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Abstract 

 

Social-emotional processing difficulties have been reported in Anorexia Nervosa (AN), yet the 

neural correlates remain unclear. Previous neuroimaging work is sparse and has not used functional 

connectivity paradigms to more fully explore the neural correlates of emotional difficulties. Fifty-

seven acutely unwell AN (AAN) women, 60 weight-recovered AN (WR) women and 69 healthy 

control (HC) women categorised the gender of a series of emotional faces while undergoing 

Functional Magnetic Resonance Imaging. The mean age of the AAN group was 19.40 (2.83), WR 

18.37 (3.59) and HC 19.37 (3.36). A whole brain and psychophysical interaction connectivity 

approach was used. Parameter estimates from significant clusters were extracted and correlated with 

clinical symptoms. Whilst no group level differences in whole brain activation were demonstrated, 

significant group level functional connectivity differences emerged. WR participants showed 

increased connectivity between the bilateral occipital face area and the cingulate, precentral gyri, 

superior, middle, medial and inferior frontal gyri compared to AAN and HC when viewing  happy 

valenced faces. Eating disorder symptoms and parameter estimates were positively correlated. Our 

findings characterise the neural basis of social-emotional processing  in a large sample of 

individuals with AN. 

  

 

Keywords 

Anorexia Nervosa, Emotional Processing, Emotional Faces, Functional Magnetic Resonance 

Imagining, Psychophysical Interaction.   

 

 

 

 

 

 

 

 

 

 



 

 

 

1. Introduction 

Anorexia Nervosa (AN) is a life-threatening eating disorder, characterised by low body mass index 

(BMI) and intense fear of weight gain, with undue influence placed on body shape and weight 

(APA, 2013). AN has a 1-4% incidence rate amongst European women (Keski-Rahkonen & 

Mustelin, 2016) and is associated with a significantly elevated mortality rate (Arcelus, Mitchell, 

Wales & Nielsen, 2011). Despite AN having a significant burden on health outcomes (Ágh et al, 

2016), its neurobiology is poorly understood, especially when compared to other severe psychiatric 

disorders (Kaye, Wierenga, Bailer, Simmons & Bischoff-Grethe, 2013; Berner et al, 2019). 

 

Despite this uncertainty, models of AN have characterised a range of social-emotional difficulties 

which may constitute a possible  maintenance mechanism in AN, as well as a barrier to treatment 

(Treasure, Corfield, & Cardi, 2012; Treasure & Schmidt, 2013; Oldershaw, Startup & Lavender, 

2019).  Participants with AN, when compared with healthy controls (HC), exhibit difficulties in 

interpreting and regulating emotion states as well as demonstrating attentional biases towards 

negative stimuli such as  negatively valenced faces (Harrison, Sullivan, Tchanturia & Treasure, 

2010; Dapelo, Surguladze, Morris & Tchanturia, 2015; Westwood, Kerr-Gaffney, Stahl & 

Tchanturia, 2017). Social-emotional difficulties are known to mediate the relationship between 

eating disorder symptoms and co-morbid traits (Mansour et al 2016) and it has been argued that the 

interaction amongst social-emotional, cognitive and interpersonal difficulties in AN contribute to 

the development  of illness (Treasure & Schmidt, 2013), as well as being  a potential risk factor for 

AN  (Treasure, Corfield, & Cardi, 2012). Recent evidence has highlighted that treatment models 

need to address social-emotional difficulties in order to successfully treat AN and that findings from 

neuroscience can help inform these models (Oldershaw, Startup & Lavender, 2019). Therefore  fully 

characterising social-emotional difficulties on a neural level would contribute to a greater 

understanding of the biological mechanisms possibly causing and maintaining the disorder and 

inform treatment options.  

 

Examining the neural underpinnings of social-emotional processing difficulties can be done using 

an Implicit Emotional Processing Task (IEPT) while undergoing Functional Magnetic Resonance 

Imaging (FMRI, Phillipou et al 2015). Implicit rather than explicit tasks are commonly used to 



examine social-emotional processing while undergoing FMRI as implicit tasks are less cognitively 

demanding and do not interfere with emotional processing (Phillipou et al 2015). IEPT involve 

showing a series of emotional faces to participants while explicitly asking participants to attend to 

another aspect of the face such as gender, rendering emotional processing implicit. One of the first 

studies to examine social emotional processing using an IEPT in AN found increased blood oxygen 

level dependent (BOLD) response in the fusiform gyrus in underweight individuals with AN using 

exploratory whole brain analysis (Fonville, Giampietro, Surguladze, Williams & Tchanturia, 2014). 

The authors hypothesised that this reflected alterations in the detection/perceptual nodes of social-

processing networks, which is involved with early perceptual processing of social-emotional stimuli 

(Fonville, Giampietro, Surguladze, Williams & Tchanturia, 2014). This hypothesis is based on the 

theory put forward by Nelson and colleagues who argued that social information processing can be 

divided into three broad functional nodes, each with a different role in social emotional processing; 

the perceptual, affective and cognitive regulatory/executive nodes (Nelson, Jarcho, & Guyer, 2016). 

The perceptual node consists of the occipital face area (OFA) and fusiform face area (Nelson, 

Jarcho, & Guyer, 2016) and has been associated with an atypical response in other psychiatric 

conditions such as depression (Le et al 2017) and Autism Spectrum Disorder (Nomi, & Uddin 

2016), both of which are over represented in individuals with AN (Haynos & Fruzzetti, 2011; 

Westwood & Tchanturia, 2017). 

 

In spite of the findings from Fonville and colleagues suggesting alterations during early perceptual 

processing of social emotional stimuli in AN, issues still remain. Other IEPT studies of underweight 

individuals with AN have not replicated this result (Phillipou et al, 2015, Leppanen et al, 2017a; 

Leppanen et al, 2017b). There are multiple reasons why this maybe the case. Previous studies, for 

example, have used different experimental and analysis methods to the Fonville et al study, such as 

using participants own faces (Phillipou et al, 2015) rather than standardised faces, or different 

contrast methods (Leppanen et al, 2017a; Leppanen et al, 2017b). Previous work may have also 

been underpowered, which is known to cause false positive and false negative findings (Vadillo, 

Konstantinidis, & Shanks, 2016). Further studies, using a standardised methodology with larger 

sample sizes and greater statistical power are therefore needed to address inconsistencies in 

previous findings.  

 

Fonville and colleagues also limited their study to the use of underweight AN participants and 

examined the neural response to only happy emotions. Behavioural evidence and evidence from 

FMRI have demonstrated that individuals with AN process negative stimuli atypically (Harrison, 



Sullivan, Tchanturia & Treasure, 2010; Dapelo, Surguladze, Morris & Tchanturia, 2015; Leppanen 

et al, 2017a; Leppanen et al, 2017b). Therefore it is of interest to understand whether alterations in 

early social processing occur with negative stimuli as well as positive. Behavioural studies have 

also demonstrated that underweight individuals with AN and those who are weight restored  have 

different emotional processing (Oldershaw, Startup & Lavender, 2019). Weight-restored individuals 

with AN have a differing neural profile compared to HC and those with acute illness. For example,   

during a social identity game, weight-restored individuals with AN in response to directed self-

evaluations activated the dorsal anterior cingulate cortex and inferior frontal gyri response 

compared to underweight individuals with AN and HC (McAdams et al 2016). The authors argued 

that neural differences in this social-emotional task in weight-restored individuals may constitute a 

target for potential treatment ( McAdams et al 2016). This finding demonstrates the impact of 

malnutrition on social-emotional processing in AN. Therefore, it would be of interest to examine the 

effect of weight restoration on neural processing in an IEPT. 

  

Finally, no functional connectivity paradigms using an IEPT have been conducted in individuals 

with AN as far as we are aware. Recent evidence has suggested that emotion is not localised to 

specific brain regions, but rather distributed across networks (Lindquist et al, 2012; Pessoa, 2014; 

Kragel & LaBar, 2016; Diano et al, 2017) demonstrating functional connectivity to be important in 

the study of social emotional processing. Evidence from IEPTs in underweight individuals with AN 

has shown that alterations in the perceptual node (Fonville, Giampietro, Surguladze, Williams & 

Tchanturia, 2014) and in the affective node (Leppanen et al, 2017a; Leppanen et al, 2017b) exist. 

Therefore, it would be of great interest to see if functional connectivity from these nodes to other 

brain regions differs between participants with lived experience of AN and healthy controls (HC) in 

an IEPT. An important region in the perceptual node is the OFA, which is involved in face 

processing (Pitcher, Walsh & Duchaine 2011; Nelson, Jarcho, & Guyer, 2016) and is located within 

the inferior occipital gyri (Pitcher, Walsh & Duchaine 2011). Previous face processing connectivity 

paradigms in AN and other disorders such as Tourette’s syndrome have examined connectivity 

using the OFA (Moody et al 2016; Rae et al 2018). OFA/inferior occipital gyrus connectivity has 

also been shown to be modulated by emotional faces (Xiu Geiger & Klaver 2015). An important 

region of the affective node is the amygdala, whose role in emotional processing has been well 

characterised (Diano et al, 2017). Previous connectivity work using the amygdala in face processing 

in other disorders has highlighted its importance (Goulden et al, 2012). As the OFA and amygdala 

are key regions of the perceptual and affective nodes respectively, these are ideal candidates to be 

used as seed regions in a functional connectivity paradigm, to examine how the perceptual and 

affective nodes interact with the rest of the brain when viewing emotional faces. 



 

Therefore, this study will examine the neural underpinnings of emotional difficulties in individuals 

with AN using an IEPT. We used a similar analysis method to Fonville and colleagues in an attempt 

to validate previous findings as well as expanding on them by using different emotional stimuli, a 

larger sample size and  comparing a weight-restored (WR) group and an acutely underweight group 

(AAN). We have also expanded upon Fonville and colleagues’ study by exploring how the 

perceptual and affective nodes interact with the rest of the brain by using the commonly used 

functional connectivity paradigm psycho-physical interactions (PPI), which examines task-specific 

increases in connectivity between a predefined seed region and other brain regions (O'Reilly et al, 

2012). The seed regions for the PPI analysis were the bilateral OFA and amygdala, due to their key 

roles within the perceptual and affective nodes respectively. Our hypothesis was that participants 

with AN would have an increased BOLD response in the perceptual node, compared to HC as well 

as having an atypical functional connectivity profile from the perceptual and affective nodes (as 

represented by the OFA and amygdala) to the rest of the brain.  

  

2. Materials and Methods. 

2.1 Participants   

In total 191 participants were recruited, which included 58 AAN , 60 WR and 73 HC participants. 

Participants’ height and weight were taken before the MRI scan and were used to calculate BMI 

(kg/cm2) to allow for group stratification. For participants under 18 years old an age-adjusted BMI 

formula was used, which is a percentage of median BMI for age and gender. A cut-off of 85% of 

percentage of median BMI was used for group stratification based on clinical guidelines (Royal 

College of Psychiatrists, 2012). AAN was defined as having a concurrent diagnosis of AN as 

defined by DSM-5 criteria, with a percentage of median  BMI of less than 85% for participants aged 

under 18 or a BMI of less than 18.5 for participants aged over 18. WR was defined as having 

previously been diagnosed with AN, but having had a BMI within the healthy weight range (18.5-

25) if over 18 years old or a percentage BMI of greater than 85% if aged under 18 years old at the 

time of enrolment and MRI scan. HCs were defined as having no history of an eating disorder, with 

a BMI within the healthy range for age  at the time of the study. This resulted in three HC being 

excluded due to being underweight for age, leaving 70 HC. The mean age of the AAN group was 

19.40 (2.83), WR 18.37 (3.59) and HC 19.37 (3.36) and did not differ between groups (see table 1). 

Groups also did not differ on Intelligence Quotient (IQ, see table 1).  Patients with AN were 

recruited from the South London and Maudsley Specialist Eating Disorders Service, South West 



London and St George’s Eating Disorders Service, as well as Beat, the largest UK charity for eating 

disorders. HC participants were recruited from the local community, as well as King’s College 

London staff and students. Participants were eligible if they were right-handed, aged 12 to 27, had 

no history of serious brain trauma, learning disabilities or neurological impairment, and no MRI 

incompatibility (pregnancy, claustrophobia and metal in or around the body, unable to be removed). 

All participants were screened using the structured clinical interview for DSM 5 researcher version 

for any major psychiatric co-morbidities  (First, Williams, Karg, Spitzer, 2015). 

 

All participants gave written, informed, consent and the study was approved by National Research 

Ethics Committee (17/LO/2071). All research activities were conducted in accordance with the 

Declaration of Helsinki (2013). 

 

2.2 Task 

The implicit emotion task involved showing participants a series of faces with differing emotional 

qualities. Participants indicated on a button box whether the faces were male or female, to occupy 

conscious, explicit components of attentional processing and rendering emotional reactivity 

implicit. Faces were taken from a standardised series of images (Young, Perrett, Calder, 

Sprengelmeyer & Ekman, 2002). The emotional facial expressions examined were neutral, happy 

and fearful as used in previous IEPT in AN (Fonville, Giampietro, Surguladze, Williams & 

Tchanturia, 2014; Leppanen et al, 2017a; Leppanen et al, 2017b), allowing comparisons to be made 

to the previous literature. The emotional content of the faces was happy (showing a 100% happy 

facial expression), partially happy (showing a 50% happy, 50% neutral facial expression), neutral (a 

100% neutral facial expression), partially fearful (a 50% fear, 50% neutral facial expression) and 

fearful (a 100% fearful facial expression).  Testing was divided into tasks presented within the same 

MRI experimental testing session. The order of tasks was standardised, so that participants 

completed the testing task of partially and fully happy faces prior to completing the partially or fully 

fearful faces testing tasks. Twenty fully-emotional faces (100% happy or fearful), 20 partially-

emotional faces (50% happy or fearful), 20 neutral faces and 13 fixation crosses were shown in 

each testing task. Faces were presented for two seconds, with a variable inter-stimulus duration of 

one to seven seconds, which was fixed to a Poisson distribution. Similar designs have been used in 

other experiments in eating disorders (Fonville, Giampietro, Surguladze, Williams & Tchanturia, 

2014) and mood disorders (Surguladze et al 2010). 

 



2.3 Clinical and Self-reported measures 

Before the MRI scan, participants completed the self-reported Eating Disorders Examination -

Questionnaire  (EDE-Q, Fairburn and Beglin, 2008) and the Hospital Anxiety and Depression Scale 

(HADS, Zigmond and Snaith, 1983) to examine eating disorder psychopathology as well as anxiety 

and depression symptomatology. Participants also completed the National Adult Reading Test to 

measure IQ (Nelson & Wilson, 1991) and a demographic questionnaire which included duration of 

illness. 

 

2.4 Scanning parameters 

Images were acquired using a 3T GE MRI scanner, located at the Centre for Neuroimaging Sciences 

at King’s College London. A high resolution T1 weighted image was taken for FMRI co-

registration, with the following parameters: echo time 3.016 sec, repetition time 7.312 sec, 1.2 mm 

slice thickness, field of view (FOV) 270mm, flip angle 11 degrees, matrix 256 x 256 pixels. T2* 

weighted gradient echo planar images, depicting BOLD responses, were acquired with 41 slices of 

3mm thickness and the following parameters: Repetition time of 2 seconds, echo time 30ms, FOV 

240mm2, flip angle 75 degrees, matrix of 64 x 64 pixels and a slice gap of 3.3 mm.   

 

2.5 Statistical analysis 

2.5.1 Clinical and Behavioural analysis 

Group differences in age BMI, EDE-Q global score, HADS and IQ were initially examined using a 

one-way ANOVA; however, as the assumption of normality of residuals was violated, Kruskal 

Wallis tests were used for the main analysis. When significant group differences were demonstrated, 

post-hoc Mann-Whitney U tests, Bonferroni-corrected for multiple comparisons, were performed to 

test for direction of significance. A Mann-Whitney U test was also conducted due to violation of the 

normal distribution of data, to examine differences in illness duration between the AAN and the WR 

groups. Group differences in reaction time and number of correct responses for the task were also 

examined using a Kruskal Wallis test due to violation of the assumption of normally distributed 

residuals. All clinical and behavioural data was analysed using Python 3.8.5, in the Anaconda 

software packages (Anaconda software distribution, 2016).   

 



2.5.2 Neuroimaging data analysis. 

All FMRI data was analysed using the Statistical Parametric Mapping software 12 toolbox (SPM12, 

http://www.fil.ion.ucl.ac.uk/spm). The images were slice-time corrected, motion corrected, co-

registered to a high resolution T1 image and normalised to the standard Montreal Neurological 

Institute (MNI) Template space. Images were spatially smoothed, with an 8mm full width at half 

maximum Gaussian kernel and assessed for quality control. Two participants’ scans had to be 

excluded due to image acquisition errors, leaving 57 AAN, 60 WR and 69 HC  (186 participants) in 

the final analysis. 

 

Fixed-effects analysis was carried out for each participant, using the general linear model (GLM). 

Regressors were used to model the onset and duration of the fixation cross, neutral faces, partially 

happy faces, partially fearful faces, fully happy and fully fearful faces with six regressors to control 

for head motion. The time series was then convolved with the canonical haemodynamic response 

function and a high-pass filter of 120 seconds was fitted to the data. To investigate responses to 

emotional faces, a linear contrast was fitted to the data, consisting of neutral faces – partial emotion 

– full emotion. This created two contrasts; a happy linear contrast consisting of neutral faces (taken 

from the happy testing session) - partially happy faces – full happy faces as well as a fear linear 

contrast consisting of neutral faces – partially fearful faces – fully fearful faces (see fig 1). 

 

The PPI analysis aimed to identify brain regions where emotional-related connectivity to the OFA 

differed between groups. As this approach has been used in disorders co-morbid with AN but not 

directly in individuals with AN, the PPI method used in this study was similar to that from Goulden 

et al (Goulden et al, 2012).  First masks of the bilateral OFA and amygdala were created using the 

WFUpickatlas toolbox (Maldjian, Laurienti, Kraft, & Burdette, 2003) in SPM12. The co-ordinates 

for the OFA were 46, -75, -3 for the right OFA and -43, -82, -7 for the left OFA (Bona, Cattaneo & 

Silvanto 2015) while an anatomical mask of the amygdala was used. Then the time series was 

calculated and extracted from the OFA and amygdala for each experimental condition for each 

participant using the first eigenvariate from the time series of all voxels in the OFA and amygdala  

masks. A PPI regressor was created, using the OFA and amygdala time series and a vector encoding 

for task comparison, which consisted of two linear contrasts, a happy linear contrast (neutral faces – 

partially happy face – fully happy faces) and a fear linear contrast (neutral faces – partially fearful – 

fully fearful faces). The PPI regressor was entered into a fixed level GLM for each participant 



creating PPI contrast images for the happy linear contrast and fear linear contrast. These two 

contrast images were brought forward for random effects analysis to test for group differences.  

  

Random effects analysis involved one-way ANOVAs between all three clinical groups for each of 

the two whole brain  linear contrasts and the two PPI linear contrasts. Significance was defined as 

surviving cluster extent threshold of p<0.05 family-wise error (FWE) corrected for multiple 

comparisons, with an uncorrected cluster-forming threshold of p<0.001. If significance was found, 

post-hoc t-tests in SPM were used to find direction of significance along with plotting parameter 

estimates. 

 

To further explore the relationship between eating disorder, depressive symptoms as well as age to 

the biological underpinnings in relation to emotion, parameter estimates were extracted from 

significant clusters, using the MaRsBar ROI toolbox (Brett, Anton, Valabregue & Poline, 2002) in 

SPM12. Extracted parameter estimates were correlated using Spearman’s correlation analysis with 

age, BMI, EDE-Q and HADS. Correction for multiple comparisons was done by FWE correction,  

with p(FWE) <0.05 considered significant. Within-group correlations was also conducted and the 

results are presented in the supplementary material. Extracted parameter values were also used to 

calculate effect size, using Cohen’s d, once direction of significance was discovered in significant 

clusters. All statistical analysis with parameter estimates was conducted in the Anaconda 

environment using python 3.8.5 (Anaconda software distribution, 2016).  

 

3. Results 

3.1 Self-report and behavioural results 

Participants’ clinical and demographic data are presented in Table 1. All groups differed 

significantly on BMI and HADS. The AAN and WR groups had significantly increased EDE-Q 

scores compared with HC, but did not differ from each other. Age and IQ did not significantly differ 

between groups. No group differences between the AAN and the WR were demonstrated for illness 

duration (Mann-Whitney U statistic= 1216, p=0.82, not in table).    

 

Table 1  

 



Task-related behavioural data revealed no group differences in reaction time to partially happy 

(Kruskal test statistic =0.58, p(FWE)=1.0), partially fearful (Kruskal test statistic=<0.01, 

p(FWE)=1.0), happy (Kruskal test statistic = 0.18 ,p(FWE)=1.0), neutral faces (Kruskal test 

statistic = 0.05, p(FWE)=1.0) and fearful faces (Kruskal test statistic = 0.22, p(FWE)=1.0). There 

were also no group differences for accuracy for partially happy (Kruskal test statistic =0.78, 

p(FWE)=0.95), partially fearful (Kruskal test statistic= 3.60, p(FWE)=0.52), happy (Kruskal test 

statistic = 0.18, p(FWE)=0.95), neutral faces (Kruskal test statistic = 1.96 ,p(FWE)=0.76) and 

fearful faces (Kruskal test statistic = 6.23, p(FWE)=0.20).   

 

3.2 Neuroimaging Results 

3.2.1 Whole Brain Analysis for the Happy Faces Linear Contrast  

No significant whole brain group differences were demonstrated for the happy faces linear contrast.. 

 

3.2.2 Whole Brain Analysis for the Fear Faces Linear Contrast  

No significant between group differences were demonstrated for the fear faces linear contrast. 

 

3.2.3 PPI Connectivity Analysis 

PPI analysis demonstrated significant group differences in the happy faces linear contrast between 

the OFA and two clusters, one frontal cluster extending bilaterally and one left-sided frontal cluster,  

demonstrated in Fig 1 and Table 2. The bilateral frontal cluster covered the bilateral anterior and 

middle cingulate cortices as well as the bilateral superior, middle, medial and inferior frontal gyri 

and the right precentral gyri. The left-sided frontal cluster extended to the inferior and middle 

frontal gyri as well as the precentral gyri. Post-hoc t-tests demonstrated the direction of significance 

was WR>AAN and WR>HC for both of the clusters with a small to medium effect size for both 

cluster.. No significant group differences were seen for the fearful linear contrast or for the 

amygdala. 

 

Table 2 

Figure 1 

 



3.2.3 Analysis of Parameter Estimates. 

We conducted correlations between age, BMI, EDE-Q and HADS  to extracted parameter estimates 

from the significant PPI clusters. The EDE-Q was very weakly correlated to both clusters, p=0.025, 

r=0.21 for the cluster located at 28, 32, 32 and p=0.048, r=0.19 for the cluster located at -44, 0, 40. 

We also ran within-group correlations which we have presented in the supplementary material. No 

other correlations were found. 

 

4. Discussion 

The aim of this study was to examine the neural underpinnings of social-emotional difficulties in 

AN, using a similar FMRI acquisition and analysis method to Fonville and colleagues. We aimed to 

validate their whole brain results as well as to expand on the previous study by using a larger 

sample size, inclusion of a negative stimuli as well as a WR group. Our hypothesis for the whole 

brain analysis was that the AN groups would have increased response in areas of the perceptual 

node, but this was not supported by our data. We also expanded on the previous study by examining 

functional connectivity differences between the perceptual and affective nodes to the rest of the 

brain. We hypothesised that the AN groups would have an atypical functional connectivity profile 

from the perceptual and affective nodes, which our data partially supports. We found that the WR 

group had increased connectivity between two clusters and the OFA compared to both AAN and 

HC.   

 

In response to the positive facial emotions the WR group demonstrated increased connectivity 

between the OFA and the bilateral medial prefrontal cortex, the bilateral anterior cingulate cortex, 

inferior and middle frontal gyri. Previous work has demonstrated that these areas have been 

associated with top-down emotional regulation (Etkin, Egner & Kalisch 2011), social cognition and 

cognitive control (Brewer, Garrison & Whitfield-Gabrieli 2013) as well as forming part of the 

cognitive control network (Breukelaar et al, 2017). These regions also form a part of the cognitive 

regulatory node (Nelson, Jarcho, & Guyer, 2016). The increased connectivity from the perceptual 

node to cognitive regulatory node in the WR group may represent excessive cognitive processing 

and emotional regulation during early perceptual processing, which does not take place in AAN and 

HC groups. Behavioural studies lend support to this hypothesis by suggesting increased cognitive 

processing exist beyond the acute phase of the AN (Tchanturia et al, 2012 , Fuglset et al 2019) with 

behavioural models proposing that cognitive and social emotional difficulties act together to 

maintain illness (Treasure & Schmidt, 2013).  Also in disorders which are co-morbid with AN such 



as depression (Haynos & Fruzzetti, 2011), a similar hypothesis of atypical cognitive control 

response of early perception has been proposed as a key deficit (Le et al 2017).  

 

Interestingly we demonstrated no whole brain or connectivity differences involving the affective 

node. Though previous studies using IEPT in underweight AN individuals have found atypical 

BOLD responses in areas of the affective node, the amygdala and the insula (Leppanen et al, 2017a; 

Leppanen et al, 2017b), we have not been able to reproduce this. Our results therefore suggest that 

individuals with AN do not engage atypical affective processing of emotional stimuli. This may 

indicate that increased cognitive control of early perception, rather than atypical affective 

processing could be a key compensatory mechanism when processing happy emotional stimuli in 

our WR group, though further research is needed to confirm this. 

 

Previous work in IEPTs in AN by Fonville and colleagues suggests that early perceptual differences 

in underweight AN individuals underlay social-emotional processing difficulties present in AN 

(Fonville, Giampietro, Surguladze, Williams & Tchanturia, 2014). We have not replicated this 

study’s whole brain analysis between underweight AN and HCs, as our whole brain analysis did not 

yield any results, while our connectivity findings suggested a difference between WR > AAN and 

HC.  Our results do however build on Fonville and colleagues’ interpretation, suggesting the neural 

basis of social emotional difficulties may be increased connectivity between the perceptual and 

cognitive regulatory nodes, possibly representing increased cognitive control of early perceptual 

processing of social stimuli in WR individuals and not excessive affective processing.  

 

Interestingly eating disorder parameters were positively correlated to both the PPI clusters, so that 

increased eating disorder symptomatology and increased connectivity are correlated.  Behavioural 

models of AN suggest that increased eating disorder symptoms is associated with different social-

emotional experiences (Oldershaw, Startup, Lavender, 2019) and that eating disorder 

symptomatology, increased cognitive control and social emotional difficulties are inter-related 

(Treasure & Schmidt, 2013). Therefore the correlation between eating disorder symptoms and 

connectivity between the perceptual node and the cognitive regulatory node maybe the neural basis 

of social emotional-difficulties in individuals with AN. Though clearly this is a tentative hypothesis 

and would need to be further explored before any firm conclusions could be made. 

 



Our results however raise some interesting questions such as why no connectivity differences were 

seen between the AAN and HC groups, but connectivity differences between the AN groups and 

between the WR and HC existed. A possible explanation could be the modulating effect of weight 

on brain function in emotional processing tasks. Low weight has been shown to affect different 

aspects of emotion, being used as an emotional regulation strategy to ease emotional regulation 

difficulties (Brockmeyer et al, 2012), as well as reducing emotional experience (Oldershaw, Startup 

& Lavender, 2019). Theoretical models of AN propose that eating disorder behaviours which lead to 

low weight are used as a coping strategy for emotional arousal (Haynos & Fruzzetti, 2011). It could 

be that low weight affects social-emotional processing in a similar manner to emotional regulation, 

emotional arousal and emotional experience. Therefore, it could be that as individuals with AN gain 

weight, atypical functional connectivity in response to emotional stimuli emerge. This tentative 

hypothesis would be interesting to explore, possibly in a longitudinal manner, as individuals with 

AAN weight restore.  

 

Another interesting question is why there were no between-group differences for the exploratory 

whole brain analysis. Previous social-emotional experiments have demonstrated exploratory whole 

brain differences between underweight, weight-restored individuals with AN and HC  (McAdams, 

Lohrenz & Montague, 2015; Phillipou et al, 2015; McAdams et al 2016). A possible reasons we 

were unable to replicate whole brain findings from these studies could include other studies having 

altered the IEPT (Phillipou et al, 2015), or used different social-emotional tasks (McAdams, 

Lohrenz & Montague, 2015; McAdams et al 2016). Other studies may not have had the same level 

of statistical power as the current study, which can also cause false positives and negatives (Vadillo, 

Konstantinidis, & Shanks, 2016). 

 

Our results are consistent with previous evidence demonstrating no whole brain group differences 

between AN and HC during social-emotional tasks (Cowdrey, Harmer, Park & McCabe, 2012; 

Bang, Rø, & Endestad, 2016; Leppanen et al, 2017a; Leppanen et al, 2017b). However, like this 

study, when a different analytical strategy is used, group level differences emerge (Bang, Rø, & 

Endestad, 2016; Leppanen et al, 2017a; Leppanen et al, 2017b). It might be that current exploratory 

whole-brain analysis methods used by this and other studies examining social emotional processing 

in individuals with AN are not sensitive enough to detect social-emotional group differences in 

participants with AN.  

 



Another possible reason for our lack of whole brain group differences could be that the neural basis 

of social-emotional difficulties in individuals with AN may be due to network and functional 

connectivity disruption rather than to disruption in localised regions. This fits with recent evidence 

that argues emotional processing is distributed across networks (Pessoa 2014; Kragel & LaBar, 

2016; Diano et al, 2017). Therefore, as exploratory whole brain analysis cannot examine functional 

connectivity, this may explain why group level differences didn’t emerge in our study for the whole 

brain exploratory analysis, but did in the PPI analysis. As connectivity has not been explored in 

IEPT before, further research examining connectivity in social-emotional processing in AN is 

needed to evaluate this hypothesis. 

 

Finally, an older age or a longer duration of illness might be needed for whole brain functional 

differences to emerge. Previous studies that have found group-level whole brain differences 

between underweight AN and HC participants have recruited individuals who are older with a 

longer illness duration compared to this study (Fonville, Giampietro, Surguladze, Williams & 

Tchanturia, 2014; McAdams, Lohrenz & Montague, 2015; Phillipou et al, 2015; McAdams et al 

2016).  The mean duration of illness for our  AAN group was 3.69 years for the WR group 3.84 

years and mean age of 19.40 year (AAN), 18.37 years (WR) and 19.37 years (HC). Compared with 

previous studies that used participants with AN mean age and illness duration of 27 years and 10 

years ( McAdams et al 2016) and mean age and mean illness duration of 23 and 7 years (Fonville, 

Giampietro, Surguladze, Williams & Tchanturia, 2014). Therefore the age and length of illness of 

our participants may be insufficient to allow for whole brain differences to emerge. It might be the 

case that atypical functional connectivity is present at an earlier illness stage in younger individuals 

with AN, which over the course of time develops into whole brain regional differences. This again 

would be a worthwhile area to explore with longitudinal studies. 

 

The final notable finding is that no results for the fearful stimuli were found. This is surprising as 

group differences  have been demonstrated in numerous negative conditions, such as fearful faces 

(Leppanen et al, 2017a, Leppanen et al, 2017b), in emotional conflict tasks (Bang, Rø, & Endestad, 

2016) and viewing negative images (Seidel et al, 2018). However, we believe this finding to be 

important. Lack of response to fearful stimuli could suggest that atypical processing in AN occurs in 

response to positive facial emotional stimuli only. Therefore, atypical processing of positive facial 

stimuli could be a driving force of social-emotional difficulties, not atypical processing to fearful 



facial stimuli. This hypothesis would need to be further explored before any firm conclusions can be 

made.  

 

This study is not without limitations. Our WR group included a relatively heterogeneous mix of 

participants, some who had fully recovered, however some still remained symptomatic. We also did 

not have knowledge of the clinical course of the AAN group. This group was recruited from a 

variety of services and it was unclear if some participants in this group were engaged in treatment 

and improving or deteriorating in nutritional status. Underweight individuals engaging with 

treatment, for example, will be at a different stage of the disorder compared to underweight 

individuals who are not. This may have introduced heterogeneity into this group and may offer an 

explanation for some of our findings. We would recommend that future research control for clinical 

course of the disorder.   

 

The use of static faces in this study can also be considered a limitation. Dynamic facial expressions 

have been shown to be more sensitive at depicting subtle facial expressions of emotion (Kätsyri & 

Sams, 2008) and are considered more natural, which might be better in patient groups with known 

difficulties in extracting information from stimuli, such as in ASD (Dobs, Bülthoff & Schultz 2018). 

Future studies may wish to consider using dynamic faces, either to try to replicate IEPT findings in 

AN, or as an adjunct to convey subtler emotional expressions.    

 

Another limitation of the study is that we could not control for medication or AN subtype in the 

analysis, as this information was not known. Medication has been demonstrated previously to affect 

facial processing in AN (Fonville, Giampietro, Surguladze, Williams & Tchanturia, 2014), and in 

emotional tasks AN subtype has been shown to affect neural processing (Miyake et al, 2010). 

Future research may wish to take medication and AN subtype into consideration. 

 

Future research may also consider adapting the IEPT. While faces are the most powerful tool for 

communicating affective stimuli (Diano et al, 2017), recent evidence has shown that body cues are 

also used to discriminate emotions (Aviezer, Trope, & Todorov, 2012). In the context of AN, this 

may be of interest as images of bodies have shown to elicit an emotional response (Friederich et al, 

2010), with differences in the insula (Friederich et al, 2010) and the amygdala (Vocks et al, 2010) 

being demonstrated. These regions have also been associated with implicit emotional processing of 



faces in AN (Leppanen et al, 2017a; Leppanen et al, 2017b). It may therefore be interesting for 

future studies to consider including both faces and bodies in emotional processing tasks.   

 

Despite the limitations of this study, our results represent the largest sample to have investigated 

implicit emotional processing in young people with AN, which has important implications for 

future AN research. Our results contribute to a growing literature base establishing the 

pathophysiology of AN. By using a combination of whole brain analysis and a connectivity 

paradigm not previously used in IEPTs in AN, we have identified neural correlates of emotional 

processing difficulties. We have also suggested a unique connectivity and neural profile for WR and 

AAN participants, which warrants further exploration in future studies.   

 

References  

 

1 Ágh, T., Kovács, G., Supina, D., Pawaskar, M., Herman, B. K., Vokó, Z., & Sheehan, D. V. 

(2016). A systematic review of the health-related quality of life and economic burdens of 

anorexia nervosa, bulimia nervosa, and binge eating disorder. Eating and weight disorders : 

EWD, 21(3), 353–364. doi:10.1007/s40519-016-0264-x 

 

2 American Psychiatric Association. (2013). Diagnostic and statistical manual of mental 

disorders (5th ed.). Arlington, VA: Author 

 

3 Anaconda Software Distribution. Computer software. Vers. 2-2.4.0. Anaconda, Nov. 2016. Web. 

https://anaconda.com. 

 

4 Arcelus J, Mitchell AJ, Wales J, Nielsen S. Mortality Rates in Patients With Anorexia Nervosa 

and Other Eating Disorders: A Meta-analysis of 36 Studies. Arch Gen 

Psychiatry. 2011;68(7):724–731. doi:https://doi.org/10.1001/archgenpsychiatry.2011.74 

 

5 Aviezer, H., Trope, Y., & Todorov, A. (2012). Body Cues, Not Facial Expressions, Discriminate 

Between Intense Positive and Negative Emotions. Science, 338(6111), 1225-1229. doi: 

10.1126/science.1224313 

https://anaconda.com/
https://doi.org/10.1001/archgenpsychiatry.2011.74


 

6 Bang, L., Rø, Ø., & Endestad, T. (2016). Amygdala alterations during an emotional conflict task 

in women recovered from anorexia nervosa. Psychiatry Research: Neuroimaging, 248, 126-133. 

doi: 10.1016/j.pscychresns.2015.12.008 

 

7 Berner, L., Brown, T., Lavender, J., Lopez, E., Wierenga, C. and Kaye, W. (2019). 

Neuroendocrinology of reward in anorexia nervosa and bulimia nervosa: Beyond leptin and 

ghrelin. Molecular and Cellular Endocrinology, 497, p.110320. 

 

8 Bona S, Cattaneo, Z, & Silvanto J. (2015). The Causal Role of the Occipital Face Area (OFA) 

and Lateral Occipital (LO) Cortex in Symmetry Perception. The Journal Of 

Neuroscience, 35(2), 731-738. https://doi.org/10.1523/jneurosci.3733-14.2015  

 

9 Brett, M., Anton, JL., Valabregue, R., Poline, J. Region of interest analysis using an SPM 

toolbox [abstract] Presented at the 8th International Conference on Functional Mapping of the 

Human Brain, June 2-6, 2002, Sendai, Japan. Available on CD-ROM in NeuroImage, Vol 16, 

No 2. 

 

10 Breukelaar, I. A., Antees, C., Grieve, S. M., Foster, S. L., Gomes, L., Williams, L. M., & 

Korgaonkar, M. S. (2017). Cognitive control network anatomy correlates with neurocognitive 

behavior: A longitudinal study. Human brain mapping, 38(2), 631–643. 

https://doi.org/10.1002/hbm.23401  

 

11 Brockmeyer, T., Holtforth, M., Bents, H., Kämmerer, A., Herzog, W., & Friederich, H. (2012). 

Starvation and emotion regulation in anorexia nervosa. Comprehensive Psychiatry, 53(5), 496-

501. https://doi.org/10.1016/j.comppsych.2011.09.003 

 

12 C.G. Fairburn, S.J.Beglin. Eating disorder examination questionnaire (EDE-Q 6.0). C.G. 

Fairburn (Ed.), Cognitive Behavior Therapy and Eating Disorders, Guilford Press, New York 

(2008), pp.309-313 

 

13 Cowdrey, F., Harmer, C., Park, R., & McCabe, C. (2012). Neural responses to emotional faces 

in women recovered from anorexia nervosa. Psychiatry Research: Neuroimaging, 201(3), 190-

195. doi: 10.1016/j.pscychresns.2011.08.009 

 



14 Dapelo M, Surguladze S, Morris R, & Tchanturia, K. (2015). Emotion Recognition in Blended 

Facial Expressions in Women with Anorexia Nervosa. European Eating Disorders 

Review, 24(1), 34-42. doi: 10.1002/erv.2403 

 

15 Diano, M., Tamietto, M., Celeghin, A., Weiskrantz, L., Tatu, M. K., Bagnis, A., … Costa, T. 

(2017). Dynamic Changes in Amygdala Psychophysiological Connectivity Reveal Distinct 

Neural Networks for Facial Expressions of Basic Emotions. Scientific reports, 7, 45260. 

doi:10.1038/srep45260 

 

16 Dobs, K., Bülthoff, I., & Schultz, J. (2018). Use and Usefulness of Dynamic Face Stimuli for 

Face Perception Studies—a Review of Behavioral Findings and Methodology. Frontiers In 

Psychology, 9. doi: 10.3389/fpsyg.2018.01355 

 

17 Etkin, A., Egner, T., & Kalisch, R. (2011). Emotional processing in anterior cingulate and 

medial prefrontal cortex. Trends in Cognitive Sciences, 15(2), 85–93. 

https://doi.org/10.1016/j.tics.2010.11.004 

 

18 First, MB, Williams, JBW, Karg, RS, Spitzer, RL (2015). Structured Clinical Interview for 

DSM-5 – Research Version (SCID-5 for DSM-5, Research Version; SCID-5-RV). American 

Psychiatric Association: Arlington, VA. 

 

19 Fonville, L., Giampietro, V., Surguladze, S., Williams, S., & Tchanturia, K. (2014). Increased 

BOLD signal in the fusiform gyrus during implicit emotion processing in anorexia 

nervosa. NeuroImage. Clinical, 4, 266–273. doi:10.1016/j.nicl.2013.12.002 

 

20 Friederich, H., Brooks, S., Uher, R., Campbell, I., Giampietro, V., & Brammer, M. et al. (2010). 

Neural correlates of body dissatisfaction in anorexia nervosa. Neuropsychologia, 48(10), 2878-

2885. doi: 10.1016/j.neuropsychologia.2010.04.036 

 

21 Fuglset T. S. (2019). Set-shifting, central coherence and decision-making in individuals 

recovered from anorexia nervosa: a systematic review. Journal of eating disorders, 7, 22. 

https://doi.org/10.1186/s40337-019-0251-5  

 



22  Goulden, N., McKie, S., Thomas, E. J., Downey, D., Juhasz, G., Williams, S. R., … Elliott, R. 

(2012). Reversed frontotemporal connectivity during emotional face processing in remitted 

depression. Biological psychiatry, 72(7), 604–611. doi:10.1016/j.biopsych.2012.04.031 

 

23 Harrison, A., Sullivan, S., Tchanturia, K., & Treasure, J. (2010). Emotional functioning in eating 

disorders: attentional bias, emotion recognition and emotion regulation. Psychological 

Medicine, 40(11), 1887-1897. doi: 10.1017/s0033291710000036 

 

24 Haynos, A., & Fruzzetti, A. (2011). Anorexia Nervosa as a Disorder of Emotion Dysregulation: 

Evidence and Treatment Implications. Clinical Psychology: Science And Practice, 18(3), 183-

202. doi: 10.1111/j.1468-2850.2011.01250.x 

 

25 Kätsyri, J., & Sams, M. (2008). The effect of dynamics on identifying basic emotions from 

synthetic and natural faces. International Journal Of Human-Computer Studies, 66(4), 233-242. 

doi: 10.1016/j.ijhcs.2007.10.001 

 

26 Kaye, W. H., Wierenga, C. E., Bailer, U. F., Simmons, A. N., & Bischoff-Grethe, A. (2013). 

Nothing tastes as good as skinny feels: the neurobiology of anorexia nervosa. Trends in 

neurosciences, 36(2), 110–120. doi:10.1016/j.tins.2013.01.003 

 

27 Keski-Rahkonen, A., & Mustelin, L. (2016). Epidemiology of eating disorders in 

Europe. Current Opinion In Psychiatry, 29(6), 340-345. doi: 10.1097/yco.0000000000000278 

 

28 Kragel, P. A., & LaBar, K. S. (2016). Decoding the Nature of Emotion in the Brain. Trends in 

cognitive sciences, 20(6), 444–455. doi:10.1016/j.tics.2016.03.011 

 

29 Le, T. M., Borghi, J. A., Kujawa, A. J., Klein, D. N., & Leung, H. C. (2017). Alterations in 

visual cortical activation and connectivity with prefrontal cortex during working memory 

updating in major depressive disorder. NeuroImage. Clinical, 14, 43–53. 

https://doi.org/10.1016/j.nicl.2017.01.004  

 

30  Leppanen, J., Cardi, V., Paloyelis, Y., Simmons, A., Tchanturia, K., & Treasure, J. (2017a). 

Blunted neural response to implicit negative facial affect in anorexia nervosa. Biological 

Psychology, 128, 105-111. doi: 10.1016/j.biopsycho.2017.07.010 

 



31 Leppanen, J., Cardi, V., Paloyelis, Y., Simmons, A., Tchanturia, K., & Treasure, J. (2017b). 

FMRI Study of Neural Responses to Implicit Infant Emotion in Anorexia Nervosa. Frontiers in 

psychology, 8, 780. doi:10.3389/fpsyg.2017.00780 

 

32  Lindquist, K. A., Wager, T. D., Kober, H., Bliss-Moreau, E., & Barrett, L. F. (2012). The brain 

basis of emotion: a meta-analytic review. The Behavioral and brain sciences, 35(3), 121–143. 

doi:10.1017/S0140525X11000446 

 

33 Maldjian, J., Laurienti, P., Kraft, R., & Burdette, J. (2003). An automated method for 

neuroanatomic and cytoarchitectonic atlas-based interrogation of fMRI data 

sets. Neuroimage, 19(3), 1233-1239. doi: 10.1016/s1053-8119(03)00169-1 

 

34 Mansour, S., Rozenblat, V., Fuller-Tyszkiewicz, M., Paganini, C., Treasure, J., & Krug, I. 

(2016). Emotions mediate the relationship between autistic traits and disordered eating: A new 

autistic-emotional model for eating pathology. Psychiatry Research, 245, 119-126. 

https://doi.org/10.1016/j.psychres.2016.08.021 

 

35 McAdams, C. J., Lohrenz, T., & Montague, P. R. (2015). Neural responses to kindness and 

malevolence differ in illness and recovery in women with anorexia nervosa. Human brain 

mapping, 36(12), 5207–5219. https://doi.org/10.1002/hbm.23005 

 

36 McAdams, C. J., Jeon-Slaughter, H., Evans, S., Lohrenz, T., Montague, P. R., & Krawczyk, D. 

C. (2016). Neural differences in self-perception during illness and after weight-recovery in 

anorexia nervosa. Social cognitive and affective neuroscience, 11(11), 1823–1831. 

https://doi.org/10.1093/scan/nsw092 

 

37 Miyake, Y., Okamoto, Y., Onoda, K., Kurosaki, M., Shirao, N., Okamoto, Y., & Yamawaki, S. 

(2010). Brain activation during the perception of distorted body images in eating 

disorders. Psychiatry Research: Neuroimaging, 181(3), 183-192. doi: 

10.1016/j.pscychresns.2009.09.001 

 

38 Moody, T. D., Sasaki, M. A., Bohon, C., Strober, M. A., Bookheimer, S. Y., Sheen, C. L., & 

Feusner, J. D. (2015). Functional connectivity for face processing in individuals with body 

dysmorphic disorder and anorexia nervosa. Psychological medicine, 45(16), 3491–3503. 

doi:10.1017/S0033291715001397 

https://doi.org/10.1002/hbm.23005
https://doi.org/10.1093/scan/nsw092


 

39 Nomi, J. S., & Uddin, L. Q. (2015). Face processing in autism spectrum disorders: From brain 

regions to brain networks. Neuropsychologia, 71, 201–216. 

https://doi.org/10.1016/j.neuropsychologia.2015.03.029  

 

40 Nelson, E., Jarcho, J., & Guyer, A. (2016). Social re-orientation and brain development: An 

expanded and updated view. Developmental Cognitive Neuroscience, 17, 118-127. 

https://doi.org/10.1016/j.dcn.2015.12.008  

 

41 Nelson HE, Wilson J (1991) National Adult Reading Test (NART), NFER-Nelson, Windsor, 

UK. 

 

42 Oldershaw, A., Startup, H., & Lavender, T. (2019). Anorexia Nervosa and a Lost Emotional 

Self: A Psychological Formulation of the Development, Maintenance, and Treatment of 

Anorexia Nervosa. Frontiers in psychology, 10, 219. https://doi.org/10.3389/fpsyg.2019.00219 

 

43  O'Reilly, J. X., Woolrich, M. W., Behrens, T. E., Smith, S. M., & Johansen-Berg, H. (2012). 

Tools of the trade: psychophysiological interactions and functional connectivity. Social 

cognitive and affective neuroscience, 7(5), 604–609. doi:10.1093/scan/nss055 

 

44  Pessoa L. (2014). Understanding brain networks and brain organization. Physics of life 

reviews, 11(3), 400–435. doi:10.1016/j.plrev.2014.03.005 

 

45  Phillipou, A., Abel, L. A., Castle, D. J., Hughes, M. E., Gurvich, C., Nibbs, R. G., & Rossell, S. 

L. (2015). Self perception and facial emotion perception of others in anorexia nervosa. Frontiers 

in psychology, 6, 1181. doi:10.3389/fpsyg.2015.01181 

 

46 Pitcher, D., Walsh, V., & Duchaine, B. (2011). The role of the occipital face area in the cortical 

face perception network. Experimental Brain Research, 209(4), 481-493. 

https://doi.org/10.1007/s00221-011-2579-1  

 

47 Rae, C. L., Polyanska, L., Gould van Praag, C. D., Parkinson, J., Bouyagoub, S., Nagai, Y., 

Seth, A. K., Harrison, N. A., Garfinkel, S. N., & Critchley, H. D. (2018). Face perception 

enhances insula and motor network reactivity in Tourette syndrome. Brain, 141(11), 3249–3261. 

https://doi.org/10.1093/brain/awy254  



 

48 Royal College of Psychiatrists. (2012). Junior MARSIPAN: Management of Really Sick Patients 

under 18 with Anorexia Nervosa (p. 17). Royal College of Psychiatrists. Retrieved from 

https://www.rcpsych.ac.uk/docs/default-source/improving-care/better-mh-policy/college-

reports/college-report-cr168.pdf 

 

49 Seidel, M., King, J., Ritschel, F., Boehm, I., Geisler, D., & Bernardoni, F. et al. (2018). 

Processing and regulation of negative emotions in anorexia nervosa: An fMRI 

study. Neuroimage: Clinical, 18, 1-8. https://doi.org/10.1016/j.nicl.2017.12.035 

 

50 Surguladze, S., Marshall, N., Schulze, K., Hall, M., Walshe, M., & Bramon, E. et al. (2010). 

Exaggerated neural response to emotional faces in patients with bipolar disorder and their first-

degree relatives. Neuroimage, 53(1), 58-64. https://doi.org/10.1016/j.neuroimage.2010.05.069 

 

51 Tchanturia, K., Davies, H., Roberts, M., Harrison, A., Nakazato, M., Schmidt, U., Treasure, J., 

& Morris, R. (2012). Poor cognitive flexibility in eating disorders: examining the evidence 

using the Wisconsin Card Sorting Task. PloS one, 7(1), e28331. 

https://doi.org/10.1371/journal.pone.0028331  

 

52 Treasure, J., Corfield, F., & Cardi, V. (2012). A Three-phase Model of the Social Emotional 

Functioning in Eating Disorders. European Eating Disorders Review, 20(6), 431-438. 

https://doi.org/10.1002/erv.2181 

 

53 Treasure, J., Schmidt, U. The cognitive-interpersonal maintenance model of anorexia nervosa 

revisited: a summary of the evidence for cognitive, socio-emotional and interpersonal 

predisposing and perpetuating factors. J Eat Disord 1, 13 (2013) doi:10.1186/2050-2974-1-1 

 

54 Vadillo, M. A., Konstantinidis, E., & Shanks, D. R. (2016). Underpowered samples, false 

negatives, and unconscious learning. Psychonomic bulletin & review, 23(1), 87–102. 

doi:10.3758/s13423-015-0892-6 

 

55 Vocks, S., Busch, M., Grönemeyer, D., Schulte, D., Herpertz, S., & Suchan, B. (2010). Neural 

correlates of viewing photographs of one's own body and another woman's body in anorexia and 

bulimia nervosa: an fMRI study. Journal of psychiatry & neuroscience : JPN, 35(3), 163–176. 

doi:10.1503/jpn.090048 



 

56  Westwood, H., Kerr-Gaffney, J., Stahl, D., & Tchanturia, K. (2017). Alexithymia in eating 

disorders: Systematic review and meta-analyses of studies using the Toronto Alexithymia 

Scale. Journal of psychosomatic research, 99, 66–81. doi:10.1016/j.jpsychores.2017.06.007 

 

57 Westwood, H., & Tchanturia, K. (2017). Autism Spectrum Disorder in Anorexia Nervosa: An 

Updated Literature Review. Current psychiatry reports, 19(7), 41. doi:10.1007/s11920-017-

0791-9 

58 Xiu, D., Geiger, M. J., & Klaver, P. (2015). Emotional face expression modulates occipital-

frontal effective connectivity during memory formation in a bottom-up fashion. Frontiers in 

behavioral neuroscience, 9, 90. https://doi.org/10.3389/fnbeh.2015.00090  

 

59 Young AW, Perrett DI, Calder AJ, Sprengelmeyer R, Ekman P (2002): Facial Expressions of 

Emotion: Stimuli and Tests (FEEST). Bury St. Edmunds, UK: Thames Valley Test Company. 

 

60  Zigmond, A. S., & Snaith, R. P. (1983). The hospital anxiety and depression scale. Acta 

Psychiatrica Scandinavica, 67(6), 361–370. https://doi.org/10.1111/j.1600-0447.1983.tb09716x 

 

Tables 

Table 1. Participant demographics and clinical information with Kruskal Wallis 

tests and multiple comparisons corrected. 

 AAN 

Mean 

(SD) 

WR 

Mean 

(SD) 

HC 

Mean 

(SD) 

Kruskal 

wallis test 

Bonferroni Corrected p values, 

using Mann-Whitney U 

AAN/WR  AAN/HC  HC/WR 

Age 

(in years) 

19.40 

(2.83) 

18.37 

(3.59) 

19.37 

(3.36) 

5.58 

(Kruskal test 

statistic) 

0.061 (p 

value) 

180 (df) 

- - - 

BMI 16.38 

(1.39) 

20.36 

(2.33) 

22.83 

(3.36) 

115.00  

(Kruskal test 

statistic)   

<0.01 (p 

<0.01 <0.01 <0.01 



value) 

167 (df) 

EDE-Q 

Global 

score 

3.35 

(1.54) 

2.88 

(1.62) 

0.61 

(0.83) 

 81.54  

(Kruskal test 

statistic) 

<0.01 (p 

value) 

166 (df) 

0.13 <0.01 <0.01 

HADS 

Score 

19.31 

(7.78) 

15.79 

(7.22) 

8.04 

(5.59) 

61.41  

(Kruskal test 

statistic) 

<0.01 (p 

value) 

166 (df) 

0.01 <0.01 <0.01 

IQ 109.13 

(6.88) 

110.69 

(7.57) 

112.67 

(7.64) 

4.34 

(Kruskal test 

statistic) 

0.11 (p 

value) 

165 (df) 

- - - 

Duration 

of illness 

(in years) 

3.69 

(2.81) 

3.84 

(2.80) 

n/a  

 

- - - 

Note. AAN = Acute anorexia nervosa; BMI = body mass index; df = Degrees of freedom; 

EDE-Q = Eating Disorder Examination–Questionnaire version; HADS= Hospital Anxiety 

Depression Scale; HC = Healthy control;SD=Standard Deviation; WR = Weight-recovered 

anorexia nervosa 

  

Table 2. One-way ANOVA to show significant BOLD connectivity differences between all three 

groups with the Amygdala as Seed Region. 

Brain region Peak MNI 

co-

ordinates 

X, Y, Z mm 

k Z  P(FWE) Mean 

Parameter 

estimates  

(SD) 

Direction of 

significance 

from post hoc t-

tests 



(Effect Size, 

cohens d) 

 Happy Linear Contrast  

Bilateral anterior and middle 

cingulate cortices 

Bilateral superior frontal gyri 

Bilateral middle frontal gyri  

Bilateral medial frontal gyri 

Bilateral Inferior Frontal 

Gyri 

Right precentral gyrus 

28, 32, 32 3298 5.07 <0.001 AAN 0.00  

(0.12) 

WR 0.12 

( 0.18) 

HC -0.06 

(0.18) 

WR>AAN 

(0.42) 

WR>HC 

(0.42) 

Left middle frontal gyrus 

Left inferior frontal gyrus 

Left precentral gyrus 

-44, 0, 40 398 4.33 0.006 AAN -0.02 

(0.13) 

WR 0.1 

(0.19) 

HC -0.05 

(0.16) 

WR>AAN 

(0.43) 

WR>HC (0.43) 

Uncorrected cluster forming threshold p value <0.001 with correction for multi comparisons by 

cluster extent. 

Note: AAN= Acute Anorexia Nervosa participants; FWE= Family Wise Error; HC = Healthy 

Controls; k = cluster extent; MNI = Montreal Neurological Institute; WR = weight-restored 

Anorexia Nervosa  participants 

 

Figure Legends 

 

Figure 1. A – Significant Blood Oxygen Level Dependent response from Psycho-Physical 

Interactions analysis in a one-way ANOVA, between all three groups, for the Happy Linear 

Contrast. Cluster colours are presented below for easy of interpretation.  

B – Contrast estimated  plotted for each group for the bilateral cluster (yellow cluster) located at 28, 

32, 32. Blue is healthy controls, red is acutely underweight AN group and green is weight-restored 

AN group 

C – Contrast estimates plotted for each group for left-sided cluster (red cluster) located at -44, 0, 40  

Blue is healthy controls, red is acutely underweight AN group and green is weight-restored AN 

group  

D. Pictorial representation of task 

 



Figure 2. Plot for accuracy of neutral faces and reaction time for all three groups. 

 

Figure 3. Plot for accuracy of happy faces and reaction time for all three groups. 

 

Figure 4. Plot for accuracy of partially happy faces and reaction time for all three groups. 

 

Figure 5. Plot for accuracy of partially fearful faces and reaction time for all three groups. 

 

Figure 6. Plot for accuracy of fearful faces and reaction time for all three groups. 


