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Summary
In the first part of the article the authors present a set of the actual concepts explaining problems of cognitive functions and social cognition currently observed in patients with anorexia
nervosa (AN). It is possible; through the neuroimaging research, to get better understanding
of the brain specifics in these individuals. Even though, the AN remains a disease with very
complex and multifactorial etiology which remains a huge medical challenge. Currently,
popular is the view that takes into consideration the integrating role of the insula and subcortical structures (such as hippocampus, amygdala, thalamus) in the regulation of cognitive and
emotional processes in people suffering from AN. There is still an open problem, however,
of the selection of therapeutic interventions targeting these deficits. The second part of the
article presents the attempt to describe deficits in neurocognitive and social cognition in people with AN occurring prior to illness, during and after the recovery. Particular attention has
been paid to the most frequently described in the literature – neurocognitive deficits such as
rigidity of thinking, weak central coherence, and deficits in social cognition, including mental
processes of perception and expression of emotions, disorders of the theory of mind (ToM )
and empathy. The results of previous studies, their scarcity in Poland, do not give a satisfactory
answer to the question whether the above mentioned disorders are a feature of endophenotype
or condition in an episode of the disease. Research point to the more permanent nature, which
may be more resistant to therapeutic modifications.
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Introduction
In the last decade there has been a significant increase in the amount of research
focused on the assessment of neurocognitive and social cognitive deficits in anorexia nervosa (AN). Observed neurocognitive deficits relate primarily to disturbances

466

Dorota Kułakowska et al.

in the way of thinking and impaired central coherence (the inability to merge the information and excessive focus on details).
Deficits in social cognition relate to impaired perception and emotional expression, reduced ability to interact and predict the intentions of others, which basically
covers the theory of mind (ToM). These disorders may be present before the diagnosis
of the disease, during the illness and in the recovery period [1-3]. It is still not clear
whether they occur in all cases if AN, and what is their neurobiological substrate.
Some of the authors have not confirmed the occurrence of neurocognitive deficits [4,
5] and social cognition in AN [6, 7], although the vast majority of research indicate
their presence and persistence despite remission of symptoms and normalization
of body weight. The argument indication that neurocognitive deficits are characteristic – is their stability during the illness [1] and the presence in a family, for example in healthy sisters of patients with AN [8, 9]. In addition, people suffering from
refractory chronic form of the disease, characterized by the severity of the analytical
cognitive style along with social difficulties, emotional and weakening of the global
information integration [2].
Models accounting for aetiopathogenesis of the neurocognitive
and social cognitive deficits
It was suggested that people suffering from eating disorders display a ‘significant
inability to understand emotions’ as well as show neurocognitive deficits. Explanations of the above mentioned state were searched for in neurobiological models:
neurodevelopmental, hormonal, genetic, neurotransmitter and psychological [10].
To date there existed a dominating preconception of environmental conditioning
in anorexia nervosa [11] whereas neurobiological mechanisms are still inadequately
researched and remain a source of many controversies. Disorders of neurobiological
nature underlie the neuropsychological deficits, which are considered to be the factors
increasing susceptibility of developing anorexia nervosa [12] and a permanent feature
independent of the severity of the disease [13].
Recently, a significant role in regulating spheres of hunger and satiety is attributed
to the insula [14]. The functions of the insula in anorexia nervosa play a crucial role
in a close localization of the areas regulating emotions and it seems that they play
a vital role with regard to the perception of taste, regulation of the digestive processes,
appetite and eating. Moreover, connection of the insula with the somatosensory cortex
improves the processes related to monitoring individual body state as well as its subjective perception. Furthermore, it is connected with a perceivable degree of experiencing pain, disgust and distaste. In the studies with the use of a functional magnetic
resonance (fMRI) a smaller neural activity of the insula was observed among people
suffering from anorexia nervosa in comparison to the control group [15] as well as
atypical activity of this area during performance of cognitive tasks [12].
In the case of anorexia nervosa there was found a higher volume of neural tissue in the areas of the brain responsible for the perception of tastes and food control
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in comparison to healthy peers. It is believed that a larger volume of these structures
may be responsible for the fact that patients with anorexia nervosa avoid eating and are
able to starve themselves. Differences among healthy persons and patients with anorexia nervosa were attributed to the size of the grey and white matter. The structure
of the brain as well as the integrity of the white matter (diffusion tensor imaging
DTI) among teenage patients diagnosed with anorexia nervosa was evaluated using
magnetic resonance imaging (MRI) [10]. The study showed that girls with anorexia
nervosa had a larger volume of grey matter in the areas responsible for the perception
of taste (the right part of the insula) regulating satiety and nutrition (left orbitofrontal
cortex associated with information about the taste and smell of food and the cortex
of both temporal lobes). The study confirmed a greater volume of the white matter
in the temporal lobes and the changes in its organization in different areas of the brain
(including the temporal lobes, the vault and the parietal lobe) in the group of the girls
with anorexia nervosa in comparison to healthy subjects. In addition, the increased
volume of grey matter in the orbitofrontal cortex was associated with a lack of perceived pleasure of sweet taste. The results obtained among adults with anorexia
nervosa confirmed a higher volume of these areas, i.e. insula, and the orbitofrontal
cortex regardless of their age.
From the neurobiological perspective the changes occurring in the brain of patients
may predispose to the occurrence of eating disorders as well as associate with their
maintenance [10]. In anorexia nervosa the differences in volume and activity of the insula – especially its right part – may be responsible for incorrect processing of tastes
and a distorted perception of one’s own body. As a result, people with anorexia nervosa
are characterized by a distorted body image and recognize overweight in a situation
of a distinctive underweight. In the group of patients with anorexia nervosa increased
volumes of orbitofrontal cortex areas responsible for regulating satiety may be associated with the avoidance of food, and even if patients do reach for food they satisfy
the feeling of satiety faster and eat less than healthy people.
McAdams and Krawczyk [16] in their study using functional magnetic resonance
described reduced BOLD activity in the network of cognitive functions among anorexia nervosa patients in remission in comparison with the control group. The authors
reported statistically significant intergroup differences in the activity of the right
temporo-occipital junction. However, there were no differences between the two groups
in the areas of activities related to spatial perception.
The proposed cognitive models point to the existence of deficits in the ability to
change the cognitive approach – as a factor supporting the symptoms [17-19]. In addition, theoretical models show the relationship between the cognitive approach and
intensification of obsessive – compulsive behaviors, beliefs connected with perfectionistic behavior [20-22]. Another factor explaining anorexia nervosa from the cognitive
perspective [23] is a transdiagnostic model of eating disorders (TPB). In transdiagnostic
models emphasis is placed on the overimportance ascribed to eating, body weight
and body shape. Many people with eating disorders are not able to tolerate the perceived emotional states – anxiety, sadness, anger, therefore, they are managing with
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the above mentioned problems through strategies involving vomiting and restrictive
diets [24]. The models assume that the main function of the symptoms of the illness
is the control of emotions and eventually their avoidance. In this model, the primary
avoidance is associated with suppression of emotions and eating limitations.
Researchers from the Department of Child and Adolescent Psychiatry in IPiN [25]
described four types of personalities found in anorexia nervosa subgroups: the personality perfectionistic-dependent, with a narcissistic personality with resistance;
avoids personality and the personality of a well-functioning. Their findings show
the relationship of personality to the overall functioning before illness and during her
lifetime, with the severity of depressive symptoms, anxiety, OCD including symptoms
and the course of treatment.
Etiological model of the formation of the above-mentioned deficits is explained
in the view of neurodevelopmental processes. Anorexia nervosa is a disease with
a complex, multifactorial aetiology, representing a large medical problem. According
to the neurodevelopmental assumptions concept of abnormal development of the brain
(mainly in the area of the insula) strongly associated with a genetic predisposition
occurs in utero. Disorders of the regulatory mechanisms of brain neurotransmitters
[26], the stress axis dysfunction and undergoing psychosocial stress (trauma) during
childhood are conducive to the prospective vulnerability to developing anorexia nervosa. Brewerton et al. [27] excluded the impact of maternal diet during pregnancy on
the dysfunctional development of CUN.
‘Emotional awareness’ develops as a result of complex neurodevelopmental processes and is a derivative of emotional and cognitive development. It is also the result
of disturbances occurring during the processing and integration of cognitive schemes
used to the development of complex emotional information [23]. So in the case
of anorexia nervosa disruption may occur in ‘emotional awareness’ of what other
people might feel.
Similarity of disorders in anorexia nervosa and autism spectrum has become
a subject of growing interest of researchers in three main areas: a) the executive
dysfunction, impaired cognitive flexibility (set shifting), b) weak central coherence,
which is manifested by excessive attention to detail along with an impaired processing
of global information, c) social dysfunction with particular attention to the difficulties
in emotional empathy and theory of the mind (ToM). Genetic, neuroendocrinologic,
neuroimaging and pharmacological studies suggest that dysfunctions of two nonapeptides in biological pathways – arginine vasopressin and oxytocin can affect social
cognition disorders in humans and predispose to the occurrence of certain neuropsychiatric disorders, especially in the spectrum of autism.
Phenotypic traits, more fundamental than clinical recognition (recognition
of emotions, understanding intentions of other people), may constitute the so called
endophenotypes allowing the disclosure of a complex genetic architecture of psychiatric disorders. Variations with respect to the genes for the regulatory pathways AVP /
OXT may cause different areas of functioning in social cognition and neurocognition
in both groups of patients and/or in the control group.
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Neurocognitive deficits
Neurocognition comprises of the following processes: memory, attention, visuospatial functions and broadly understood executive functions. Neurocognitive Deficits
occurring in anorexia nervosa relate primarily to the switching pattern of cognitive
disorders (mental), reduced mental flexibility [28], and set-shifting which may lead to
the secondary problems developed beliefs change stiffness in thinking, i.e. switching
impaired mental operations in response to changes in the environment [29]. According to the research [28, 29, 30, 31] cognitive functioning in AN becomes lowered
and rigid. It can be concluded that the characteristic of the people of AN (especially
the type of restriction) cognitive style is the result of deficits in executive functions.
Research confirm that described deficits in patients with AN, exhibit abnormal
switching scheme [8, 9], as well as persistent cognitive rigidity [1]. One of the reasons
behind the impairment of the ability of effective attention shifting between the tasks is
a tendency to perseveration of the previously existing rules [32]. In addition, studies on
patients with AN confirmed existing difficulties of central coherence associated with
reduced global integration of information at an excessive concentration on details [33,
34], which significantly impedes cognitive functioning of patients.
On the basis of the conducted research on women with AN compared to their
healthy female siblings and a control group of healthy volunteers, a conclusion has
been taken that behavior pattern switching disorders [8, 9] are present among the patients and their siblings which is consistent with neurobiological models: genetic and
neurodevelopmental.
Concentration on detail in cognitive style may be perceived as an impaired ability to process information from multiple sources and finding the relationship between
them [33]; for example a patient can not perceive a meal in a broader perspective
of recovery and focuses specifically on the analysis of its composition and calories.
Lopez et al. [33] comply with the statement that AN patients have difficulties with
global integration of information. Harrison et al. [35] claim that difficulties in this
sphere were noticed only amongst patients in the acute phase of the illness. In turn,
Roberts et al. [9] described that people with AN mainly experience an excessive focus
on detail, which is also visible in the results of the patient’s sane female siblings. This
tendency may be connected to an excessive perfectionism, which is often present
amongst the typical features of AN patients.
The moment of appearance of the deficit (i.e. before, on the beginning and during the illness), deficit stability (regardless the clinical state of the patient) and its
sustainability (its presence during the recuperation period and after the full recovery) remain controversial. The literature of subject does not give a definite answer
concerning the character of the impairment of the behavior pattern switching [29].
Neurocognitive Deficits in AN may be predisposing factors for developing AN, intensified with weight loss and disease duration [36], although persisting in patients
with AN, compared with the control group [1], regardless of normalize BMI and
symptomatic remission.
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Social cognitive deficits
Social cognition is an ability to create mental representations of relations existing
among people and using this ability in order to function effectively in the society as
well as correct utilization of non-verbal signals in communication, e.g. mimics, gestures and tone of voice. People with anorexia nervosa have difficulty with emotional
expressiveness, consequently they avoid situations in which expression of emotional
states is required [37, 38, 39, 40]. The substantial body of literature on emotional
processes proved that women with anorexia nervosa unreasonably block expression
of the affect. Suppression of such emotions aims at a pursuit of maintaining positive,
peaceable relations. Among anorexia nervosa patients an excessive emotional expression associated with a conviction that the experienced emotions would have unpleasant consequences [38]. Other researches proved that anorexia nervosa patients also
attempt to suppress experiences of positive emotions [39]. Larger number of anorexia
nervosa symptoms such as starving, concern for body shape and weight is connected
with a high level of emotional suppression [40]. It was proven that anorexia nervosa
patients can suffer from alexithymia coexisting with a lowered ability to read facial
emotions [37].
Examples of social cognition difficulties observed among anorexia nervosa patients are as follows: inability to recognize the convictions and intentions of other
people, i.e. deficits in the theory of mind, lack of compatibility of empirical response and the power of emotional expression, i.e. emotional expression disorders
[41] as well as emotional perception disorders, i.e. impaired accuracy in guessing
the emotions on the basis of voice and interpretation of mimic signals [42, 43]. The
above mentioned deficits may be the cause of limited emotional conscience (metaemotions) [44].
Emotional perception
Difficulties in identification of one’s own and other people emotions may be
the reason of problems in social interaction. The research points to emotional recognition deficits in the visual (facial) and auditory modality (emotion prosody) as typical
for schizophrenia people in comparison to the group of sane participants [42, 43].
Those difficulties concern smaller precision in positive emotions recognition, such as
happiness or surprise as well as negative emotions, such as anger, disgust, fear and
sadness. People with anorexia nervosa provided answers after longer time than the sane
participants [44]. What is more, they more often wrongly interpreted facial sadness
when, in reality, a different emotion was expressed [45] which could be connected
with a depressive mood dominant among the ill. Inability to perceive emotions may
be connected with a domination of analytical thinking over the synthetic one, which
can disrupt the complex process of emotional signal processing [46]. Nevertheless,
the mechanism lying at the basis of the above mentioned deficits and the factors modifying them are still the subject of hypothesis.
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Emotional expression
Emotions experienced by other people are inferred from their external manifestations, which facilitate social interactions constituting a specific code of communication.
The key element of a coordinated means of emotional expression is mimics, which,
during a conversation, can serve as an activator of benefits, on the other hand, being
an unfavorable factor while emotional reaction is lacking (a reversed possibility is also
taken into consideration). When the verbal message and the non-verbal expression are
contradictory dysfunctions in emotional reactions can appear [47].
People with anorexia nervosa experience considerable difficulties in the emotional
sphere and they attempt to eliminate the element of emotional expression as difficult and
unpleasant in social interactions. Poorer emotional expression was expressed by anorexia
nervosa patients in comparison with the control group and recovered patients which is
confirmed by the research focusing on the fact that patients with anorexia nervosa show
smaller accuracy in anger perception and they use avoidance as the means of diminishing
the emotional states [48]. It is most probable that the patients who are concerned about
unpleasant consequences do not accept the possibility of manifesting negative emotions
[49]. Additionally, there was observed a correlation between the depressive symptoms
and limitation of positive emotional expression among anorexia nervosa patients.
Theory of the mind
Theory of the mind, which is responsible for establishing multidimensional social
interactions, is described as an ability to infer about the mental states of other people
[1]. The research proves that efficiency of the theory of the mind in performing tasks
can improve within age, nevertheless, it is not clear whether it also develops in childhood. When during a research the sane people are trying to draw conclusions about
other peoples’ mental states the neuroimaging data point to the activity in the frontal
and temporal areas [50] which is compatible with the observations by Brownell et
al. [51] who noticed that the acquired injury of the frontal lobes in the non-dominant
hemisphere can cause impairment of the earlier correctly functioning theory of the
mind processes.
In their research Russell et al. [52] proved that female patients with anorexia nervosa experience difficulties in the tasks requiring the theory of the mind [53], what
is more, they are characterized by a limited ability to understand humour and joke
conventions and possess impaired ability to recognize complex emotional mental
states on the basis of eye expression. The above mentioned deficits are comparable to
the disorders in the spectrum of autism.
Conclusions
Over the last decade, there is a growing interest amongst researchers in the area
of social cognition and neurocognition in etiology and treatment of eating disorders.
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However, results are inconclusive and still remain an open question whether the observed deficits in these areas are more the cause or result of the disease. Majority
of research confirms presence of neuropsychological deficits in AN, both in terms
of neurocognition and social cognition. Particular attention has been paid to the most
frequently described in the literature – neurocognitive deficits such as rigid thinking,
weak central coherence with attention to details, and deficits in social cognition, including emotional perception and expression, the theory of mind (ToM), and empathy.
Researchers incline the hypothesis stating that deficits are more trait-related and
remain persistent and stable irrespective of the severity and chronic nature of the
disease.
Undoubtedly, both etiology and dynamics of the described deficits remain unclear
therefore treatment appears challenging indeed.
Currently, the highly specialized programs aimed at therapy of disordered neurocognition and social cognition appear very promising in view of increasing effectiveness
of symptoms treatment (including pharmacotherapy and psychotherapy) via impact
on emotional and social domains as well as disordered thinking style in AN.
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