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Chapter 1

ANOREXIA NERVOSA

Anorexia nervosa (AN) is characterized by a refusal to maintain body weight at or above a minimally 

healthy weight for age and height, and an intense fear of gaining weight or becoming overweight, 

even though underweight. Furthermore, there is a 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 (American Psychiatric Association, 1994). AN has 

severe physical consequences and a devastating influence on the quality of life of patients and their 

significant others. In addition, it is the mental disorder associated with the highest mortality risk, 

approximately 5% of patients die of the consequences of the disorder (Sullivan, 1995). The average 

point prevalence is 0.3 % (Hoek, 2006) and the life time prevalence is 0.9 % among women (Hudson, 

Hiripi, Pope, & Kessler, 2007).

According to the transdiagnostic model (Fairburn, Cooper, & Shafran, 2003), all eating disorders 

share a core psychopathology: an over-evaluation of eating, shape and weight, and of the ability 

to control them. Whereas most people evaluate themselves on the basis of their perceived 

performance in a variety of domains of life (e.g., relationships, school, work), people with eating 

disorders largely base their self-evaluation on their eating behaviour, and their shape and weight 

(Fairburn et al., 2003). 

Strict dieting to influence body shape and weight is a ‘logical’ consequence of this negative 

body-image. However, most people who start dieting are not capable of maintaining their restrictive 

eating pattern for a longer period. As soon as they quit dieting, many dieters even gain more weight 

than they initially lost (Mann et al., 2007). People with a chronic intention to lose weight are called 

restrained eaters (Herman & Polivy, 1980). Although restrained eaters are very motivated to control 

their weight by dieting, they are often unsuccessful in these attempts, and their eating behaviour is 

characterized by alternating periods of restraint and bouts of overeating (Gorman & Allison, 1995). 

AN patients belong to the small minority of dieters who are able to keep their diet for a longer 

period of time. 

The central question of this thesis is how to explain AN patients’ ability to maintain their diet, in 

contrast with the majority of dieters (i.e., restrained eaters). Therefore, two cognitive motivational 

mechanisms were studied in both successful (AN patients) and unsuccessful dieters (restrained 

eaters), to understand the ability of AN patients to successfully regulate their food intake: attentional 

bias (AB) for high caloric foods and automatic approach tendencies towards food. 

ATTENTIONAL BIAS

One explanation for the contrast between successful (AN patients) and unsuccessful dieters 

(restrained eaters) could be that AN patients are relatively effective in ignoring the automatic 

seductive properties of food items, and/or are less sensitive to the bottom-up attention capturing 

effects of food stimuli. The visual world is bursting with information, and stimuli continuously 

compete for a perceiver’s attention: Stimuli that win often, reach awareness, whereas those that 
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lose frequently go unnoticed (Most, Smith, Cooter, Levy, & Zald, 2007). 

According to the incentive sensitization theory (Robinson & Berridge, 1993), applied to 

excessive food intake (Franken, 2003), incentive salience qualities are attributed to food and food-

related stimuli (such as pictures or smell of food). The perception of food stimuli leads, due to 

classical conditioning, to dopamine release. As a consequence of this conditioning process, food-

related stimuli grab more attention, elicit craving, and lower the threshold for food intake. It has 

further been argued that a reciprocal relationship exists between attention bias and craving, and 

that it is a self-reinforcing cycle: Biased attention for food cues is thought to elicit food cravings, 

but craving food can also lead to an AB. To illustrate, an induced chocolate craving led to an AB 

(increased distraction by chocolate pictures) in healthy-weight participants (e.g., Smeets, Roefs, & 

Jansen, 2009), whereas on the other hand, an induced AB was linked to more craving (Werthmann, 

Field, Roefs, Nederkoorn, & Jansen, 2014). Consistent with the idea that an AB can contribute to 

lowering the threshold for actual food intake, a study using an eye tracker showed that an AB for 

food in hungry participants was associated with higher caloric intake during a bogus taste test (Nijs, 

Muris, Euser, & Franken, 2010).

If AN patients are not sensitive to the appetizing characteristics of food, this might help them 

to avoid entering the attention-craving-eating cycle. In contrast, restrained eaters might, analogous 

to addiction, have heightened attention for food cues, thereby enhancing craving for food. This 

might make them more sensitive for food temptations and for overeating. However, studies on AB 

for food in restrained eaters show a very inconsistent pattern of results, with evidence for enhanced 

AB, reduced AB, or an AB that is not different from unrestrained participants (see for a review: 

Werthmann, Jansen, & Roefs, 2015).  

The mixed results might partly be due to methodological differences across studies. Furthermore, 

most studies in the context of eating and AB focused on attention that is directed towards or away 

from food, or in other words, attention in the spatial domain. Paradigms developed to test this 

orienting of attention only allow examining ‘snapshots’ of attention. Attention is also distributed in 

the temporal domain. Salient information might not only cause a shift to the spatial location, but 

also induce a temporal ‘blindness’ for other information that is presented shorty before or after the 

salient cue. The visual world is highly dynamic, so temporal AB seems relevant and differences might 

also be expressed in this domain. To illustrate, it might not only be that a picture of your favourite 

food in a magazine attracts your attention, but it might also be that due to the identification of 

this picture, other information (that appears shortly before or after the food picture) is missed. 

Consequently, the picture remains longer in working memory, which in turn may give rise to craving 

and an increase in actual food intake. It would therefore be of interest to also study the temporal 

dimension of attention in the context of successful and unsuccessful dieting. 

A task that is often used to measure the temporal dynamics of attention is the Rapid Serial Visual 

Presentation task (RSVP: Raymond, Shapiro, & Arnell, 1992). In the RSVP task stimuli are presented 

sequentially without interstimulus interval on a computer screen. In every stream of pictures, one or 
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two targets appear, which have to be identified after each stream. The lag (time) between the two 

targets can be manipulated. See Figure 1 for an overview of the task. 

Basic research in the temporal dimension of visual attention has consistently shown that the ability 
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Figure 1. Example of a single target trial (third type of RSVP trials), lag 2

to identify a particular target is deteriorated when another target is presented in close temporal 

proximity. The deficit in the identification of the second target (T2) has been called the attentional 

blink, referring to the apparent refractory period following the presentation of the preceding target 

(T1). When the interval (lag) between the targets increases, T2 performance is no longer hampered. 

Temporal attentional bias can be expressed in at least four different ways within the context of a 

RSVP task: (1) Attentional blink can be diminished (magnitude of attentional blink is reduced) when 

T2 is a salient cue (e.g., food stimulus), and therefore T2 will be identified despite the preceding 

T1 (e.g., Shapiro, Caldwell, & Sorensen, 1997). (2) The appearance of a salient T2 (e.g., food) may 

interfere with the correct identification of a preceding T1 (‘backward blink’, Potter, Staub, & O’Connor, 

2002). (3) Attentional blink can be enhanced when T1 is a salient cue and, therefore, the attentional 

blink will last longer than the usual attentional blink (Koster, Raedt, Verschuere, Tibboel, & De Jong, 

2009). (4) An attentional blink can be elicited when a salient task-irrelevant distractor (e.g., food) 

is presented shortly before the actual target. The distractor can be ignored but may nevertheless 

induce an attentional blink (e.g., Most et al., 2007).

Using a RSVP, the study presented in Chapter 2, examined whether temporal AB is heightened in 

restrained eaters. To test whether this group of restrained eaters is sensitive to attentional capture by 

food cues, this group is compared with unrestrained eaters. It is hypothesized that in contrast with 

restrained eaters, AN patients are relatively insensitive to the attentional capture by food stimuli, 

and are therefore not distracted by the presentation of visual food cues. In chapter 3, performance 

on a RSVP of AN patients is compared with a comparison group without an eating disorder to test 

this hypothesis.
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AUTOMATIC APPROACH TENDENCIES

Once food is in the centre of attention, the information is processed and various behavioural 

tendencies are activated. Dual process models state that there are two systems of information 

processing that influence evaluations and behaviour: an impulsive system and a reflective system. 

The impulsive system operates fast and without conscious awareness, evaluates stimuli in terms 

of their motivational significance and is not accessible to introspection. The reflective system on 

the other hand, involves more slow, controlled and deliberate processes and impulse regulation 

(e.g., Deutsch & Strack, 2006). It is proposed that these processes are largely independent and both 

can influence behaviour. Deliberate processes are assumed to be predictive in situations where 

sufficient cognitive resources are available, while automatic processes guide impulsive behaviour 

and play a role in situations where less cognitive resources are available, as for instance under 

stress (e.g., Gawronski & Bodenhausen, 2006). Motivational processes should therefore not only be 

measured by means of subjective self-reports, but also by using indirect measurement procedures 

that do not rely on introspection, as is done in the current thesis. However, it should be mentioned 

that there is some debate about what defines automaticity and to what extent implicit measures, as 

obtained by indirect measurement procedures, can really be considered implicit (e.g., De Houwer, 

2006; Moors & De Houwer, 2006). 

One example of a more automatic process is the tendency to approach food, and this process 

is the second cognitive motivational mechanism that is studied in this thesis to understand the 

ability of AN patients to successfully regulate their food intake. Although approach tendencies 

towards food might be generally helpful to survive, such an automatic inclination to approach food 

might also interfere with a diet goal (Kakoschke, Kemps, & Tiggemann, 2015). One might argue that 

automatic approach tendencies towards food are closely related to positive affective associations 

with food (e.g., Roefs et al., 2011; Tibboel et al., 2011). 

Different paradigms are used to measure automatic affective associations with high caloric 

food, as for instance the implicit association task (IAT; Greenwald, McGhee, & Schwartz, 1998) 

and the affective priming paradigm (APP; Hermans, De Houwer, & Eelen, 1994). One study indeed 

showed that restrained eaters have positive associations with high caloric food on an implicit 

measure (Hoefling & Strack, 2008), whereas AN patients do not have more positive associations 

with palatable than with unpalatable food, whereas the healthy-weight control group did (Roefs 

et al., 2005). However, there are also studies showing the opposite pattern (negative associations 

with high caloric food in restrained eaters) (Maison, Greenwald, & Bruin, 2001; Vartanian, Polivy, & 

Herman, 2004), and there is a study that observed no significant differences between restrained and 

unrestrained eaters (Roefs, Herman, MacLeod, Smulders, & Jansen, 2005).

So, previous research using the IAT and APP showed no straightforward relationship between 

food-related affective associations and dietary restrained and AN. One explanation could be that 

this was due to the types of tasks that have been used to assess affective associations. For example, 

the IAT and APP do not rely on actual approach-avoidance responses and may therefore not 
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optimally model people’s actual behavioural tendencies. Germane to this, it has been argued that 

automatic affective associations might diverge from people’s behavioural tendencies (e.g., Veenstra 

de Jong, 2010), which may be automatically activated upon confrontation with particular stimuli, 

independently of evaluative associations (Krieglmeyer, Deutsch, De Houwer, & De Raedt, 2010). 

Consistent with the view that automatic approach tendencies might play a crucial role in the 

ability to regulate food intake, it was found that AN patients showed lower automatic approach 

tendencies towards high caloric food than participants without an eating disorder (Paslakis et al., 

2016; Veenstra & de Jong, 2011). In contrast, restrained eaters and obese people showed enhanced 

approach tendencies towards food as compared to unrestrained eaters and healthy-weight controls 

(e.g., Veenstra & de Jong, 2011; Kemps & Tiggemann, 2015). 

A bias to approach food might play a role in various contexts. First of all, it may affect eating-

relevant behaviour during meals, where one has to choose what and how much to eat. Strong 

approach tendencies may then affect both the selection of food (e.g., approach tendencies may be 

stronger for high than for low caloric food items) and the amount of food-intake. To model this type 

of situations, it is important that there is a direct contingency between the presence of tempting food 

and the required behavioural response. Therefore, we selected the Stimulus Response Compatibility 

task (SRC- De Houwer, Crombez, Baeyens, & Hermans, 2001) as a measure to assess participants’ 

food approach (or avoidance). In this task, participants are instructed to move a manikin figure on 

the computer monitor towards or away from a category of pictures (e.g., food pictures). See figure 2 

for an example trial of an approach avoidance task (e.g., de SRC).  

In one part of the task, participants are instructed to approach food pictures, and avoid non-

food pictures, whereas in another part of the task this instruction is reversed. The difference 

Figure 2. Example of an approach avoidance task- trial
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in performance between the two parts of the task is taken to reflect the automatic tendency to 

approach or avoid food. In the SRC task, food is task-relevant (because one has to approach or avoid 

depending on whether the picture contains food or not), just as food is task-relevant in the context 

of a meal. Therefore, relatively strong approach tendencies as indexed by the SRC might potentially 

be predictive for situations like meal times. Earlier research with a task-relevant approach-avoidance 

paradigm has found dieters showed, in line with their diet goal, reduced approach tendencies 

towards high caloric food words compared to non-dieters (Fishbach & Shah, 2006). So far, no study 

has used the SRC in AN patients. 

Automatic approach tendencies towards food might, however, also be elicited in situations 

where food is irrelevant for one’s current task. For example, when passing a chocolate shop while 

shopping for new clothes, one might be seduced by the sight of chocolate. Outside a regular meal 

time, one is less actively thinking of the diet goal and consequently self-control might be reduced. 

So especially when food is irrelevant for the current task and someone is doing something else, 

approach tendencies might be elicited when food is (unexpectedly) seen or smelled. This might 

consequently be predictive of (over) eating in restrained eaters and thereby interfering with their 

diet goal. 

To measure approach tendencies towards food when food is task-irrelevant, another version 

of the approach avoidance task can be used: the Affective Simon Task (AST). In the AST- manikin 

version, response requirements depend on stimulus features that are unrelated to the food/non-

food content of the pictures, such as the orientation of the stimulus (top versus side view of the 

object on the picture; e.g., Veenstra & de Jong, 2010). So, for selecting the adequate response 

(approach-avoidance), participants do not need to categorize a stimulus as food or non-food. For 

example, a participant could be instructed to approach top view pictures and to avoid side view 

pictures, while the content (food/ non-food) can be ignored. Although food versus non-food is task-

irrelevant in the AST, the effect of the task-irrelevant food vs. non-food content of the pictures on 

response latencies can be analysed, and is in fact used to index automatic, spontaneously elicited, 

responses to approach or avoid food. See figure 3 for example pictures of high caloric, low caloric, 

and neutral pictures in top view and side view.

The critical difference between successful (e.g., AN patients) and unsuccessful dieters (restrained 

eaters) might be to what extent automatic approach tendencies towards food are shown outside a 

meal situation. Especially outside meal situations, these approach tendencies might be problematic 

for keeping food intake consistent with an explicit diet goal, because restrained eaters are less 

aware of their diet goal and probably more vulnerable for automatic approach tendencies. AN 

patients, in contrast, might be less sensitive for the tempting properties of food in situations outside 

of meal times. In other words, they may not be as vulnerable to temptation by the sight or smell of 

food when they are doing something else. Consistent with this view, previous research using an 

AST found that indeed restrained eaters and obese people show enhanced approach tendencies 

towards food (e.g., Veenstra & de Jong, 2011; Kemps & Tiggemann, 2015), whereas AN patients Figure 2. Example of an approach avoidance task- trial
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showed lowered approach tendencies than participants without eating disorder problems (Paslakis 

et al., 2016; Veenstra & de Jong, 2011). No study so far compared performance in both paradigms 

directly, while they potentially model different situations. In this thesis, measures of the automatic 

approach towards food when food is task-relevant as well when task-irrelevant are directly compared 

restrained eaters and in AN patients.

Chapter 4 describes a study on automatic approach tendencies towards food in restrained 

eating, to test if restrained eaters show heightened approach tendencies compared to unrestrained 

controls. As a second aim, this study tested the influence of mood on approach bias and eating 

behaviour. The reason that mood was taken into account is that implicit measures of associations 

may not be stable, but instead are context dependent and vary as a function of for instance mood. It is 

hypothesized that both positive and negative mood might be involved in craving and intake (Baker, 

Morse, & Sherman, 1986). Negative-affect craving is triggered by a negative emotional response or 

aversive events, whereas the positive-affect craving system is activated by positive emotional states 

or cues paired with eating and its pleasurable or positively reinforcing effects. When activated, both 

the positive and the negative affect system could induce craving experiences, approach behaviour, 

affect, and corresponding physiological reactions. 

To test if AN patients show less approach or even avoidance tendencies toward high-caloric 

food both when food is task-relevant and when food is task-irrelevant, a large group of AN patients 

Figure 3. Example pictures of high caloric, low caloric, and neutral pictures in side view and top view.
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is compared with a comparison group. This study is described in Chapter 5. Furthermore, to 

determine whether reduced automatic approach tendencies are crucial in the maintenance of AN, 

a longitudinal study was conducted, as described in Chapter 6. It was hypothesised that a reduction 

in eating disorder symptoms between baseline and follow up is associated with an increase of 

approach tendencies toward food, and that lower automatic approach tendencies at baseline are 

predictive for treatment outcome after one year follow up. 

OUTLINE THESIS

To summarize, the global aim of the studies presented in this thesis was to improve our understanding 

of AN patients’ striking ability to maintain their diet, in contrast with restrained eaters. Although 

individuals in this latter group are very motivated to control their weight by dieting, they are often 

unsuccessful in these attempts (Herman & Polivy, 1980). Together, all studies potentially contribute 

to the understanding of which cognitive processes are involved in successful and unsuccessful 

dieting. Both AB and automatic approach tendencies, together with explicit measures of craving, 

eating disorder symptoms and weight are studied to gain this insight. Chapters 2 and 3 focus on 

the possible role of temporal attentional bias in the (dys)regulation of food intake in restrained 

eaters (chapter 2) and anorexia nervosa patients (chapter 3). It is hypothesized that restrained eaters 

show enhanced distraction by food cues compared to unrestrained eaters and that, in contrast, AN 

patients are less sensitive to attentional capture compared to the comparison group without an 

eating disorder. Chapters 4, 5, and 6 describe studies about automatic approach tendencies towards 

food in AN and restrained eaters, both when food is task-relevant and when food is task-irrelevant. It 

is hypothesized that restrained eaters show more approach tendencies towards (high) caloric food, 

whereas AN patients show less approach tendencies or even avoidance tendencies. Furthermore, 

it is hypothesized that for AN patients, automatic approach tendencies towards food will increase 

after treatment, and that (low) approach tendencies at baseline are predictive for eating disorder 

symptoms at one year follow up.
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