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1. Methods 

1.1 Psychiatric and psychological assessments 

Diagnoses was established as mentioned previously with the SIAB-EX (Structured interview for 

anorexia and bulimia nervosa for DSM-IV) 1. The SIAB-EX is a well-validated 87-item semi-

standardized interview that assesses the prevalence and severity of specific eating-related 

psychopathology over the past three months. The interview provides diagnoses according to the ICD-

10 and DSM-IV and is suitable for adolescents as well as adults. It has been used widely in eating 

disorder research  2–4. A good inter-rater reliability (k=.81) for the diagnostic interview has been 

demonstrated 1. Interviews were conducted by clinically experienced and trained research assistants 

under the supervision of the attending child and adolescent psychiatrist to confirm absence of eating 

disorder symptoms, i.e. the recovery status before scanning.  

For recAN associated psychiatric comorbidity at the time of treatment was derived from medical 

records and confirmed by an expert clinician with over 10 years of experience after careful chart 

review (including consideration of medical and psychiatric history, physical examination, routine 

blood tests, urine analysis, and a range of psychiatric screening instruments). All diagnostic 

information was ascertained at the time of treatment.  

Psychiatric conditions in potential HC were ascertained using the same instruments as in 

recovered patients. All interviews were carried out by trained graduate students (psychology or 

medicine). If there were any indications of psychiatric symptoms each case was discussed with a fully 

board-certified expert clinician and assessments were extended if necessary. 

We used a short version of the German adaptation of the Wechsler Intelligence Scale for 

Children 56,7, which included the following subtests: vocabulary, letter number sequencing, matrix 

reasoning, and symbol search. The short version of the German adaptation of the Wechsler Adult 

Intelligence Scale  8,9 included the subtests: picture completion, digit symbol coding, similarities and 

arithmetics. 
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Handedness was assessed using a short version of the Annett Scale of Hand Preference 10 as 

previously implemented in Gollub et al. 11 This questionnaire asks for handedness in typical daily life 

situations as writing or brushing teeth. Response categories range from 0 ‘right hand’, 1 ‘both hands’ 

to 2 ‘left hand’. A mean score for handedness was calculated. 

Study data were collected and managed using secure, web-based electronic data capture tools 

REDCap (Research Electronic Data Capture) 12.  

1.2 Procedure for hormone measurements 

To measure leptin levels, venous blood was collected into vacutainer tubes between 7 and 9 a.m. 

after overnight fasting. Plasma samples were centrifuged (800 × g for 15 min), aliquoted, and stored 

at -80°C until analysis. Hormone concentration in all participants was measured in one session at the 

same lab using a commercially available sandwich Enzyme Linked-Immunosorbent Assay (ELISA; 

BioVendor) following manufacturer instructions. 

1.3 Experimental Paradigm 

To prevent confusion, instructions were displayed again (after training) right before the scanner 

task started and participants were informed that the paradigm had been changed in a subtle way. 

Participants were instructed to maximize their gain and were informed that they will receive their 

total monetary win in addition to a fixed monetary compensation immediately after completing the 

experiments. 

In the scanner, all stimuli were presented via a head-coil-mounted display system based on LCD 

technology (NordicNeuroLab AS, Bergen, Norway). Participants responded with two LUMItouch 

keypads (Lightwave Medical Industries, Canada). Stimuli were presented using Presentation® 

software (v11.1) 13.  
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1.4 Behavioural data analysis and quality control 

Histograms, box plots, normal probability plots and Levene’s tests were employed to verify the 

underlying statistical assumptions. Behavioural measures were compared using independent two-

sample t-tests. Correlations were calculated using Pearson correlation coefficients. All tests were 

performed with SPSS statistical software version 21.0 14. 

To ensure data quality, we verified that no participant had a hit ratio (number of decisions for the 

‘wrong’ figure divided by total number of trials) below or equal to 50% (performance below chance). 

Due to that two participants were excluded (1 recAN, 1 HC). 

1.5 MRI Data Preprocessing & Quality Control 

We evaluated the quality of the fMRI data by manual inspection and using artefact detection tools 

(ART) 15. Volumes that exceed an brightness intensity threshold of three standard deviations or a 

threshold of 2 mm normalized movement in any direction were classified as outliers (motion-outlier: 

recAN: 2.6 ± 6.5 HC: 1.5 ±5.2; intensity-outlier: recAN: 8.2 ± 4.0 HC: 7.8 ±6.4). The two groups did not 

differ regarding numbers of motion- and intensity-outliers [motion-outlier: t(60)= -.775; p= .442; 

intensity-outlier: t(60)= -.331; p= .742]. 

In accordance to the aCompCor method we captured the time series from all voxels within 

the anatomical noise mask and extracted the first six principal components (explaining most of the 

variance). The six noise components were then subjected to our first level GLM model as nuisance 

regressors.  

1.6 MRI Data Analysis 

GLM_flex is a matlab script that implements a standard partitioned error GLM that is different 

from the corrected pooled approach used in SPM8. Thus, GLM_flex is preferable for multifactorial 

repeated measures and testing of interactions since the standard partitioned error approach makes 

fewer assumptions with regard to equality of variance, independence, and the stability of covariance 

patterns across voxels. 



5 

On the first level, the physiological activity was obtained by calculating the first eigen-variate 

across the voxel within the seed region and adjusting for the effects of interest. For every participant 

a whole-brain GLM analysis was performed using the following regressors: the deconvolved 

physiological activity of the seed region, the three psychological factors (win, lose-stay, lose-shift), 

and the three products of the physiological activity and each psychological factor (referred as “PPI 

regressors”). On the second level, the estimates of the three PPI regressors were subjected to a 

whole brain group analysis using GLM_flex (see above). We conducted an F-test to explore the 

interaction of group and the PPI regressors. Due to the exploratory purpose of the PPI connectivity 

analysis we report results with a voxelwise threshold of p<0.001 and a cluster extent of k>=30.   
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2. Results 

2.1. Behavioural data 

Table S1. Additional task performance measures. RecAN and HC compared by independent paired T-

test (p<.05 describes significant different means). Displayed are means ± standard deviations. 

 recAN HC  T p 

lose-shift ratio .588 ± .14 .525 ± .14 -1.724 .090 

Win-shift ratio .083 ± .09 .043 ± .05 -2.066 .044 

Reaction time after lose 683.11 ± 133.4 639.03 ± 92.3 -1.513 .136 

Reaction time after win 649.61 ± 129.4 619.42 ± 90.8 -1.063 .292 

Abbreviations: recAN= recovered anorexia nervosa patients; HC= healthy controls. 

 

2.2. Lose-shift main effect 

 

Figure S1. Main effect of lose-shift condition. Significant clusters found in anterior cingulate cortex, 

insula, dorsolateral prefrontal cortex, ventral striatum and others (confirming 16). FWE; α=.01; 

k=50voxels.  

 

2.3. Control analysis: effect of non-eating disorder symptoms 

To investigate whether our main findings were influenced by psychiatric comorbidities, we 

reran the general linear model a) with the depression score (as assessed via SCL90-R) as a 

covariate and b) after excluding the recAN participant who had a comorbid diagnosis of OCD 

during the time of treatment. The results matched the findings obtained from the original 

sample. The findings are presented in Figure S2 (controlling for depression) and Figure S3 

(controlling for OCD) below. 
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Figure S2. Results of follow-up analysis (lose-shift, recAN>HC) controlling for depression (subscale 
depression of the SCL90-R as a covariate). 

 

 

 

 

 

Figure S3 Results of follow-up analysis (lose-shift, recAN>HC) controlling for OCD (exclusion of all 
participants with OCD diagnosis at the time of treatment (n=1)). 

 

2.4. Lose-shift HC>recAN 

For the opposite contrast of lose-shift (HC>recAN) a significant activation was found in the following 

regions: left superior occipital gyrus, right middle occipital gyrus, left calcarine, left superior parietal 

gyrus and right lingual gyrus. 
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Figure S4. Group differences (HC > recAN) for lose-shift behaviour. Brain maps showing regions that 

are activated during lose-shift in HC more than in recAN (FWE; α=.01; k=50voxels). Below local peaks 

of clusters are listed that are more activated by lose-shift behaviour in HC. 
Abbreviations: lose-shift= negative feedback incurring a change in behaviour; L= left; R= right; HC= healthy control; recAN= 

recovered anorexia nervosa patient 

 

2.5. dACC activity 

  

Figure S5. Relationships between the 

dACC activity and impaired 

behavioural performance (hit ratio). 

Significant group × hit ratio 

interaction [F(2,59)= 10.91, p= .002]: 

high hit ratio was associated with 

higher dACC response in recAN, while 

HC showed the opposite pattern 
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2.6. gPPI 

Table S2 Clusters showing group differences (recAN>HC) in change of functional connectivity with 

left IFJ (seed region) during lose-shift. Peak voxels of clusters surviving FWE-correction (p<.001; 

k≥10voxels).  

Target region hemisphere Peak voxel MNI 
coordinates 

cluster size T 

  x y Z   

Angular Gyrus L -45 -48 28 44 4.4063 

Caudate R 15 -2 28 40 3.7861 

Abbreviations: lose-shift= negative feedback incurring a change in behaviour; L= left; R= right; HC= healthy control; recAN= 

recovered anorectic patient 
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