has been suggested for anxiety disorders (Paulus 

& Stein, 2006), with the difference that the negative body states relevant for AN are states 

indicative of weight gain, such as a full stomach or increasing body fat. Individuals with AN 

might be hypersensitive to such perceptions and expectations and in order to avoid them 

choose to rely on cognitive rules and strategies rather than on body feedback, as has been 

reported for their eating behaviour (Garfinkel, 1974). This is in line with cognitive-

behavioural theories of AN, which highlight the major importance these individuals bestow 

on control over eating, weight, and shape, as an index of general self-control (Fairburn et al., 

1999). Cognitive attitudes also appeared to be the main factor underlying negative subjective 
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ratings for body pictures in study 2, as they diverged from the neutral implicit affect that the 

same pictures elicited in the startle modulation paradigm. Implicit preference for thin body 

shapes appeared to be present only in a subgroup of participants with very high levels of drive 

for thinness. We found no evidence of a pre-attentive fear reaction towards fat-distorted body 

images. In contrast, cognitive tests of implicit associations have shown implicit negative 

associations with overweight stimuli in AN (Cserjési et al., 2010; Spring & Bulik, 2014). Yet, 

they may address cognitive processes to a greater extent than the affective startle modulation 

paradigm employed in the current project. Furthermore, cognitive bias for fat body shapes 

was associated with body size overestimation in healthy women in study 1, supporting the 

idea of top-down modulation of visual body processing (Farrell et al., 2005). To what extent 

such top-down processes might have affected the visual ERP results of study 3, remains to be 

investigated by future research. Indeed, we have only just begun to explore the complex 

structure of body image, with its multiple dimensions and modalities and their interactions. 

The roles of anxiety and cognitive distortions appear to be especially prominent, particularly 

in their possible top-down effects on lower-order perceptive processes.  

 

4.2. Implications 

4.2.1. Implications for the Operationalization of Body Image 

The multidimensional approach to body image applied in the current project (Cash & Green, 

1986; Vocks, Legenbauer, Troje, & Schulte, 2006) was particularly successful in highlighting 

the fact that different processes must be at work in the different dimensions of body image, as 

they are differentially affected in individuals with AN. For example, body pictures were 

associated with negative explicit affect but neutral implicit affect in study 2. Moreover, we 

addressed another level of complexity by investigating different modalities of body 

perception, that is, visual and visceral perception. In both these perceptual processes we 

identified further sub-processes, such as the distinction between featural and configural 

processing in visual perception, and the distinction between visceral signal, CNS 

representation, and conscious perception of the signal in visceroception (cf. Figure 29). We 

demonstrated that even these sub-processes may be differentially affected in AN, as seen in 

impaired featural but enhanced configural processing of body shapes. As a result, it seems 

mandatory for a comprehensive understanding of body-image related alterations in AN to 
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directly investigate the processes and sub-processes underlying more global phenomena, such 

as body dissatisfaction or body size overestimation. In addition, interactions between the 

various processes, as well as possible alterations over time must be taken into account. 

 

Figure 29. Extension of the initial model of body perception domains and modalities 

(Birbaumer & Schmidt, 2006; Schandry, 2003; Vaitl, 1996) by sub-processes for the visual 

and visceroceptive modalities (coloured rectangles). 

Visual Body Perception 

Perceptual measures of body image, such as the digital photograph distortion techniques 

applied in the current project, have been criticised for measuring memory of body size and 

attitudinal factors rather than perception per se (Smeets, 1997). This idea is corroborated by 

the findings from study 1, which demonstrated close interrelations between body size 

overestimation and cognitive bias for fat body shapes, as well as body dissatisfaction and 

enhanced sensory discrimination of distorted self- and other-body pictures. In light of this 

evidence one might rush to the conclusion that apparent distortions in visual body perception 

are entirely a function of cognitive bias. Yet, in study 3 we were able to demonstrate 

alterations of basic visual processes, that is, featural and configural processing, in individuals 

with AN. Other studies have shown alterations in the EBA (Suchan et al., 2010, 2012; Uher et 

al., 2005), a brain area crucially involved in the visual processing of body shapes (Downing et 
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al., 2001). Together these findings suggest that visual perceptive processes are altered in AN, 

but that direct measurement of CNS activity is necessary in order to isolate perception from 

higher order cognitive processes. Still, we may not rule out top-down influences on visual 

perception (Farrell et al., 2005). An exploration of these hypothesised top-down processes and 

their susceptibility to treatment appear to be promising topics for future research. 

Interoception 

For the investigation of interoception we chose a bio-signal, heart rate, whose CNS processing 

and conscious perception have been thoroughly explored (cf. chapter 3.5.2). Although 

alterations in this domain might be relevant for symptoms of anxiety in eating disorders, it is 

not as directly associated with core eating pathology as the gastrointestinal system (cf. chapter 

2.2.4). Yet, studies on AN in the gastrointestinal domain of visceroception have mostly 

focused on either hunger and satiety ratings (Garfinkel et al., 1978; Garfinkel, 1974; Halmi et 

al., 1989; Halmi & Sunday, 1991; Herpertz et al., 2008) or alterations in the gastrointestinal 

tract itself (Crisp, 1965; Dubois et al., 1984; Holt et al., 1981; Hölzl & Lautenbacher, 1984; 

Silverstone & Russell, 1967). Consequently, there is a gap in the literature regarding the 

processes which mediate between the gastrointestinal tract and the conscious interpretation of 

signals from it. As study 4 demonstrated, it is important to assess indicators of the CNS 

representation of visceral signals, which are less prone to effects of reporting bias, in addition 

to their source and their conscious interpretation. Unfortunately, there is, to the best of our 

knowledge, no well-established method for assessing the CNS representation of 

gastrointestinal signals. The development of such a method remains a challenge for future 

research. 

Furthermore, it has recently been shown that not only visceroception, but also altered 

proprioception plays a role in AN (Favaro et al., 2012; Metral et al., 2014). The continuing 

exploration of this second interoceptive modality and its role for the aetiology of eating 

disorders, as well the investigation of possible links between proprioception and 

visceroception, are tasks for future research. 
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4.2.2. Implications for Neurobiological Models on Body Image and Eating 

Disorders 

Alterations of the EBA have been discussed as playing a central role in distortions of visual 

body perception in AN (Suchan et al., 2010, 2012; Uher et al., 2005). Although the source of 

the N1 ERP component has been located in the EBA (Ishizu et al., 2010; Pourtois et al., 2007; 

Sadeh et al., 2011; Taylor et al., 2010), we found an enhanced rather than impaired N1 

component for body pictures in persons with AN (study 3). This intriguing finding calls for a 

further functional characterisation of the EBA in individuals with AN, and the investigation of 

possible compensatory activations in other brain areas. In contrast, we found impaired 

processing of self-body pictures in the P1 component, which is associated with featural image 

processing. Although the anatomical sources of body-related effects on P1 remain poorly 

explored, effects of spatial attention on P1 have been located in the extrastriate cortex 

(Hillyard et al., 1998). It is, therefore, possible that the EBA is also involved in the generation 

of the P1 component for bodies. Interestingly, the EBA has been shown to contain 

subpopulations of neurons that are selectively activated by photographs of one’s own versus 

other’s body parts (Myers & Sowden, 2008). Such identity specific subpopulations might be 

implicated in the discrimination between self- and other-body pictures in the wake of featural 

processing as indexed by the P1. Hypothetically, such neuronal subpopulations would provide 

a possible target for top-down modulation of attentional processes (Farrell et al., 2005), which 

might account for the present finding of a lack of discrimination for one’s own body in P1 

amplitudes in women with AN. These speculations highlight the need for further 

investigations of the neuronal basis underlying alterations in visual body processing in AN. In 

addition, alterations in areas associated with visual body processing must be incorporated into 

current neurobiological models of AN, which mostly focus on the insula and its possible role 

in multisensory integration of body-related information (Kaye et al., 2009; Nunn et al., 2011; 

Nunn & Frampton, 2008). Yet, the role of input from the visual system and possible effects of 

altered input regarding visual body perception remain to be investigated. 

Furthermore, the results of study 4 suggest that altered insula functioning (Kaye et al., 2009; 

Nunn et al., 2011; Nunn & Frampton, 2008) might not be reflected in a deficit per se. AN 

patients in our study had larger HEPs, the sources of which have been located in the insula, 

among others (Pollatos et al., 2005a). Following an anxiety disorder approach (Paulus & 

Stein, 2006) increased interoceptive processing might be related to a heightened predictive 

signal for future aversive body states originating from the anterior insula. Imaging research 
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has shown complex modulations of the insula in AN, also in the perception of body 

photographs. For example, decreased insula activation has been found for self-pictures in 

individuals with AN (Sachdev et al., 2008) and increased insula activation has been associated 

with body dissatisfaction (Friederich et al., 2010; Mohr et al., 2010; Redgrave et al., 2010). 

These findings would be in line with a heightened predictive signal for future aversive body 

states, that is, fat body states. Further research is needed in order to explore the plausibility of 

this working hypothesis. 

4.2.3. Implications for the Treatment of Body Image Disturbance in 

Anorexia Nervosa 

Looking into a mirror elicits a range of negative thoughts and feelings in most women with 

eating disorders (Vocks et al., 2007). As their reactions appear similar to those of people with 

phobia when confronted with the phobic stimulus, exposure to one’s body with the help of 

mirrors or video cameras has been implicated in many cognitive-behavioural treatment 

programmes (Farrell et al., 2006). Preliminary trials show an advantage of cognitive-

behavioural therapy (CBT) with mirror exposure over standard CBT (Key et al., 2002). 

However, there is still a dearth of research on the effectiveness of mirror exposure (Farrell et 

al., 2006). If mirror exposure aims at a reduction of anxiety in confrontation with one’s own 

body (Farrell et al., 2006), the results of study 2 suggest that this approach might not be of 

benefit to all patients, as the patients participating in the current project did not show an 

implicit fear response towards body shapes. In consequence, the prerequisites for benefitting 

from anxiety reduction through exposure and habituation must be established first, that is, that 

a patient displays a prominent fear reaction in response to his or her body shape or to specific 

body parts. Such fear responses to the phobic stimulus are a core symptom of anxiety 

disorders (Ohman & Mineka, 2001), for which CBT with exposure to the phobic stimulus has 

been shown to be effective (Deacon & Abramowitz, 2004). In the current patient sample there 

was, on average, no indication for exposure treatment with the aim of reducing anxiety, as AN 

patients did not display an implicit fear response when confronted with their own body image. 

Nevertheless, as suggested by the top-down interpretation of alterations in visual body 

perception (Farrell et al., 2005), which were present in the current sample (study 3) even in 

the absence of implicit affective reactions, mirror exposure may still be efficient in the 

treatment of cognitive bias. Accordingly, it has been suggested that mirror exposure is likely 

to be more successful if it includes cognitive modification and not merely habituation of 
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anxiety (Farrell et al., 2006). A recently published body image therapy programme (Vocks & 

Legenbauer, 2010) follows this recommendation and addresses two aspects during mirror 

exposure: habituation to negative affect and redirection of attentional bias from negative to 

positive body parts (Legenbauer et al., 2011; Vocks & Legenbauer, 2010). This programme 

has been shown to reduce eating disorder symptoms and distorted cognitions about body 

image and eating (Legenbauer et al., 2011). Moreover, patients with eating disorders 

displayed an increase of activity in the EBA after treatment, which suggests that attentional 

retraining or other factors of the treatment might enhance visual processing of body images 

(Vocks et al., 2010). In line with the idea that not all patients are likely to benefit from mirror 

exposure, it has been shown that women with eating disorders who frequently engage in body 

checking behaviour benefit less from mirror exposure, as they might already be habituated to 

their bodies (Vocks, Kosfelder, Wucherer, & Wächter, 2008). Further research is required to 

determine which participants benefit from anxiety habituation exercises and how exactly 

attentional retraining may affect visual perception of body images, at the levels of featural and 

configural processing. 

 

4.3. Methodological Considerations 

4.3.1. A Note on Body Images 

In the current project we used highly standardised photographs of participants as stimulus 

material. On these photographs participants were fully dressed in figure-hugging, skin-

coloured, standardised clothing. This approach allowed us to highlight the participant’s body 

shape while ruling out effects of skin texture, tattoos, or other body characteristics not directly 

related to body shape. Moreover, we used digital image manipulation software to distort the 

body pictures in the thin and fat directions (Sands et al., 2004; Shibata, 2002). Results of the 

reaction time task in study 1 and the subjective ratings in studies 1 and 2 suggest that these 

distorted pictures did not have a strong association with the self and were perceived as 

negative, even by healthy women. Whenever pictures of this kind are used, it should be taken 

into account that, in most cases, they do not correspond to the mental representation of the 

body that participants have in mind, that is, their body image (Slade, 1994). Furthermore, 

these photos might lack the features that are of particular motivational salience to women with 

eating disorders, such as prominent signs of cachexia (Reichel et al., 2014). 
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Nevertheless, study 3 showed that in a simple design with only two undistorted body pictures 

and two object pictures, differentiation of self- and other-pictures is evident in the visual 

processing stream already 105 ms after picture onset. The complexity of the stimulus set 

might play a role in this context, as well as the task employed. The assignment to classify 

pictures as self- versus other-pictures might elicit attentional processes which enhance the 

distinction of these categories very early in the processing stream (Hillyard et al., 1998; 

Mangun, 1995). 

Furthermore, we cropped the body pictures in such a way that the head of the participant was 

not visible. This is mandatory when investigating basic visual body shape processing, as faces 

and bodies are processed in similar, but not identical ways (Slaughter et al., 2004), and face 

and body processing cannot be disentangled otherwise. Yet, it has been argued that headless 

bodies are unnatural and that they are processed in a different way than bodies with heads 

(Minnebusch et al., 2009; Yovel et al., 2010). Indeed, a recent study identified neural 

subpopulations in fusiform and extrastriate areas, which selectively process whole 

individuals, that is, bodies with heads (Schmalzl, Zopf, & Williams, 2012). With regard to 

body dissatisfaction the face may also convey information about weight status and fat-

distorted pictures of one’s own face have been shown to elicit negative implicit affect in 

healthy individuals with high levels of body dissatisfaction (Spresser et al., 2012). Future 

research should take these considerations into account and additionally assess effects elicited 

by bodies with heads in the context of body image and eating disorders. Furthermore, while 

we chose a highly standardised, internally valid approach in the current project, future studies 

should aim at a gradual reduction of standardisation for the sake of external validity. As a 

reduction in standardisation poses a serious threat to the investigation of, for example, early 

visual ERPs (Johannes et al., 1995; Kenemans et al., 2000), it is important to first establish 

effects using internally valid methodology, but certain techniques, such as inversion or 

scrambling of photographs, render possible the investigation of early visual ERPs even with 

less standardised stimuli. 

4.3.2. A Note on Sample Selection 

The sample of individuals with AN participating in studies 2-4 was recruited at an in-patient 

treatment centre. Treatment routines usually impose rules on AN patients, such as regular 

meals and a ban on exercise. In consequence, in-patients might be different from out-patients, 

who do not abide to such rules, but engage in their habitual fasting and exercising behaviours. 
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Such differences may be of particular relevance in the assessment of psychophysiological 

parameters, for example, heartbeat perception and HEPs, which have been shown to be 

sensitive to short-term fasting manipulations (Herbert et al., 2012; Schulz et al., 2014). The 

effects of current fasting state in malnourished individuals with AN remain largely 

unexplored and should be subject to future research. 

In addition, the current sample of AN patients reported that they had first developed 

symptoms of AN on average nine years before study participation. This suggests a chronic 

course of the disorder and might reflect quite a different state than the initial state of the 

disorder. The current findings should, therefore, not be prematurely generalised to individuals 

with AN in general. Instead, they should inspire studies which test the generalizability of the 

current results to individuals with AN at other stages of the disorder, that is, shortly after 

symptom development and after remission. In addition, long-term studies are needed in order 

to describe in detail the development of such processes as visual body perception and 

visceroception, and, eventually, to determine whether they might constitute risk factors for 

disordered eating. 

4.4. Outlook 

The findings of the current project emphasise the need to assess basic processes of body 

image disturbance in AN, in order to arrive at a more comprehensive understanding of this 

puzzling symptom of the disorder. Whereas the present project focused entirely on individuals 

with AN, those with BN have been shown to have at least equal, if not higher degrees of body 

image distortion (Cash & Deagle, 1997). Yet, how exactly the two eating disorders differ or 

converge in alterations of basic body image related processes remains largely unexplored. 

Previous studies suggest that some alterations in body-related processing, such as attentional 

bias for self-body pictures, might even point in opposite directions in AN versus BN (Blechert 

et al., 2010). Therefore, it appears mandatory to further investigate the communalities and 

differences between the two disorders to be able to provide intervention techniques adapted to 

the specific needs of the two patient groups. 

Furthermore, body image issues are of importance in other disorders as well. For example, 

although individuals with BED have been suggested to benefit from body image exposure 

(Hilbert, Tuschen-Caffier, & Vögele, 2002), there is still a lack of research in that area. Body 

image is primarily affected in persons with body dysmorphic disorder, who display an 
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excessive preoccupation with some aspects of their physical appearance (Rosen, Reiter, & 

Orosan, 1995). Alterations of body image in this disorder have been shown to be partly 

similar to and partly distinct from those found in eating disorders (Hrabosky et al., 2009). The 

establishment of paradigms assessing basic aspects of body-image related processing, as those 

employed in the current project, will also be of use for understanding body image disturbance 

in body dysmorphic disorder, and for further investigating the overlap and distinctness of 

body image disturbance in different mental disorders. Only a detailed understanding of the 

mechanisms underlying body image disturbance will allow us to optimise treatment 

approaches for each of the disorders. 

Finally, study 1 showed that alterations in basic body image related processing may occur in 

healthy females. This finding points towards a dimensional view of body image disturbance in 

which eating disorders represent the pathological end of the continuum (Cornelissen et al., 

2013). Yet, how exactly the transition between healthy and unhealthy body image is 

characterised, remains to be explored by future research. Again, it appears essential to include 

measures of basic body-image processing in order to achieve a more complete understanding 

of body image in mental health and disorder. The elucidation of the nature of body image in 

all its complexity remains a fascinating challenge for the future. Even more so when we 

consider the major relevance of body image, as the mental representation of our body, for the 

way we perceive ourselves and for how we move as entities in the world. 
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Appendix 

Study 1 

 
Figure 30. Recruitment notice for study 1, which was posted on campus notice boards.  
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Figure 31. Socio-demographic self-report questionnaire, as used in study 1. 
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Study 2 

Exemplary Body Images 

 
Figure 32. Exemplary picture set of a normal-weight woman from the affective startle 

modulation paradigm. 
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Figure 33. Exemplary undistorted front-view photograph taken from the picture set of a 

normal-weight woman from the affective startle modulation paradigm. 
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Study 3 

Exemplary Body and Cup Pictures 

 
Figure 34. Exemplary picture set from the visual evoked potentials paradigm of a normal-

weight woman. The set consists of self-body, self-cup, other-body, and other-cup pictures. 

The pictures have been treated with SHINE toolbox in order to match low-level stimulus 

properties. 
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Results 

Table 19 

ANOVA Results for the N1 Component 

Effect df1, df2 F p ηp
2 

group 1, 31 3.54 .69 .10 
stimulus type 1, 31 247.29 < .001 .89 
stimulus type * group 1, 31 0.94 .34 .029 
self-reference 1, 31 0.098 .76 .003 
self-reference * group 1, 31 3.53 .070 .10 
scalp location 1, 31 26.46 < .001 .46 
scalp location * group 1, 31 46.69 < .001 .60 
laterality 1, 31 3.56 .069 .10 
laterality * group 1, 31 2.66 .11 .079 
stimulus type * self-reference 1, 31 < 0.001 .99 < .001 
stimulus type * self-reference * group 1, 31 5.43 .027 .15 
stimulus type * scalp location 1, 31 8.34 .007 .21 
stimulus type * scalp location * group 1, 31 4.72 .038 .13 
self-reference * scalp location 1, 31 0.20 .66 .006 
self-reference * scalp location * group 1, 31 0.048 .83 .002 
stimulus type * self-reference * scalp location 1, 31 1.41 .24 .044 
stimulus type * self-reference * scalp location * group 1, 31 0.31 .58 .010 
stimulus type * laterality 1, 31 58.62 < .001 .65 
stimulus type * laterality * group 1, 31 2.14 .15 .065 
self-reference * laterality 1, 31 0.55 .46 .018 
self-reference * laterality * group 1, 31 0.050 .83 .002 
stimulus type * self-reference * laterality 1, 31 0.083 .78 .003 
stimulus type * self-reference * laterality * group 1, 31 0.55 .46 .018 
scalp location * laterality 1, 31 30.66 < .001 .50 
scalp location * laterality * group 1, 31 29.55 < .001 .49 
stimulus type * scalp location * laterality 1, 31 4.10 .052 .12 
stimulus type * scalp location * laterality * group 1, 31 5.16 .030 .14 
self-reference * scalp location * laterality 1, 31 2.64 .12 .078 
self-reference * scalp location * laterality * group 1, 31 1.98 .17 .060 
stimulus type * self-reference * scalp location * 
laterality 1, 31 0.34 .56 .011 

stimulus type * self-reference * scalp location * 
laterality * group 1, 31 0.17 .68 .005 
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Table 20 

ANOVA Results for the P1 Component 

Effect df1, df2 F p ηp
2 

group 1, 31 3.94 .056 .11 
stimulus type 1, 31 13.62 .001 .31 
stimulus type * group 1, 31 1.61 .21 .049 
self-reference 1, 31 0.74 .40 .023 
self-reference * group 1, 31 0.065 .80 .002 
scalp location 1, 31 49.98 < .001 .62 
scalp location * group 1, 31 0.003 .96 < .001 
laterality 1, 31 1.03 .32 .032 
laterality * group 1, 31 16.88 < .001 .35 
stimulus type * self-reference 1, 31 0.66 .42 .021 
stimulus type * self-reference * group 1, 31 6.99 .013 .18 
stimulus type * scalp location 1, 31 4.53 .041 .13 
stimulus type * scalp location * group 1, 31 7.12 .012 .19 
self-reference * scalp location 1, 31 0.065 .80 .002 
self-reference * scalp location * group 1, 31 0.12 .73 .004 
stimulus type * self-reference * scalp location 1, 31 1.16 .29 .036 
stimulus type * self-reference * scalp location * group 1, 31 0.82 .37 .026 
stimulus type * laterality 1, 31 13.18 .001 .30 
stimulus type * laterality * group 1, 31 3.73 .063 .11 
self-reference * laterality 1, 31 4.04 .053 .12 
self-reference * laterality * group 1, 31 2.54 .12 .076 
stimulus type * self-reference * laterality 1, 31 2.06 .162 .062 
stimulus type * self-reference * laterality * group 1, 31 0.31 .58 .010 
scalp location * laterality 1, 31 53.40 < .001 .63 
scalp location * laterality * group 1, 31 18.48 < .001 .37 
stimulus type * scalp location * laterality 1, 31 6.22 .018 .17 
stimulus type * scalp location * laterality * group 1, 31 1.74 .20 .053 
self-reference * scalp location * laterality 1, 31 0.50 .48 .016 
self-reference * scalp location * laterality * group 1, 31 2.97 .095 .087 
stimulus type * self-reference * scalp location * 
laterality 1, 31 0.44 .51 .014 

stimulus type * self-reference * scalp location * 
laterality * group 1, 31 0.008 .93 < .001 
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Table 21 

ANOVA Results for Reaction Times 

Effect df1, df2 F p ηp
2 

stimulus type 1, 31 70.17 < .001 .69 
stimulus type * group 1, 31 0.79 .38 .025 
self-reference 1, 31 6.28 .018 .17 
self-reference * group 1, 31 1.89 .18 .057 
stimulus type * self-reference 1, 31 3.42 .074 .099 
stimulus type * self-reference * group 1, 31 0.080 .78 .003 
group 1, 31 3.05 .091 .089 
 

Table 22 

ANOVA Results for Response Accuracy 

Effect df1, df2 F p ηp
2 

stimulus type 1, 31 37.49 < .001 .55 
stimulus type * group 1, 31 .064 .80 .002 
self-reference 1, 31 1.71 .20 .052 
self-reference * group 1, 31 0.27 .61 .009 
stimulus type * self-reference 1, 31 0.64 .43 .020 
stimulus type * self-reference * group 1, 31 3.35 .077 .097 
group 1, 31 1.20 .28 .037 
 

Table 23 

ANOVA Results for Valence Ratings 

Effect df1, df2 F p ηp
2 

stimulus type 1, 31 31.36 < .001 .50 
stimulus type * group 1, 31 2.55 .12 .076 
self-reference 1, 31 3.28 .080 .096 
self-reference * group 1, 31 5.48 .026 .15 
stimulus type * self-reference 1, 31 19.34 < .001 .38 
stimulus type * self-reference * group 1, 31 3.69 .064 .11 
group 1, 31 5.13 .031 .14 
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Table 24 

ANOVA Results for Arousal Ratings 

Effect df1, df2 F p ηp
2 

stimulus type 1, 31 22.73 < .001 .42 
stimulus type * group 1, 31 7.12 .012 .19 
self-reference 1, 31 33.61 < .001 .52 
self-reference * group 1, 31 5.56 .025 .15 
stimulus type * self-reference 1, 31 .004 .95 < .001 
stimulus type * self-reference * group 1, 31 3.00 .093 .088 
group 1, 31 8.94 .005 .22 
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Study 4 

Results 

Table 25 

F-Statistics for Main Effects and Interactions Not Forming Part of a Hypothesis 

Effect df1, df2 F p ηp
2 

group 1, 36 6.41 .016 .15 
time window 1, 36 2.24 .14 .058 
time window × group 1, 36 6.43 .016 .15 
condition 1, 36 0.72 .40 .020 
condition × group 1, 36 0.22 .65 .006 
scalp location 1.48, 53.27 17.34 < .001 .33 
scalp location × group 1.48, 53.27 0.16 .79 .004 
laterality 2, 72 18.02 < .001 .33 
laterality × group 2, 72 4.18 .019 .10 
time window × condition 1, 36 2.10 .16 .055 
time window × condition × group 1, 36 0.12 .74 .003 
time window × scalp location 1.37, 49.14 7.27 .005 .17 
time window × scalp location × group 1.37, 49.14 0.08 .85 .002 
condition × scalp location 1.42, 50.93 7.09 .005 .16 
condition × scalp location × group 1.42, 50.93 1.13 .31 .031 
time window × condition × scalp location 1.19, 42.98 0.12 .78 .003 
time window × condition × scalp location × group 1.19, 42.98 0.80 .40 .022 
time window × laterality 1.65, 59.30 14.41 < .001 .29 
time window × laterality × group 1.65, 59.30 3.80 .036 .095 
condition × laterality 1.50, 53.91 1.21 .30 .032 
condition × laterality × group 1.50, 53.91 0.69 .47 .019 
time window × condition × laterality 2, 72 0.35 .71 .010 
time window × condition × laterality × group 2, 72 0.28 .76 .008 
scalp location × laterality 1.89, 68.13 4.28 .019 .11 
scalp location × laterality × group 1.89, 68.13 7.34 .002 .17 
time window × scalp location × laterality 3.04, 109.25 0.72 .54 .020 
time window × scalp location × laterality × group 3.04, 109.25 7.19 < .001 .17 
condition × scalp location × laterality 4, 144 1.25 .29 .033 
condition × scalp location × laterality × group 4, 144 0.22 .93 .006 
time window × condition × scalp location × laterality 3.02, 108.61 1.97 .12 .052 
time window × condition × scalp location × laterality 
× group 

3.02, 108.61 0.20 .90 .005 
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Studies 2-4: Materials 

 
Figure 35. Recruitment notice for studies 2-4, which was posted on campus notice boards in 

order to recruit control participants. 
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Figure 36. Information brochure, which was distributed to patients with anorexia nervosa at 

the psychosomatic hospital for the purpose of recruitment. A similar brochure was sent to 

control participants via e-mail before the first session.  
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Figure 37. Structured interview used for the assessment of socio-demographic characteristics 

in studies 2-4. 
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Figure 38. Structured interview used at the beginning of the first session of studies 2-4 for the 

verification of entrance/exclusion criteria. 
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Figure 39. Structured interview used at the beginning of the second session of studies 2-4 for 

the verification of entrance/exclusion criteria and the assessment of state variables. 
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Figure 40. Questionnaire for the assessment of hunger and body image state variables during 

the second session of studies 2-4.
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Abbreviations 

ACC = anterior cingulate cortex 
AN = anorexia nervosa 
ANOVA = analysis of variance 
BDI = Beck Depression Inventory 
BED = binge eating disorder 
BMI = body mass index 
BN = bulimia nervosa 
CBT = cognitive behavioural therapy 
CNS = central nervous system 
DSM = Diagnostic and Statistical Manual of Mental Disorders 
EBA = extrastriate body area 
EDI = Eating Disorder Inventory 
ECG = electrocardiography 
EEG = electroencephalography 
EMG = electromyography 
ERP = event-related potential 
FBA = fusiform body area 
HEOG = horizontal electrooculogram 
HEP = heartbeat evoked brain potential 
HF = high frequency (of heart rate variability) 
HRV = heart rate variability 
IAPS = International Affective Picture System 
IPAQ = International Physical Activity Questionnaire 
ISCED = International Standard Classification of Education 
LF = low frequency (of heart rate variability) 
LF n.u. = low frequency expressed in normalised units 
ln LF = logarithmised low frequency 
ln HF = logarithmised high frequency 
MEG = magnetencephalography 
MET = metabolic equivalent of task 
OECD = Organisation for Economic Co-operation and Development 
SAM = Self-Assessment Manikin scale 
SCID = Structured Clinical Interview for DSM-IV 
SDT = signal detection theory 
SES = socio-economic status 
SIAB-S = self-report screening version of the Structured Interview for Anorexic and Bulimic 

Syndromes 
SSNRI = selective serotonin-norepinephrine reuptake inhibitor 
SSRI = selective-serotonin reuptake inhibitor 
STAI = State-Trait Anxiety Inventory 
TMS = transcranial magnetic stimulation 
VEOG = vertical electrooculogram 
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