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Abstract

:

Anorexia Nervosa (AN) is a severe and often enduring disorder characterized by restriction of food intake, low body weight, fear of weight gain, and distorted body image. Investigations on cognition performance in AN patients have yielded conflicting results. Using an established and sensitive computerized cognitive test battery, we aimed to assess core aspects of cognitive function, including attention span, information processing, reasoning, working and episodic memory, in AN patients and controls. Patients were recruited from the Danish Prospective Longitudinal all-comer inclusion study in Eating Disorders (PROLED). Included were 26 individuals with AN and 36 healthy volunteers (HV). All were tested with CogTrack (an online cognitive assessment system) at baseline, and AN patients were tested again at a follow-up time point after weight increase (n = 13). At baseline, AN patients showed faster reaction times in the attention tasks, as well as increased accuracy in grammatical reasoning compared to HV. There were no differences in cognitive function between AN patients and HV in the other cognitive domains measured (sustained attention, working and episodic memory, speed of retrieval, and speed of grammatical reasoning). No differences were visible in the AN sample between baseline and follow-up. Performance did not correlate with any clinical variables in the AN sample. These findings supplement results from other studies suggesting increased concentration and reasoning accuracy in patients suffering from AN, who showed increased performance in cognitive tasks despite their illness.
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1. Introduction


Anorexia Nervosa (AN) is characterized by restriction of food intake (often paired with increased energy expenditure) and fear of weight gain despite being underweight, as well as a distorted body image [1]. Genetic studies strongly suggest that AN has both psychiatric and metabolic components [2]. The prevalence of AN is approximately 0.9% in women and 0.3% in men [3,4]. Treatment is usually given for long periods of time, and recovery is slow, incomplete, and accompanied by a high risk of relapse [5]. Life-threatening medical complications are known to occur during the course of the disease if not treated, contributing to a higher risk of suicide and associated death rates, corresponding to approximately 7% of those linked to psychiatric disorders [6,7].



In light of the unknown etiology and the high morbidity and mortality rates of AN patients, a better understanding of the disorder and its psychopathology is warranted, especially in order to improve existing treatment approaches. Neuropsychology has been proposed as the mediator between underlying neurobiology and psychological functioning and thereby presents an excellent opportunity for behavioral research in order to gain a deeper understanding of both the mechanisms underlying eating disorders’ (ED) behavior [8] as well as when and how to treat patients with AN [9].



Neuropsychological investigations in AN patients have revealed heterogeneous findings regarding their performance in different cognitive domains [10,11,12]. For example, while some have shown reduced performance in attentional functions (vigilance and selective attention), memory (verbal recall accuracy and speed), and executive functions (cognitive flexibility, central coherence, and decision-making) [11,13,14], others have shown only selective impairments, no differences, or even better performance compared to control groups [15,16,17,18]. However, the published studies are very heterogeneous regarding the type of cognitive tests used, how many and which domains of cognitive function were covered, and which age groups were included, warranting more standardized measures. In adult patients with AN, only a few studies with large sample sizes have been conducted, using a variety of cognitive tests and test batteries. Results report a trend towards no differences or decreased performance for AN patients compared to healthy volunteers (HV) in the speed of processing, working memory, attention, and set shifting [11,17,19,20,21,22,23]. Additionally, Stedal and colleagues [24] found decreased set-shifting and memory capacity, but increased verbal fluency in patients with AN, when using the Ravello profile. Some studies have described normalization or a trend towards normalization after weight restoration of different cognitive domains, especially in younger samples [18,20,25,26], while others have reported persisting alterations even in the recovered state [27,28,29] or inconclusive findings for adult patients [30]. Similarly, findings regarding associations between clinical variables such as body mass index (BMI) and ED symptoms and cognitive functioning appear to be heterogeneous [31,32,33,34,35]. Clarifying the extent of a potential cognitive impairment in moderately and severely underweight AN patients is important, since this may counteract and interfere with treatment attempts and may be an outcome for clinical assessments.



In the past, most studies investigating eating disorders and associated cognitive performance have used traditional paper-and-pencil cognitive tests [13], which have an extensive literature base. However, over the last 35 years, recognition has increased for computerized cognitive tests that allow the presentation of tests and stimuli to be more standardized between participants. These tests remove problems with interrater reliability and add the possibility of measuring millisecond reaction times that are essential to establishing processing and decision-making time, therefore enabling the reliable detection of differences. Additionally, the tests permit repeated testing with the ease of parallel form use. However, it is evident from the eating disorder literature that there are only a few studies that have utilized computerized cognitive test batteries, including the CANTAB [36,37], the Cognitive Drug Research (CDR) system [31,38,39], the CogState battery, and the IntegNeuro cognitive battery [18]. The results have been conflicting, ranging from subtle changes [36] that normalized with increasing weight [18] to changes in motor inhibition [31,37] and attention [31].



To assess major aspects of cognitive function relevant to everyday life in adult patients with AN, we used the computerized cognitive test battery CogTrackTM, including tests of attention, information processing, reasoning, working and episodic memory. AN participants at baseline and follow-up as well as HV were part of the Prospective Longitudinal All-comer inclusion study on Eating Disorders (PROLED). Based on previous findings regarding deficits in cognitive functioning in acute as well as recovered AN patients, we expected decreased performance of patients with AN compared to HV, as well as an increase in performance at the follow-up time point after weight gain. We further assumed clinical variables presenting ED severity (ED symptoms and BMI) to correlate with cognitive performance in the AN sample during the acute stage.




2. Materials and Methods


2.1. Participants


Between January 2016 and December 2017, 26 (24 female) adult patients (28.62 years ±9.7) diagnosed with AN, together with 36 HV (30 female; 25.42 ± 3.42 years), participated in the PROLED study. The ongoing PROLED study is a clinical naturalistic 10-year annual follow-up study. The PROLED study has been reviewed and approved by the National Committee on Health Research Ethics (Ethical Application Id: DNVK Journal no: H-15012537) and is conducted in compliance with the Declaration of Helsinki and International Conference on Harmonisation and Good Clinical Practice Guidelines. All subjects participating in the PROLED study provided their written informed consent.



Inclusion criteria for the patient group was an AN diagnosis according to ICD-10 [40] (50.0 or 50.1), age >18 years, and informed consent. All patients were recruited through their referral to the Psychiatric Center Ballerup (PCB). All patients were in various stages of a weight restoration program, as either inpatients or in intensive day-care treatment (4 weekdays out of 5). Meals were provided 3 (daycare) to 5 (inpatient) times per day, and food intake was monitored by trained nurses. A dietician had planned the meals individually to enable a 1 kg weight gain per week. All patients had undergone medical and psychiatric examinations, and any medical complications had been addressed. Comorbid diagnoses as well as medication were derived from medical records. Of the 26 individuals, 16 received psychotropic medication, i.e., antidepressants (n = 10) and/or antipsychotic medication (n = 9). Nineteen individuals were diagnosed with one or more comorbid disorders, the most common being neurotic, stress-related, and somatoform disorders (F40.0–48; n = 12), mood disorders (F30.0–39; n = 9), and disorders of personality and behavior in adult individuals (F60.0–69; n = 4). None of the patients was on systematically provided psychotherapy at the time of assessment, while some had infrequent, non-regular, supportive dialogues with psychologists. Subjects undergoing forced care were excluded from the study. A subsample of patients with AN (n = 13) were also assessed before discharge (between baseline and follow-up measurement, which was on average after 100 days; BMI increased, on average, by 2.01).



HV were recruited via public advertisement. They had to be of normal weight (BMI > 18.5 or BMI < 25) and between 18 and 45 years old. Exclusion criteria were a lifetime psychiatric diagnosis, medication intake during the last 3 months, abnormal eating behaviors, as well as any chronic illnesses.



The patients and controls were asked to detail the highest level of education completed, ranging from (1) Secondary Education (GCSE/O-Levels) to (7) Higher University training, indicating the years spent in education. We estimated the sample size based upon previous studies using similar cognition instruments [39].




2.2. Clinical Measures


Initial diagnostic assessments were made using the Psychiatric State Examination (PSE) diagnostic interview [41], Eating Disorder Examination (EDE diagnostic questions [42]), and routine clinical and laboratory assessments for the diagnosis of AN and comorbid disorders. The PROLED study includes validated questionnaires that assess general and specific aspects of ED, as well as co-morbid disorders such as depression, anxiety, personality dysfunctions, previous traumas, autism, cognition, social aspects, global function, quality of life, and psychotic features. A number of questionnaires are used in the PROLED study, and for this particular investigation, the Major Depressive Inventory (MDI; [43]), the Eating Disorder Examination-Questionnaire (EDE-Q; [44]), and the Global Assessment of Functioning (GAF-F; [45]) were used.



The EDE-Q was administered as a questionnaire, and the scores for the 4 subscales (Restraint, Eating concern, Shape concern, and Weight concern subscales) as well as the global score, were assessed. The MDI was also administered as a questionnaire, and the total scores were collected. GAF-F was assessed by the primary investigator (JMC) in accordance with the procedure described in DSM-IV [46]. Weight was assessed weekly using a calibrated medical weighing scale by a trained nurse, and BMI was calculated as kg/m2.




2.3. Cognitive Assessments


The CogTrackTM system is an internet-based set of cognitive tests, which assess major aspects of cognition including attention, information processing, reasoning, working and episodic memory [47,48]. For reliability and normative values of the test battery, please refer to Wesnes et al. [49]. The 11 tasks take just over 20 minutes to be performed and are listed in the order in which they were assessed (see Supplementary Material (1.1)). Tasks include assessments of Immediate Word Recall, Pattern Separation (part 1 and 2), Simple Reaction Time, Digit Vigilance, Choice Reaction Time, Spatial Working Memory, Numeric Working Memory, Delayed Word Recall, Word Recognition, and Grammatical Reasoning. Tasks were shown in a standardized form to all participants on a study laptop in a quiet environment. For a detailed description of the tasks, please refer to the Supplementary Material (1.1).



Training effects in cognitive testing have long been established [50,51]; in order to overcome this, both patients and controls were required to perform all CogTrack tests on two occasions on a separate day prior to baseline. This procedure allows patients and controls to familiarize themselves with the cognitive tests in order to establish a valid baseline once they have understood what to expect from the tests. The conditions of the training and the baseline and follow-up sessions are identical, providing follow-up results that are not biased by learning effects. The training data were only recorded but not analyzed.




2.4. Statistical Analyses


Calculation of Composite Scores


Composite outcome scores from the CogTrack tasks were, as previously described, based on the established factor structure of the cognitive tasks [48]. From the three attention tasks, (Simple Reaction Time, Digit Vigilance, and Choice Reaction Time), two composite scores were created: the Attentional Intensity Index, which takes the sum of the three reaction time scores, and the Sustained Attention Index, which combines the three accuracy scores. The Working Memory Capacity Index includes the accuracy scores from the spatial and numeric working memory tasks, and the Episodic Memory Capacity Index merges the accuracy scores from the Pattern Separation, Word Recognition, and immediate and delayed Word Recall tasks, whilst also considering the number of errors. The reaction time scores for Numeric Working Memory, Spatial Working Memory, Word Recognition, and Pattern Separation are combined to create the Speed of Retrieval Index. The Grammatical Reasoning task produces two outcome measures: overall accuracy and overall speed.



All analyses were conducted using the SPSS Version 26. BMI, age, and education were compared between groups using independent samples t-tests. All tests were 2-tailed, with an alpha level of 0.05. For the cross-sectional analysis, ANCOVAs were conducted comparing the two groups at baseline, fitting covariates for age, gender, and education. In case of non-normal distribution of composite scores, ranked ANCOVA [52] was calculated to ensure the validity of the results. For the follow-up analyses, repeated measures ANCOVAs were conducted on composite scores of the patients with AN, comparing the baseline session to the follow-up session prior to discharge, fitting covariates for age, gender, and education. As sample size was low, we also reported effect sizes for the results of the ANCOVAS (partial eta-squared (partial η2). Partial η2 values of 0.01, 0.06, and 0.14 were considered as benchmarks for small, medium, and large effect sizes, respectively [53]. Correlations between cognitive function and various clinical characteristics of the patients were performed using Pearson’s correlation (r) or Spearman’s rank correlations (rho) if the data were not normally distributed.






3. Results


3.1. Sample


The descriptive data in the sample are summarized in Table 1 (for descriptives separated by gender, see Supplementary Material Table S1). Patients had a significantly lower level of education (p < 0.01) which is why education was added as covariateto all group comparisons.




3.2. Cognitive Functioning


There was a significant difference between AN and HV in the Attentional Intensity Index, which reflects the participants’ intensity of concentration, as well as in Grammatical Reasoning overall accuracy, which reflects the ability to accurately reason about statements that may or may not be true (Table 2). Both effects were of medium size (partial η2). There were no significant differences between patients with AN and HV on any of the other cognitive composite measures at baseline (Table 2). For results of group comparisons between the single tasks of the Cogtrack battery, please see Supplementary Material Table S2. Additional analysis investigating ranked ANCOVAS for outcome variables without normal distribution [52] did not result in a change of significance (Supplementary Material Table S3). Further, excluding male participants from the analysis did not change effect sizes in the group comparisons of the Attentional Intensity Index and Grammatical Reasoning Accuracy score (Supplementary Material Table S4). For the subsample of patients with AN providing baseline and follow-up data, results showed no differences in the composite scores between the two time points (Supplementary Material Table S5).



We identified no significant correlations between the composite scores of the cognitive tasks and clinical or psychometric variables (BMI, ED symptoms, illness duration, age of onset) in the AN sample (Supplementary Material Table S6).





4. Discussion


The current study investigating differences in cognitive performance (including attention, information processing, reasoning, working and episodic memory) between AN patients during inpatient or day care and HV using an established cognitive test battery (CogTrack). We found differences between the groups in their ability to concentrate and reason accurately. During the first assessment, individuals diagnosed with AN responded faster in the attention tasks, showing superior concentration and increased accuracy when reasoning about grammatical statements compared to HV. Additionally, cognitive performance in adult patients with AN was at the same level for the other sub-scores of the battery (e.g., sustained attention, episodic and working memory capacity, retrieval speed, and grammatical reasoning reaction time). Performance in the AN sample was not correlated with BMI or duration of the illness. Thus, in spite of using a sensitive test battery assessing core aspects of cognitive function, we could not detect deficits in the assessed domains in this adult AN sample compared to HV. This is even more astonishing, as the duration of the illness and the number of comorbidities indicated that the sample consisted of chronic and severely ill patients. Moreover, increased performance in AN patients on two aspects of cognitive function, namely, concentration (attentional intensity) and reasoning (accuracy), were found. While this is contrary to previous findings suggesting deficits in cognitive functioning (e.g., executive functions such as set-shifting or central coherence) in acute patients with AN [11,54,55], the reported findings are in line with clinical observations of increased perfectionism and overachievement in this population [56], which might even contribute to reduced central coherence and set shifting by using too many resources for one task, instead of allocating them flexibly to other relevant stimuli. The Grammatical Reasoning Accuracy score represents the participants´ ability to reason about statements referred to differing images, which is generally considered an ability linked to problem-solving and concentration and working memory capacities [57,58]. A speculative interpretation might be that the increased accuracy of AN patients in this sub-score could also be linked to increased cognitive processes allocated to problem-solving, which could be related to characteristics such as increased rumination, that is often found in this patient population [59,60]. Both findings contribute to experimental and neural evidence hinting at elevated cognitive control mechanisms in AN patients [61,62,63], as well as increased intelligence quotient (IQ) [64], which might be able to explain the better performance of these patients, despite their illness. Unchanged levels of cognitive functioning in the other subscales (sustained attention, working and episodic memory, speed of retrieval, and speed of grammatical reasoning) resemble the results of previous research that has found no differences between AN patients and HV in cognitive functioning, albeit the use of different computerized cognition tests [18,31,36,37]. The absence of an association between cognitive functioning and BMI and ED symptoms in the examined sample is in line with previous research reporting little or no effect on test performance in patients with AN before and after therapy [65,66,67]. Cognitive performance in this patient sample with enduring AN and a very low BMI, similar to that of HV, is even more astonishing considering the severe atrophic changes found during the acute state [68,69]. Increased or unchanged scores in performance might reflect the brain´s extensive compensatory mechanisms to adapt to extreme conditions. The implications of this may be that treatment regimens could be modified, e.g., that psychotherapy may be initiated when patients are still in an early phases of recovery.



The current study has to be seen in the light of the following limitations. Firstly, only individuals with AN and a BMI of 14 or above where eligible to participate in the study, and thereby, cognitive performance in individuals with a BMI below 14 using the CogTrack tests is unknown. Secondly, due to the long duration of illness in some patients, as well as the high frequency of comorbidities in the examined sample, patients had to be enrolled whenever they were eligible and accepted to undergo cognitive testing, which meant they were at different stages of their treatment program, which might have influenced the results. However, we could not find a correlation between cognitive performance and BMI, which may speak against an impact of BMI (or stage of weight restoration) on the domains of cognitive performance measured in the study. Thirdly, including male participants, as well as not applying pairwise matching for age and education between AN and HV, might have brought some heterogeneity to the study sample that could not be completely addressed by adding these variables as covariates to the analyses. We are aware of these shortcomings and encourage further research with samples matched for the above-mentioned characteristics. Another limitation was the short and heterogeneous time to follow-up for some patients, which again reflected the severity and complexity of this group of patients, who were subjected to sudden changes in their clinical course. This factor may limit the validity of our findings for changes over time and should be explored further. Finally, we acknowledge that there are studies including larger samples of individuals for cognitive testing, and although the sensitivity of the CogTrack reduces variability in factors related to methodology and testing, it is encouraged to increase the sample size.



Despite the mentioned limitations, the possibility to accurately measure core aspects of cognitive function in this population has beenverified. The employment of a computerized cognitive test battery allowed measuring millisecond reaction times, which enabled the capturing of performance trade-offs between speed and accuracy in core measures of attention, vigilance, episodic memory, working memory, and reasoning. Another strength of the study is the use of repeated practice sessions before the baseline measure to manage practice effects for the assessment at the second time point, which otherwise could influence the results and lead to erroneous conclusions [50]. Further, the assessment of cognitive function in general is affected by the use of many different tests to assess single domains of cognitive function as well as of different methodological setups, which, together, make comparisons of the results of different studies very difficult. Applying computerized, standardized, and validated test batteries would enable researchers to better compare differences and results between different studies as well as patient populations or nationalities.




5. Conclusions


The current study finds that the Sustained Attention score and Grammatical Reasoning Accuracy were better in patients with AN, while no differences between AN patients and HV in the other composite scores of the CogTrack test battery were identified. These findings might suggest that behavioral interventions might be initiated already in early phases of treatment of AN. Computerized cognitive assessments have demonstrated to be a well-received and reliable tool for investigating cognition in patients with AN.








Supplementary Materials


The following are available online at https://www.mdpi.com/2072-6643/13/3/859/s1, Material (1.1); Table S1: Descriptive Statistics separated by gender, Table S2: Group comparisons of single tasks scores using analysis of variance with age, education and gender included as covariates (ANCOVA), Table S3: Group comparisons of non-normally distributed composite scores using ranked ANCOVA; Table S4: Group comparisons using analysis of variance with age, education and gender included as covariates (ANCOVA) excluding male participants, Table S5: Longitudinal analyses of BMI using a dependent sample t-test as well as longitudinal analysis of composite scores using analysis of variance with age, education and gender included as covariates (ANCOVA) in the AN sample only, Table S6: Associations between cognitive function and clinical variables.





Author Contributions


Conceptualization, K.W. and M.S. (Magnus Sjögren); methodology, M.S. (Maria Seidel), H.B., K.L.; software, K.W.; validation, M.S. (Maria Seidel) and K.L.; formal analysis, M.S. (Maria Seidel); investigation, K.L. and M.S. (Magnus Sjögren); resources, M.S. (Magnus Sjögren); data curation, M.S. (Maria Seidel), H.B., and K.W.; writing—original draft preparation, M.S. (Maria Seidel); writing—review and editing, H.B., K.L., K.W., M.S. (Magnus Sjögren); visualization, M.S. (Maria Seidel); supervision, K.W., M.S. (Magnus Sjögren); project administration, M.S. (Magnus Sjögren); funding acquisition, M.S. (Magnus Sjögren); All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The PROLED study has been reviewed and approved by the National Committee on Health Research Ethics (Ethical Application Ref: DNVK Journal no: H-15012537) and is conducted in compliance with the Declaration of Helsinki and International Conference on Harmonisation and Good Clinical Practice Guidelines.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data are available for re-analyses per request, and the study is registered in clinical trials.gov: NCT03224091.




Acknowledgments


The authors thank the Psychiatric Center Ballerup, especially departments 3 and 14 and the Daycare unit. In addition, we are grateful for the support of PROLED by the Capitol Region of Denmark, Psychiatry. We are grateful to the late Wesnes, who supplied CogTrack at no cost.




Conflicts of Interest


Maria Seidel, Magnus Sjögren, and Kamilla Lauenborg declare no conflict of interest. The late Keith Wesnes was the founder of Wesnes Cognition and the owner of the CogTrack software. At the time of the study setup and data collection, Helen Brooker was employed at Wesnes Cognition.




References


	



American Psychiatric Association. The American Psychiatric Association Practice Guidelines for the Psychiatric Evaluation of Adults, 3rd ed.; American Psychiatric Association: Philadelphia, PA, USA, 2015; ISBN 978-0-89042-676-0. [Google Scholar]

	



Watson, H.J.; Yilmaz, Z.; Thornton, L.M.; Hübel, C.; Coleman, J.R.; Gaspar, H.A.; Bryois, J.; Hinney, A.; Leppä, V.M.; Mattheisen, M. Genome-Wide Association Study Identifies Eight Risk Loci and Implicates Metabo-Psychiatric Origins for Anorexia Nervosa. Nat. Genet. 2019, 51, 1207–1214. [Google Scholar] [CrossRef] [PubMed]

	



Hudson, J.I.; Hiripi, E.; Pope, H.G., Jr.; Kessler, R.C. The Prevalence and Correlates of Eating Disorders in the National Comorbidity Survey Replication. Biol. Psychiatry 2007, 61, 348–358. [Google Scholar] [CrossRef]

	



Keski-Rahkonen, A.; Mustelin, L. Epidemiology of Eating Disorders in Europe: Prevalence, Incidence, Comorbidity, Course, Consequences, and Risk Factors. Curr. Opin. Psychiatry 2016, 29, 340–345. [Google Scholar] [CrossRef] [PubMed]

	



Zipfel, S.; Giel, K.E.; Bulik, C.M.; Hay, P.; Schmidt, U. Anorexia Nervosa: Aetiology, Assessment, and Treatment. Lancet Psychiatry 2015, 2, 1099–1111. [Google Scholar] [CrossRef]

	



Arcelus, J.; Mitchell, A.J.; 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, 724–731. [Google Scholar] [CrossRef] [PubMed]

	



Chesney, E.; Goodwin, G.M.; Fazel, S. Risks of All-Cause and Suicide Mortality in Mental Disorders: A Meta-Review. World Psychiatry 2014, 13, 153–160. [Google Scholar] [CrossRef] [PubMed]

	



Cuthbert, B.N.; Insel, T.R. Toward the Future of Psychiatric Diagnosis: The Seven Pillars of RDoC. BMC Med. 2013, 11, 126. [Google Scholar] [CrossRef] [PubMed]

	



Martinez, G.; Cook-Darzens, S.; Chaste, P.; Mouren, M.C.; Doyen, C. Anorexia Nervosa in the Light of Neurocognitive Functioning: New Theoretical and Therapeutic Perspectives. L’encephale 2013, 40, 160–167. [Google Scholar] [CrossRef]

	



Smith, K.E.; Mason, T.B.; Johnson, J.S.; Lavender, J.M.; Wonderlich, S.A. A Systematic Review of Reviews of Neurocognitive Functioning in Eating Disorders: The State-of-the-Literature and Future Directions. Int. J. Eat. Disord. 2018, 51, 798–821. [Google Scholar] [CrossRef]

	



Hirst, R.B.; Beard, C.L.; Colby, K.A.; Quittner, Z.; Mills, B.M.; Lavender, J.M. Anorexia Nervosa and Bulimia Nervosa: A Meta-Analysis of Executive Functioning. Neurosci. Biobehav. Rev. 2017, 83, 678–690. [Google Scholar] [CrossRef] [PubMed]

	



Brooks, S.J.; Funk, S.G.; Young, S.Y.; Schioth, H.B. The Role of Working Memory for Cognitive Control in Anorexia Nervosa versus Substance Use Disorder. Front. Psychol. 2017, 8, 1651. [Google Scholar] [CrossRef]

	



Jauregui-Lobera, I. Neuropsychology of Eating Disorders: 1995–2012. Neuropsychiatr. Dis. Treat. 2013, 9, 415–430. [Google Scholar] [CrossRef]

	



Keegan, E.; Tchanturia, K.; Wade, T.D. Central Coherence and Set-Shifting between Nonunderweight Eating Disorders and Anorexia Nervosa: A Systematic Review and Meta-Analysis. Int. J. Eat. Disord. 2020. [Google Scholar] [CrossRef] [PubMed]

	



Allen, K.L.; Byrne, S.M.; Hii, H.; Eekelen, A.; van Mattes, E.; Foster, J.K. Neurocognitive Functioning in Adolescents with Eating Disorders: A Population-Based Study. Cogn. Neuropsychiatry 2013, 18, 355–375. [Google Scholar] [CrossRef] [PubMed]

	



Lang, K.; Stahl, D.; Espie, J.; Treasure, J.; Tchanturia, K. Set Shifting in Children and Adolescents with Anorexia Nervosa: An Exploratory Systematic Review and Meta-Analysis. Int. J. Eat. Disord. 2014, 47, 394–399. [Google Scholar] [CrossRef] [PubMed]

	



Phillipou, A.; Gurvich, C.; Castle, D.J.; Abel, L.A.; Rossell, S.L. Comprehensive Neurocognitive Assessment of Patients with Anorexia Nervosa. World J. Psychiatry 2015, 5, 404–411. [Google Scholar] [CrossRef] [PubMed]

	



Hatch, A.; Madden, S.; Kohn, M.R.; Clarke, S.; Touyz, S.; Gordon, E.; Williams, L.M. In First Presentation Adolescent Anorexia Nervosa, Do Cognitive Markers of Underweight Status Change with Weight Gain Following a Refeeding Intervention? Int. J. Eat. Disord. 2010, 43, 295–306. [Google Scholar] [CrossRef] [PubMed]

	



Gillberg, I.C.; Gillberg, C.; Rastam, M.; Johansson, M. The Cognitive Profile of Anorexia Nervosa: A Comparative Study Including a Community-Based Sample. Compr. Psychiatry 1996, 37, 23–30. [Google Scholar] [CrossRef]

	



Kingston, K.; Szmukler, G.; Andrewes, D.; Tress, B.; Desmond, P. Neuropsychological and Structural Brain Changes in Anorexia Nervosa before and after Refeeding. Psychol. Med. 1996, 26, 15–28. [Google Scholar] [CrossRef] [PubMed]

	



Mathias, J.L.; Kent, P.S. Neuropsychological Consequences of Extreme Weight Loss and Dietary Restriction in Patients with Anorexia Nervosa. J. Clin. Exp. Neuropsychol. 1998, 20, 548–564. [Google Scholar] [CrossRef] [PubMed]

	



Weider, S.; Indredavik, M.S.; Lydersen, S.; Hestad, K. Neuropsychological Function in Patients with Anorexia Nervosa or Bulimia Nervosa. Int. J. Eat. Disord. 2015, 48, 397–405. [Google Scholar] [CrossRef]

	



Westwood, H.; Stahl, D.; Mandy, W.; Tchanturia, K. The Set-Shifting Profiles of Anorexia Nervosa and Autism Spectrum Disorder Using the Wisconsin Card Sorting Test: A Systematic Review and Meta-Analysis. Psychol. Med. 2016, 46, 1809–1827. [Google Scholar] [CrossRef] [PubMed]

	



Stedal, K.; Frampton, I.; Landrø, N.I.; Lask, B. An Examination of the Ravello Profile—A Neuropsychological Test Battery for Anorexia Nervosa. Eur. Eat. Disord. Rev. 2012, 20, 175–181. [Google Scholar] [CrossRef] [PubMed]

	



Sarrar, L.; Ehrlich, S.; Merle, J.V.; Pfeiffer, E.; Lehmkuhl, U.; Schneider, N. Cognitive Flexibility and Agouti-Related Protein in Adolescent Patients with Anorexia Nervosa. Psychoneuroendocrinology 2011, 36, 1396–1406. [Google Scholar] [CrossRef] [PubMed]

	



Telléus, G.K.; Jepsen, J.R.; Bentz, M.; Christiansen, E.; Jensen, S.O.W.; Fagerlund, B.; Thomsen, P.H. Cognitive Profile of Children and Adolescents with Anorexia Nervosa. Eur. Eat. Disord. Rev. 2015, 23, 34–42. [Google Scholar] [CrossRef]

	



Fuglset, T.S. Set-Shifting, Central Coherence and Decision-Making in Individuals Recovered from Anorexia Nervosa: A Systematic Review. J. Eat. Disord. 2019, 7, 22. [Google Scholar] [CrossRef] [PubMed]

	



Kucharska, K.; Kulakowska, D.; Starzomska, M.; Rybakowski, F.; Biernacka, K. The Improvement in Neurocognitive Functioning in Anorexia Nervosa Adolescents throughout the Integrative Model of Psychotherapy Including Cognitive Remediation Therapy. BMC Psychiatry 2019, 19, 15. [Google Scholar] [CrossRef] [PubMed]

	



Miles, S.; Gnatt, I.; Phillipou, A.; Nedeljkovic, M. Cognitive Flexibility in Acute Anorexia Nervosa and after Recovery: A Systematic Review. Clin. Psychol. Rev. 2020, 81, 101905. [Google Scholar] [CrossRef] [PubMed]

	



Hemmingsen, S.D.; Wesselhoeft, R.; Lichtenstein, M.B.; Sjögren, J.M.; Støving, R.K. Cognitive Improvement Following Weight Gain in Patients with Anorexia Nervosa: A Systematic Review. Eur. Eat. Disord. Rev. 2020. [Google Scholar] [CrossRef] [PubMed]

	



Bosanac, P.; Kurlender, S.; Stojanovska, L.; Hallam, K.; Norman, T.; McGrath, C.; Burrows, G.; Wesnes, K.A.; Manktelow, T.; Olver, J. Neuropsychological Study of Underweight and “Weight-Recovered” Anorexia Nervosa Compared with Bulimia Nervosa and Normal Controls. Int. J. Eat. Disord. 2007, 40, 613–621. [Google Scholar] [CrossRef] [PubMed]

	



Moser, D.J.; Benjamin, M.L.; Bayless, J.D.; McDowell, B.D.; Paulsen, J.S.; Bowers, W.A.; Arndt, S.; Andersen, A.E. Neuropsychological Functioning Pretreatment and Posttreatment in an Inpatient Eating Disorders Program. Int. J. Eat. Disord. 2003, 33, 64–70. [Google Scholar] [CrossRef]

	



Cavedini, P.; Bassi, T.; Ubbiali, A.; Casolari, A.; Giordani, S.; Zorzi, C.; Bellodi, L. Neuropsychological Investigation of Decision-Making in Anorexia Nervosa. Psychiatry Res. 2004, 127, 259–266. [Google Scholar] [CrossRef] [PubMed]

	



Bodell, L.P.; Keel, P.K.; Brumm, M.C.; Akubuiro, A.; Caballero, J.; Tranel, D.; Hodis, B.; McCormick, L.M. Longitudinal Examination of Decision-Making Performance in Anorexia Nervosa: Before and after Weight Restoration. J. Psychiatr. Res. 2014, 56, 150–157. [Google Scholar] [CrossRef] [PubMed]

	



Mikos, A.E.; McDowell, B.D.; Moser, D.J.; Bayless, J.D.; Bowers, W.A.; Andersen, A.E.; Paulsen, J.S. Stability of Neuropsychological Performance in Anorexia Nervosa. Ann. Clin. Psychiatry 2008, 20, 9–13. [Google Scholar] [CrossRef] [PubMed]

	



Fowler, L.; Blackwell, A.; Jaffa, A.; Palmer, R.; Robbins, T.W.; Sahakian, B.J.; Dowson, J.H. Profile of Neurocognitive Impairments Associated with Female In-Patients with Anorexia Nervosa. Psychol. Med. 2006, 36, 517–528. [Google Scholar] [CrossRef] [PubMed]

	



Galimberti, E.; Martoni, R.M.; Cavallini, M.C.; Erzegovesi, S.; Bellodi, L. Motor Inhibition and Cognitive Flexibility in Eating Disorder Subtypes. Prog. Neuropsychopharmacol. Biol. Psychiatry 2012, 36, 307–312. [Google Scholar] [CrossRef] [PubMed]

	



Bosanac, P.; Kurlender, S.; Norman, T.; Hallam, K.; Wesnes, K.A.; Manktelow, T.; Burrows, G. An Open-Label Study of Quetiapine in Anorexia Nervosa. Hum. Psychopharmacol. 2007, 22, 223–230. [Google Scholar] [CrossRef] [PubMed]

	



Seed, J.A.; McCue, P.M.; Wesnes, K.A.; Dahabra, S.; Young, A.H. Basal Activity of the HPA Axis and Cognitive Function in Anorexia Nervosa. Int. J. Neuropsychopharmacol. 2002, 5, 17–25. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization. International Statistical Classification of Diseases and Related Health Problems: Instruction Manual; World Health Organization: Geneva, Switzerland, 2004; Volume 2. [Google Scholar]

	



Wing, J.; Nixon, J.; von Cranach, M.; Strauss, A. Further Developments of the “present State Examination” and CATEGO System. Arch. Psychiatr. Nervenkr. (1970) 1977, 224, 151–160. [Google Scholar]

	



Cooper, Z.; Fairburn, C.G. The Eating Disorder Examination: A Semi-Structured Interview for the Assessment of the Specific Psychopathology of Eating Disorders. Int. J. Eat. Disord. 1987, 6, 1–8. [Google Scholar] [CrossRef]

	



Bech, P.; Rasmussen, N.-A.; Olsen, L.R.; Noerholm, V.; Abildgaard, W. The Sensitivity and Specificity of the Major Depression Inventory, Using the Present State Examination as the Index of Diagnostic Validity. J. Affect. Disord. 2001, 66, 159–164. [Google Scholar] [CrossRef]

	



Fairburn, C.G.; Beglin, S.J. Assessment of Eating Disorders: Interview or Self-Report Questionnaire? Int. J. Eat. Disord. 1994, 16, 363–370. [Google Scholar]

	



Aas, I.M. Global Assessment of Functioning (GAF): Properties and Frontier of Current Knowledge. Ann. Gen. Psychiatry 2010, 9, 20. [Google Scholar] [CrossRef] [PubMed]

	



American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 4th ed.; American Psychiatric Association: Washington, DC, USA, 1994. [Google Scholar]

	



Wesnes, K.A.; Brooker, H.; Ballard, C.; McCambridge, L.; Stenton, R.; Corbett, A. Utility, Reliability, Sensitivity and Validity of an Online Test System Designed to Monitor Changes in Cognitive Function in Clinical Trials. Int. J. Geriatr. Psychiatry 2017, 32, e83–e92. [Google Scholar] [CrossRef] [PubMed]

	



Wesnes, K.A.; Brooker, H.; Watson, A.W.; Bal, W.; Okello, E. Effects of the Red Bull Energy Drink on Cognitive Function and Mood in Healthy Young Volunteers. J. Psychopharmacol. 2017, 31, 211–221. [Google Scholar] [CrossRef] [PubMed]

	



Wesnes, K.A.; McNamara, C.; Annas, P. Norms for Healthy Adults Aged 18–87 Years for the Cognitive Drug Research System: An Automated Set of Tests of Attention, Information Processing and Memory for Use in Clinical Trials. J. Psychopharmacol. 2016, 30, 263–272. [Google Scholar] [CrossRef] [PubMed]

	



Goldberg, T.E.; Harvey, P.D.; Wesnes, K.A.; Snyder, P.J.; Schneider, L.S. Practice Effects Due to Serial Cognitive Assessment: Implications for Preclinical Alzheimer’s Disease Randomized Controlled Trials. Alzheimers Dement 2015, 1, 103–111. [Google Scholar] [CrossRef]

	



Wesnes, K.A.; Pincock, C. Practice Effects on Cognitive Tasks: A Major Problem? Lancet Neurol. 2002, 1, 473. [Google Scholar] [CrossRef]

	



Quade, D. Rank Analysis of Covariance. J. Am. Stat. Assoc. 1967, 62, 1187–1200. [Google Scholar] [CrossRef]

	



Cohen, J. Statistical Power Analysis for the Behavioral Sciences; 2nd ed. reprint; Routlege: New York, NY, USA, 1988. [Google Scholar]

	



Danner, U.N.; Sanders, N.; Smeets, P.A.M.; van Meer, F.; Adan, R.A.H.; Hoek, H.W.; van Elburg, A.A. Neuropsychological Weaknesses in Anorexia Nervosa: Set-Shifting, Central Coherence, and Decision Making in Currently Ill and Recovered Women. Int. J. Eat. Disord. 2012, 45, 685–694. [Google Scholar] [CrossRef]

	



Lozano-Serra, E.; Andres-Perpina, S.; Lazaro-Garcia, L.; Castro-Fornieles, J. Adolescent Anorexia Nervosa: Cognitive Performance after Weight Recovery. J. Psychosom. Res. 2014, 76, 6–11. [Google Scholar] [CrossRef] [PubMed]

	



Bardone-Cone, A.M. Self-Oriented and Socially Prescribed Perfectionism Dimensions and Their Associations with Disordered Eating. Behav. Res. Ther. 2007, 45, 1977–1986. [Google Scholar] [CrossRef]

	



Süß, H.-M.; Oberauer, K.; Wittmann, W.W.; Wilhelm, O.; Schulze, R. Working-Memory Capacity Explains Reasoning Ability—and a Little Bit More. Intelligence 2002, 30, 261–288. [Google Scholar] [CrossRef]

	



Wilhelm, O.; Engle, R.W.; Engle, R.W. Handbook of Understanding and Measuring Intelligence; SAGE: New York, NY, USA, 2005; ISBN 978-0-7619-2887-4. [Google Scholar]

	



Seidel, M.; Petermann, J.; Diestel, S.; Ritschel, F.; Boehm, I.; King, J.A.; Geisler, D.; Bernardoni, F.; Roessner, V.; Goschke, T.; et al. A Naturalistic Examination of Negative Affect and Disorder-Related Rumination in Anorexia Nervosa. Eur. Child. Adolesc. Psychiatry 2016, 25, 1207–1216. [Google Scholar] [CrossRef] [PubMed]

	



Startup, H.; Lavender, A.; Oldershaw, A.; Stott, R.; Tchanturia, K.; Treasure, J.; Schmidt, U. Worry and Rumination in Anorexia Nervosa. Behav. Cogn. Psychother. 2013, 41, 301–316. [Google Scholar] [CrossRef] [PubMed]

	



Ehrlich, S.; Geisler, D.; Ritschel, F.; King, J.A.; Seidel, M.; Boehm, I.; Breier, M.; Clas, S.; Weiss, J.; Marxen, M.; et al. Elevated Cognitive Control over Reward Processing in Recovered Female Patients with Anorexia Nervosa. J. Psychiatry Neurosci. 2015, 40, 307. [Google Scholar] [CrossRef] [PubMed]

	



King, J.A.; Korb, F.M.; Vettermann, R.; Ritschel, F.; Egner, T.; Ehrlich, S. Cognitive Overcontrol as a Trait Marker in Anorexia Nervosa? Aberrant Task- and Response-Set Switching in Remitted Patients. J. Abnorm. Psychol. 2019, 128, 806–812. [Google Scholar] [CrossRef] [PubMed]

	



Bühren, K.; Mainz, V.; Herpertz-Dahlmann, B.; Schäfer, K.; Kahraman-Lanzerath, B.; Lente, C.; Konrad, K. Cognitive Flexibility in Juvenile Anorexia Nervosa Patients before and after Weight Recovery. J. Neural. Transm. 2012, 119, 1047–1057. [Google Scholar] [CrossRef]

	



Lopez, C.; Stahl, D.; Tchanturia, K. Estimated Intelligence Quotient in Anorexia Nervosa: A Systematic Review and Meta-Analysis of the Literature. Ann. Gen. Psychiatry 2010, 9, 40. [Google Scholar] [CrossRef] [PubMed]

	



Green, M.W.; Elliman, N.A.; Wakeling, A.; Rogers, P.J. Cognitive Functioning, Weight Change and Therapy in Anorexia Nervosa. J. Psychiatr. Res. 1996, 30, 401–410. [Google Scholar] [CrossRef]

	



Tchanturia, K.; Morris, R.G.; Anderluh, M.B.; Collier, D.A.; Nikolaou, V.; Treasure, J. Set Shifting in Anorexia Nervosa: An Examination before and after Weight Gain, in Full Recovery and Relationship to Childhood and Adult OCPD Traits. J. Psychiatr. Res. 2004, 38, 545–552. [Google Scholar] [CrossRef] [PubMed]

	



Nikendei, C.; Funiok, C.; Pfüller, U.; Zastrow, A.; Aschenbrenner, S.; Weisbrod, M.; Herzog, W.; Friederich, H.-C. Memory Performance in Acute and Weight-Restored Anorexia Nervosa Patients. Psychol. Med. 2011, 41, 829–838. [Google Scholar] [CrossRef] [PubMed]

	



King, J.A.; Geisler, D.; Ritschel, F.; Boehm, I.; Seidel, M.; Roschinski, B.; Soltwedel, L.; Zwipp, J.; Pfuhl, G.; Marxen, M.; et al. Global Cortical Thinning in Acute Anorexia Nervosa Normalizes Following Long-Term Weight Restoration. Biol. Psychiatry 2015, 77, 624–632. [Google Scholar] [CrossRef] [PubMed]

	



Seitz, J.; Herpertz-Dahlmann, B.; Konrad, K. Brain Morphological Changes in Adolescent and Adult Patients with Anorexia Nervosa. J. Neural Transm. 2016. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. Result of independent samples t-test comparing descriptive statistics between patients with AN at baseline and HV.
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Descriptive Statistics




	

	
AN (N = 26)

	
HV (N = 36)

	

	

	




	

	
Mean

	
SD

	
Mean

	
SD

	
t

	
p






	
Age

	
28.62

	
9.70

	
25.42

	
3.42

	
1.61

	
>0.05




	
BMI

	
17.31

	
1.89

	
23.14

	
2.9

	
−8.92

	
<0.001




	
Age of onset

	
22.72

	
7.69

	

	

	

	




	
Duration of Illness

	
9.19

	
5.35

	

	

	

	




	
EDE-Q

	
3.08

	
1.60

	
0.86

	
0.95

	
6.31

	
<0.001




	
GAF

	
46.00

	
12.34

	
99.46

	
2.83

	
−20.34

	
<0.001




	
Education

	
4.08

	
0.27

	
5.28

	
1.39

	
−2.83

	
<0.01








AN = anorexia nervosa; HV = healthy volunteer; SD = standard deviation; BMI = body mass index (calculated as kg/m2). Duration of illness is given in years and defines the period from the first episode to the research date; EDE-Q = Eating Disorder Examination Questionnaire version; GAF = Global Functioning; Education is rated 1 (lowest) to 7 (highest).
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Table 2. Results of ANCOVA, adjusting for age, education, and gender, comparing results of composite scores between patients with AN at baseline and HV, displaying mean, standard deviation, p-values, and effect sizes. Significant differences were highlighted in bold.
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Group Comparisons of Composite Scores




	
Composite Scores

	
HV

(n = 36)

	
SD

	
AN

(n = 26)

	
SD

	
p

	
η2






	
Attentional Intensity Index

	
1241.50

	
119.15

	
1203.60

	
136.58

	
0.040

	
0.07




	
Sustained Attention Index

	
90.56

	
4.72

	
91.21

	
5.84

	
0.119

	
0.04




	
Quality of Memory

	
364.55

	
71.29

	
360.75

	
64.29

	
0.581

	
0.00




	
Working Memory Capacity Index

	
92.37

	
5.96

	
91.56

	
6.71

	
0625

	
0.00




	
Episodic Memory Capacity Index

	
152.42

	
52.76

	
154.39

	
40.55

	
0.679

	
0.00




	
Speed of Retrieval Index

	
2359.02

	
360.74

	
2485.94

	
296.28

	
0.340

	
0.02




	
Grammatical Reasoning Overall Accuracy

	
83.42

	
15.07

	
90.27

	
9.65

	
0.025

	
0.09




	
Grammatical Reasoning Overall Speed

	
2845.38

	
922.09

	
2677.64

	
649.47

	
0.225

	
0.03








η2 = partial eta squared.
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