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Abstract 

Eating disorders, such as anorexia nervosa (AN), are challenging to treat successfully and have a very 
high relapse rate. Body image disturbance (BID) is a core component of these eating disorders.  It is a 
predicter of onset, treatment outcome and future relapse. However, recent studies suggest that BID 
can be improved by an adaptation of cognitive bias training. This does not target the accuracy of body 
size judgements, but instead focusses on how a body of a particular size is categorised by a patient. 
This recalibration of the categorical boundary at which bodies are judged as over-weight, which 
challenges a patient’s existing preconceptions about which constitutes an acceptable body size, seems 
to lead to a more general reassessment of eating disordered attitudes and a significant improvement in 
their psychological profile. These promising findings need further trials to determine the long-term 
effectiveness of such a targeted intervention, but it potentially provides an important additional 
treatment option. Additionally, this cognitive bias training may also be effective augmentation to 
treatment in other conditions which feature BID, such as bulimia nervosa and body dysmorphia.  
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Anorexia nervosa (AN) is a serious mental illness effecting up to 1% of the female population 
in western societies, where the long-term mortality rate has been estimated to be as high as 10%[1-3]. 
The highest for any psychiatric disease. A distorted evaluation of personal body size, or body image 
distortion (BID; DSM-5, 2013), is one of the central diagnostic criteria for AN, and is also a key 
element of psychological models of the disorder[4,5]. BID has been suggested to be a predictor of 
onset and the effectiveness of treatment and its persistence is a predictor of relapse[6-10] which has 
been estimated to be as high as 41%[11-12]. BID is so central to AN it has even been suggested that it 
be renamed as body image disorder[13]. In developing interventions to treat AN, BID provides a 
potential gateway into treating this most intractable of chronic psychiatric conditions. If BID can be 
improved, then it is possible that we may also see a more global improvement in symptoms. 
Therefore, we will first define the nature of BID and then discuss how it can be treated and the impact 
of this treatment on a patient’s psychological profile.  

Attitudinal and perceptual body image: same or different? 

According to the influential meta-analysis by Cash and Deagle[4], body image comprises two 
components: (1) perceptual body image represents the accuracy with which a person can judge the 
physical dimensions of their own body (see also [14,15]), and (2) attitudinal body image captures the 
feelings that a person has about their body size and shape. Nevertheless, a number of authors have 
suggested that body size over-estimation in conditions like AN might be explained solely in terms of 
changes in attitudinal body image[16-18], and tasks that purportedly measure perceptual body image 
may in fact be visual proxies for estimates of attitudinal body image. Given the severe psychological 
and physical consequences of eating disorders to sufferers, it is important to decide unambiguously 
whether there is a separable perceptual component to body image. 

To address this problem, Cornelissen et al.[19] used a high-level adaptation paradigm to ask whether 
perceptual body image measures are really a proxy for attitudinal body image, which is usually 
assessed psychometrically, or whether these are indeed meaningfully separate, statistically 
independent constructs. Visual adaptation is a temporary change in perception following prolonged 
exposure to a new or intense stimulus. It leads to a lingering aftereffect that may continue once the 
adapting stimulus is removed. High-level adaptation effects result in aftereffects that change in the 
same direction as the adapting stimulus. So if the first model for body image were true (i.e., vision as 
a proxy for attitude), following the logic of social comparison theory[20], the regression of 
percentage-error in body size estimation on the strength of an adapting stimulus should show negative 
slopes, with a linear interaction between the strength of the adapting stimuli and body attitude (See 
Fig. 1a). If the second, “independence” model were true, a regression of percentage error in body size 
estimation on the strength of the adapting stimulus should have a positive slope. In addition, the 
intercept of this regression line should be proportional to attitudinal measures: elevated body image 
concerns contribute a fixed amount to body size over-estimation (See Fig. 1b). Therefore, plots of the 
adaptation effect in different observers, each of whom obtains a different score on body attitude, 
should produce a set of regression lines that have a positive slope and are parallel to each other. 
Cornelissen et al.[19] thus showed clear evidence in support of independence.  

Disturbed perceptual body image in anorexia nervosa? 

Having established the validity of an independent perceptual component to body image, the 
next clinically important question is whether any differences exist in this attribute when comparing 
women with AN to healthy controls. Cornelissen et al. [21] re-analysed a previous study in which 
women with AN and healthy controls were asked to estimate their own body size by manipulating an 
image of themselves using a body morphing program[22]. The software allowed participants to match 
their perception of the size of their individual body parts with what they saw on screen by 
manipulating slider controls. Cornelissen et al.[21] directly compared participants' estimates of their 

Jo
urn

al 
Pre-

pro
of



own BMIs with their actual BMIs. As is illustrated in Fig. 2a, they found that: (1) the same regression 
of estimated BMI on actual BMI captured the data for both AN and the healthy control participants, 
and (2) the slope of this regression line was less than 1. This implied that inaccuracies in body size 
estimation across all participants, whether AN or healthy controls, could be explained by a well-
known bias in magnitude estimation called contraction bias, which is perfectly normal[23]. 
Contraction bias arises when one uses a standard reference or template for a particular kind of object 
against which to estimate the size of other examples of that object. The estimate is most accurate 
when estimating the size of an object of a similar size to the reference but becomes increasingly 
inaccurate as the magnitude of the difference between the reference and the object increases. When 
this happens, the observer estimates that the object is closer in size to the reference than it actually is. 
As a result, an object smaller in size than the reference will be over-estimated and an object larger will 
be under-estimated.  

The contraction bias explanation predicts that for both healthy controls and women with AN, 
the accuracy of their body size estimation will be driven by the BMI of the participants, in the same 
way. While Cornelissen et al.’s[21] re-analysis showed that this was the case, nevertheless the BMI 
values of the women with AN in the study by Tovée et al.[22] all actually fell within a relatively 
narrow range 6.9 BMI units (11.5 to 18.4). Most of the variation in BMI in this study was based on 
the responses of the control participants who ranged in BMI between 14.7 and 36.8 (22.1 BMI units). 
Therefore, if perceptual body image is indeed normal in AN, a sample of AN women with a much 
wider BMI range (including recovering patients to expand the range) should mirror the responses of 
healthy control participants. This is illustrated in Figure 2b, where the gold arrow shows how the 
regression of estimated BMI on actual BMI in these women should track up along the same regression 
line as in Fig. 2a. Alternatively, if perceptual body image is disturbed in AN, we should see a very 
different slope for the regression of estimated BMI on actual BMI, as illustrated in Fig. 2c.  

To test this hypothesis, Cornelissen et al.[24] asked women with AN and controls to estimate 
their body size. In the analysis, they subdivided their groups into those with higher and lower body 
concerns. For the controls, both high and low concern groups show evidence of contraction bias (Fig. 
3). Statistically, the slope of these two lines is the same, so that means that the perceptual component 
– i.e. the contraction bias effect, is the same for both groups. The difference between the two lines is 
driven solely by body attitudes. So, this means that whatever your actual BMI is, having negative 
attitudes to your body increases the size that you think you are. By comparison, women with a history 
of AN are different. The slope relating estimated size to actual size is much steeper than for controls 
(Fig. 3). Although, low BMI women with AN are actually quite accurate, as the body weight of 
anorexics increases, so the tendency for them to over-estimate body size systematically increases as a 
linear function of their own actual BMI. This is important because persistent body-size over-
estimation predicts relapse[6,25], and this over-estimation gets worse as women’s BMI increases 
towards normal and even higher levels. 

Can we treat this problem? 

Currently, the available treatments for eating disorders are based primarily on specially 
adapted cognitive-behavioural (CBT) approaches[26,27] and these have shown limited 
effectiveness[28-30]. A recent systematic review and meta-analysis suggests that once corrections for 
biases in the data are applied, the effect sizes of these treatments are small and strongly suggest the 
need for new therapies[31]. The role of BID as a core feature of AN and as a predictor both of onset 
and relapse suggest the need to develop specific therapies which target distorted body image as part of 
their treatment [6,25,32].   

Recent laboratory evidence has shown that a yes\no forced choice cognitive bias modification 
(CBM) paradigm that focuses on thin ideals and social comparison processes, leads to reduced 
concerns about eating (indexed by standardized psychometric assessment) as well as improvements in 
body image[33,34]. However, systematic Randomized Controlled Studies (RCTs) for these effects in 
clinical samples are still required. The interventions have used adapted CBM techniques that were 
originally developed in the field of anxiety[35,36]. Gledhill et al.[33] adapted this paradigm for body 
size estimation in the light of evidence that individuals show a clear categorical boundary when 
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judging bodies[37]. Using computer generated imagery (CGI) avatars representing a continuum of 
body sizes from emaciated to obese, Gledhill et al.[33] first identified the baseline measurement of the 
thin vs fat boundary in individual participants. To do this, the participants locate the point along the 
continuum which represents their subjective judgement for the transition from a “thin” to a “fat” body 
(i.e. the categorical boundary). Gledhill et al.[33] then applied the training procedure to shift an 
individual’s categorical boundary towards heavier bodies (see Fig. 4a). They ran this training 
paradigm in: (1) a sample of adult healthy women with high body image concerns and (2) a sample of 
women with atypical AN. Participants sat in front of a computer screen on which images of a female 
CGI body were presented, one at a time. A total of 15 images were used representing the change in 
BMI from emaciated to obese. On each trial, the participant was asked to classify whether the image 
on screen was thin or fat. Training was carried out over 4 sessions. Each session comprised: 1) a pre-
training baseline measurement, 2) an intervention training or control training, depending on group 
assignment, 3) a post-training measurement. The pre-training baseline measurement used 45 trials (i.e. 
3 presentations of each of the 15 images) and no feedback about a participant’s decisions was given. 
Based on their responses, the baseline thin/fat boundary for that day’s session was calculated. During 
the training phase, participants then carried out a further 6 blocks of 31 trials each, and these include 
feedback after every trial, e.g. ‘Incorrect, that body was thin’ or ‘Correct, that body was fat’. During 
the post-training measurement, the same sequence of trials as the baseline measurement was 
presented, again without feedback. Therefore, on each training session, the extent of any shift in the 
thin/fat category boundary could be calculated by comparing the post-training measurement with that 
session’s baseline measurement. The key element of the training that appears to cause the shift in the 
categorical boundary was the confrontational nature of the feedback that participants received in the 
training phase. In the intervention group, the feedback was “inflationary” and designed to move the 
boundary towards heavier bodies. For example, if the pre-intervention baseline measurement gave a 
thin/fat boundary at image 7/15, then the “inflationary” feedback was given as if that boundary was 
really at image 9/15. Therefore, images that participants had decided were fat during the baseline 
measurement they now had to accept as thin in order to get a “correct” response. By comparison, in 
the control group the feedback merely maintained the boundary identified during the baseline 
measurement (i.e. “maintenance” feedback). So, if the pre-intervention baseline measurement gave a 
thin/fat boundary at image 7/15, now the “maintenance” feedback was also given for a boundary at 
image 7/15.  

Gledhill et al.[33] showed that the increase in the size of a body that was classified as “fat”, as 
a result of training, occurred for those participants who received inflationary feedback, but not for 
those who received maintenance feedback (Fig. 4b&c). This change in the way bodies were 
categorised was accompanied by a significant reduction of the participants’ own concerns about body 
shape/weight and eating (Fig. 4d&e). When tested at 1-month follow-up, these reductions were 
retained. In a similar study, Szostak[38] also used the same training paradigm to manipulate 
participants’ interpretation of body size, and to encourage their interpretation of thinness over 
heaviness in normal-sized bodies, in women with heightened body shape, weight and eating concerns. 
The training successfully shifted the categorical boundary towards a heavier body, and the shift was 
retained at a 2-week follow-up. Most recently Irvine et al.[34] replicated the Gledhill et al.[33] study, 
but this time using longer stimulus presentations presented in a virtual reality environment. In sum, 
two key outcomes resulted from these laboratory studies: Inflationary feedback succeeded in changing 
participants’ judgements about other people’s body size. Avatars that participants would have 
described as “fat” before training were later categorized as “thin” after training. The second key 
outcome was the one that is clinically most important: all these studies found a significant change in 
participants’ attitudes about their own body. Specifically, psychological concerns they may have had 
about their own body shape and weight, as well as their own eating habits, were significantly reduced. 
This effect persisted for around one-month post-training. 

Conclusions  

BID is a key component of AN and a predicter of onset, treatment outcome and future relapse 
post-treatment. BID can be modified by targeted interventions which do not alter accuracy of body 
size judgements, instead change how a body of a particular size is categorised. This recalibration of 
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the categorical boundary, challenging the participant’s existing perceptions about themselves, seems 
to lead to a more global reassessment of eating disordered attitudes and a significant improvement in 
psychological profile. These promising findings obviously need further trials to determine the 
intervention’s long-term effectiveness, but it potentially provides a tool to treat a particularly 
intractable chronic condition. Although, the application of this intervention has been focussed on 
women with AN, it may also be effective in other conditions which feature BID, most obviously 
bulimia nervosa and body dysmorphia disorder.  
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Figure Legends 

Figure 1: a) Sketch graph to show predicted effects of adaptation for the “perception as proxy 
for attitude” hypothesis. The y-axis represents percentage error in post-adaptation body-size 
estimation. Negative values represent under-estimation and positive values over-estimation. The x-
axis corresponds to the size of the adapting stimulus relative to the body size of the observer. b) 
Sketch graph to show predicted effects of adaptation for the “independence” hypothesis. For Sketch 
graphs a) and b), the adaptation effects are shown separately for low (circles), medium (triangles), and 
high (squares) body image concerns.  

Figure 2: a) Schematic representation of the results from Cornelissen et al. (2013) with 
women with AN in orange and healthy controls in cyan; b) The pattern of body size estimation 
predicted by the contraction bias model in women with AN, or recovering from AN, who have a 
wider range of BMI; c) The pattern of body size over estimation in women with AN whose perceptual 
body image is distorted, and follows a different trajectory from that predicted by contraction bias. In 
a), b), and c) the dashed line represents veridical performance, where body size estimates are perfectly 
accurate.     

Figure 3: shows the relationship between participants' BMI (x-axis) and their subjective 
estimate of body size (PSE) separately for women with a history of AN (white) and healthy controls 
(black). The dotted black line represents the line of equality, where PSE matches BMI perfectly. The 
impact of psychometric performance on these relationships is illustrated by the separate lines for each 
group: i.e., the data are plotted for PSYCH (a latent variable derived from a principal components 
analysis of questionnaires assessing attitudes to body shape, eating, depression and self-esteem) at + 1 
SD, dashed lines, and – 1 SD, solid lines. ) 

Figure 4: a) The middle row shows part of the body sequence varying in BMI. The top row 
illustrates the results from a baseline assessment and the position of the categorical boundary prior to 
training. The bottom row illustrates the results from the post-training test session, showing that the 
categorical boundary has shifted relative to the pre-training result. b) A plot of the mean value of BMI 
at the categorical boundary (predicted from the statistical modelling) as a function of measurement 
day. Magenta and red circles represent control group (Con) pre- and post-training thresholds 
respectively. Cyan and blue circles represent intervention group (Int) pre- and post-training thresholds 
respectively. c) A plot of the predicted differences between pre- and post-training categorical 
threshold, with 95% CIs, as a function of training day. Confidence intervals that straddle zero are not 
significant at p < .05. Blue circles represent the intervention group and red circles the control group. 
d) A plot of predicted global EDE-Q scores (reported as z-scores) as a function of measurement day. 
Blue circles represent the intervention group and red circles the control group. e) A plot of the 
predicted differences in global EDE-Q z-scores between the control and training groups as a function 
of measurement day, with 95% CIs, as a function of training day. Confidence intervals that straddle 
zero are not significant at p < .05. 
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