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Abstract

Purpose of Review: Social and environmental factors have been related to both symptom 

expression of disordered eating in individuals as well as changes in the prevalence of eating 

disorders (EDs) in populations. Neural differences in processing social information may contribute 

to EDs. This review assesses the evidence for aberrant neural responses during social processing in 

EDs.

Recent Findings: This review examines how constructs within the social processing domain 

have been evaluated by neuroimaging paradigms in EDs, including communication, affiliation, and 

understanding of both oneself and others.

Summary: Differences related to social processing in EDs include altered processing for self-

relevant stimuli, in the context of identity, valence, expectations and affiliative relationships. 

Future work is needed to integrate how differences in processing social stimuli relate to alterations 

in cognitive control and reward as well as specific disordered eating symptoms.
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Introduction

Eating disorders (ED) are serious mental illnesses that include altered behaviors and 

cognitions surrounding eating. The key behaviors can include: restriction of food intake, 

compensatory behaviors to remove food from one’s body, and binge-eating episodes 

including eating excessively and with loss of control over eating. Cognitive issues defining 

of EDs include both preoccupations and ruminations about body-image, food, and eating, 
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often in conjunction with shame and guilt. When EDs are treated, acute improvements in 

both cognitions and behaviors are observed [1]. However, EDs have a high relapse rate, with 

more than half of patients with anorexia nervosa (AN) and bulimia nervosa (BN) showing 

persistence of symptoms even after treatment [2, 3]. Nevertheless, EDs do resolve over 

time, with approximately thirty percent of individuals with AN and nearly seventy percent 

for BN no longer meeting disorder criteria nine years later [4]. A better understanding of 

the processes that enable sustained recovery might shorten the course of illness, inform 

prevention efforts, and improve targets in therapeutic treatments.

Eating disorders typically begin during adolescence [5], a developmental period 

characterized by socio-emotional development and reorientation towards peers. Self-esteem 

as well as socializing problems are related to ED symptoms [6]. Social stressors are 

often reported as coinciding with ED symptom onset. One of the more common stressors 

reported is bullying about shape/weight/appearance [7, 8]. Changes in social environment 

can change disordered eating behaviors. For example, the introduction of cable-television 

to Fiji resulted in an immediate increase in exposure to Western culture and values through 

television programs. Before this exposure, none of the adolescent women surveyed reported 

inducing vomiting to control weight, but three years later 11% of a similar cohort endorsed 

this behavior [9]. Interviews with Fijian adolescents suggested body image concerns and 

disordered eating were associated with experiencing increased social pressures from a 

changing society [10].

Difficulties in the social domain play key roles as maintenance factors in a number 

of models of ED development/maintenance e.g., Transdiagnostic Cognitive Behavioral 

Model [11, 12], Cognitive Interpersonal Maintenance Model [13, 14], and Interpersonal 

Psychotherapy - Eating Disorders [15]. In all, interpersonal difficulties, deficits in 

social cognition, negative evaluations by others, and avoidance of social interactions are 

highlighted as factors contributing to the development and maintenance of EDs.

In the last two decades, neuroimaging research has improved our understanding of the neural 

circuitry engaged when people process social information [16–18]. Adolescence and young 

adulthood are an especially critical period for neurodevelopment of a stable sense of identity 

and positive self-esteem [19, 20]. Understanding how the social problems observed in EDs 

are related to brain development may help clarify psychopathological mechanisms in EDs 

and inform prevention and treatment of EDs. This review considers the state of evidence 

for aberrant processing of social information in EDs, identifying promising approaches for 

future attention.

Conceptualization of Social Dimensions

Social processing is one of the six domains within the Research Domain organizational 

Criteria (RDoC) created to organize experimental research on the brain by the National 

Institute of Mental Health. Four constructs lie within the Social Processes Domain. The 

Social Communication construct (Communication) refers to the dynamic interplay of 

interactions between individuals that includes facial and non-facial communication. The 

Affiliation and Attachment construct (Affiliation) considers how positive social interactions 

lead to increased approach motivation and the development of deeper social bonds. 
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The Perception and Understanding of Self construct (Self) includes both agency and self-

knowledge as related to interpreting one’s own cognitive, emotional, and physical state and 

attributes. The Perception and Understanding of Others construct (Other) assesses how an 

individual evaluates the cognitive/emotional states, behaviors and traits in other people.

Social processing is dynamic, emerging as interactions between oneself, others, and 

environment lead to internalization of beliefs about oneself, other people and one’s social 

network (Figure 1). Individuals develop a sense of identity that is influenced both by their 

real-world interactions and abstracted knowledge. For example, when considering the word 

“family”, a person has stored information from both their own experiences of spending 

time with real-world family members and knowledge about what families are like from 

books, television, and discussions about families with peers. These two conceptualizations 

of ‘family’ are merged and set up beliefs and expectations about families and how people in 

given roles should behave towards each other. These beliefs about family may then change 

how a person interacts with people labeled as such, altering in-the-moment behavioral 

interactions. People often change their behaviors based on whether interactions are with 

people who share a common group identity with them [21].

Further increasing the complexity of this domain, social stimuli and their resulting responses 

depend upon information obtained and processed at many different levels within our 

brain. At the sensory level, the visual and auditory cortices prioritize signals related to 

communication, such as faces and language [22–24]. Thus, neural processing of social 

information integrates in-the-moment responses to sensory stimuli, in relation to both an 

individual’s current affective state, and their beliefs about self and world. The primary tool 

deployed is functional magnetic resonance imaging (fMRI), a technique that measures blood 

oxygenation level dependent (BOLD) signals in the brain, a proxy for changes in neural 

activity. Social processing fMRI paradigms connect changes in neural activations to events 

the participant is experiencing within that paradigm, allowing inferences about the function 

of neural regions to be connected to behaviors and cognitions within a well-controlled task 

paradigm.

Many different cortical and subcortical regions (Figure 1, right) have been identified in 

reviews of social processing paradigms in healthy people [16–19], including areas in the 

default mode network (blue), salience network (yellow), and subcortical nuclei (green). 

A separate type of fMRI study, resting state, defines neural networks by identifying 

neural regions that are activated and deactivated simultaneously [25]. The two neural 

networks most prominent in studies with social paradigms, are the default mode network, 

commonly engaged by self-directed introspection [26], and the salience network, associated 

with complex decision-making [27]. Subcortical regions associated with fear, reward, and 

memory can also be activated during social paradigms. An additional level of inference is 

added when connecting psychopathology to brain differences. Most commonly, a cohort 

with psychopathology is associated with reduced or heightened activation of regions in 

response to the same events within a paradigm, suggesting a different internal experience. 

Neural differences during these tasks may also be related to clinical, psychological, or 

behavioral assessments. This review considers the evidence for altered neural processing of 

social stimuli in EDs, focusing on cognitive neuroimaging paradigms.
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Methods

We evaluated existing neuroimaging studies in EDs in relation to the organizing constructs 

of the RDoC Social Domain. Articles were initially identified with a PubMed search (July 

2022) with the following terms: “neuroimaging” or “fMRI”; “social”; with the additional 

terms of “anorexia nervosa” (103 articles) or “bulimia nervosa” (22) or “binge-eating 

disorder” (85). Abstracts were screened to identify case-control fMRI studies with both 

an ED and healthy comparison group. The remaining articles (39 for AN; 9 for BN; 23 for 

BED) were then reviewed to determine if the paradigm related to the four RDoC constructs 

(Communication, Affiliation, Self, Other). Similar paradigms were grouped: Social/Non-

Social Stimuli, Facial Emotion, Emotional Self-Regulation, Appraisals, Self/Other Stimuli, 

and Interactions.

Results

Interpreting Social & Non-Social Stimuli

The earliest studies in social processing in EDs compared social to non-social stimuli; 

this paradigm probes both the Communication and Other constructs. One paradigm, Social 

Attributions, involves watching short videos of moving geometric shapes that move either as 

if they are people interacting or as inanimate objects bumping into each other. Neurotypical 

people demonstrate pronounced differences in modulation of many regions including medial 

prefrontal cortex (MPFC), temporoparietal junction (TPJ), and temporal poles (TP) when 

comparing the two types of shape videos [28]. Variants of this type of task have been 

deployed in five studies in EDs (Table 1, Social and Non-Social Stimuli). In four studies 

participants made social decisions: answering a question after the social video (People: 

All Friends?) and after physical videos (Bumper Cars: Same Weight?). Adults recovering 

from anorexia nervosa had less activation in the right TPJ, precuneus, and inferior frontal 

gyri relative to comparison participants when attention was directed to the animate relative 

to inanimate [29]. A follow-up study showed diminished processing in the right TPJ for 

adults with BN [30]. The study in adolescents with AN showed reduced processing in 

the social condition in MPFC and less activation in this region at baseline was associated 

with worse outcomes a year later [31]. A more recent study [32] evaluated adolescents 

with AN and BN, observing reduced activation in the superior temporal sulcus (STS) in 

AN and hyperactivation in this area in BN. A separate study used similar social/non-social 

shape stimuli as the other four, but participants passively viewed the social and non-social 

movements, not responding or making any decisions about interactions [33], and reported 

no differences in brain activations in ED cohort relative to comparison women. These data 

suggest a hypothesis that neural differences in processing social relative to non-social stimuli 

is related to decision-making rather than sensory perception in EDs.

Interpreting Emotional Stimuli in Faces

Faces also carry social information; interpretation of emotions within faces is particularly 

crucial for the Communication and Other constructs. Many types of face stimuli have 

been deployed to evaluate emotional communication in both AN and BN (Table 1, Facial 

Emotion Tasks). Two studies have suggested reduced cingulate engagement in response 
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to face stimuli, independent of emotion-content, in AN [34, 35]. Two other studies have 

found altered use of the amygdala (AMY), insula (INS), and dorsolateral prefrontal cortex 

(DLPFC) in response to emotional content of faces in individuals with AN, although the 

specific emotions leading to altered activations vary [36, 37]. The largest study considering 

both ill and recovered AN found no whole-brain activation differences although increased 

connectivity between the occipital and frontal lobes in response to happy stimuli was 

observed in the recovered AN cohort [38]. For BN, we identified only one study using face 

stimuli, reporting reduced AMY (to angry faces) and precuneus (to fearful and angry faces) 

modulations [39]. Finally, one recent study considered face stimuli in weight-recovered 

women with AN, finding no differences in neural responses to happy stimuli, suggesting that 

emotional recognition problems in AN may be state-dependent [40]. More research on facial 

communication is needed, as most studies utilized different stimuli and contrasts, no studies 

of facial emotions were found for BED, only one for BN, and only one in adolescents.

Emotional Self-Regulation

Social-emotional regulation tasks typically present a stimulus that activates an emotion, 

followed by instructions to regulate or experience the stimulated emotion, a process related 

to the Self construct (Table 1, Emotional Regulation Tasks). Although two studies in 

adolescents with AN reported elevated AMY responses at baseline to viewing negative 

images, no differences were found in the ability to regulate this emotion [41, 42]. One study 

suggested less DLPFC activity and connectivity to the AMY during emotion regulation in 

AN, and that more DLPFC was associated with more weight gain in subsequent treatment 

[43]. In adolescents with AN, DLPFC activation at baseline was related to increased AMY 

as well as self-reported tension during ecological momentary assessments during the two 

weeks after the scan [42]. A study of recovered AN showed no neural differences [44]. One 

study considered emotional imagination in both AN and BN, a construct likely similar to 

emotional regulation, and found no differences in individuals with either disorder [45]. The 

neural processes engaged during directed regulation of emotions appear to be largely intact 

in AN and BN.

Self-Other Images

Visual tasks involving participants viewing themselves or others have been conducted in 

EDs, probing the constructs of Self and Other (Table 2, Self-Other Images). Some paradigms 

include prompts to compare the image shown to oneself in a specific way. Relative to 

comparison cohorts, altered activations in MPFC extending to ACC are observed in a variety 

of self-other body-comparison tasks, including: increased activation in a mixed (adolescent-

adult) sample of women with BN when viewing heavy bodies [46], increased activation in 

women recovered from AN when viewing thin bodies during a self-comparison task [47], 

reduced activation during physical self-evaluation relative to a physical other-evaluation in 

women with AN and BN [30, 48], and reduced activation when viewing others engaging in 

body checking in AN [49]. Elevated activations in the fusiform gyri (FG) are observed in 

women with AN but not those recovered from AN during passive viewing of self relative 

to other face-images [50]. Additionally, lower activation in FG is observed in women 

with BN during a body-image self-other comparison task [51], whereas those with BED 

have increased activation for body-images relative to other images [52]. Two studies have 
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presented distorted body images to ED participants; they found altered utilization of the 

AMY and MPFC in AN [53] and altered precuneus, INS, and medial frontal gyrus in BN 

[54]. Sweitzer et al. [40] examined differences related to the reward of viewing bodies 

as well as smiling faces in AN, utilizing a region of interest analysis focusing on reward 

regions (dorsal striatum (DS), ventral striatum (VS), MPFC). Women recovered from AN 

had decreased DS responses for body images, and that response correlated with course of 

illness. In sum, altered neural processing for self-other visual stimuli is observed in EDs, 

with more studies in AN than BN or BED, and has primarily been assessed in adult samples.

Appraisals

Appraisal tasks are amongst the most common stimuli utilized in mapping differences in the 

neural regions involved during directed, conscious reasoning about people (for review, see 

[55]). In these tasks, participants conduct in-the-moment evaluations about themself (direct 

self-appraisal, “I am responsible”) or others (direct other-appraisal, “I believe my best 

friend is kind”), using conscious decision-making related to the Self and Other constructs. 

These tasks secure both behavioral evidence of differences in beliefs about oneself and 

others, and can identify how neural regions respond to self-other as well as positive-negative 

information [56, 57]. Five verbal appraisal experiments have been conducted in adolescents 

and adults recovering from AN, with AN, in sustained recovery from AN, and with BN 

(Table 2, Social Appraisals). Reduced modulation of regions within the default mode 

network during self-appraisals occurred in all studies of adults with EDs [30, 48, 50, 

58]. The single study assessing adolescents recovering from AN found no whole-brain 

differences, with less activation in the precuneus related to recovery one year later [59]. 

To more precisely pinpoint the neurocognitive differences related to self-other evaluations 

in AN, participants (with AN, recovered from AN, and comparison) agreed or disagreed 

with positive or negative terms presented with three different social perspectives: self, other, 

reflected (My friend thinks I am..) [60]. Neural regions differentially modulated by valence 

were identified by contrasting activations to positive [MPFC, bilateral TPJ, precuneus] 

relative to negative [DACC, left inferior frontal gyrus (IFG)] verbal stimuli across all social 

perspectives and groups. Activations in these valence-defined neural regions were then 

compared in relation to clinical group and social perspective. Both adult AN cohorts showed 

lower responses in the regions more active for positive terms during direct self-appraisals 

and higher responses in the same regions during direct friend-appraisals while comparison 

women showed the opposite pattern. No group differences were found for the regions more 

active for negative terms. Aberrant social processing in AN appears to be related to both 

stimulus valence and social perspective, with more studies needed in adolescents, BN, and 

BED.

Social Interactions

Understanding what other people think about us and how they respond to us is critical to 

form relationships with others, a process most closely related to the Affiliation construct. 

Via et al. [61] presented face-stimuli while asking if the participant wanted to meet the 

“individual” presented and receiving feedback about whether the “other person” wanted to 

meet the participant. In response to receipt of this feedback, women with AN had altered 

responses in the AMY, DS, VS, INS, DLPFC, and hippocampus (HPC) relative to control 
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women, findings described as an abnormal motivation for social stimuli. The Multi-Round 

Trust Game simulates building a relationship by investing and receiving benefits from the 

same investor over multiple trials; this task has been evaluated in both AN and BN. All 

differences observed in both EDs occurred when the participant found out the other person 

behaved in a way inconsistent with their own most recent behavior. When the other person 

was nicer than expected, both ill and recovered women with AN showed reduced neural 

activations in the PreC and TPJ [62]. When the other person was greedier than expected, 

women with BN had elevated neurobehavioral responses in both subcortical (AMY, DS, 

and VS) and cortical (DACC, TPJ, IFG) regions [63]. In considering how these neural 

responses in the trust game in AN and BN might translate to real-world social interactions, 

we hypothesize that both groups may internalize a belief that other people are not supportive 

of them. However, the source of this negative belief about others differs: not recognizing 

positive interactions in AN while being hypersensitive to negative interactions in BN.

Next Steps

RDoC: Self-Relevance, Valence, and Expectations

Interpreting data in relation to any single paradigm is simpler than creating a model to 

capture the different types of social processing explored in EDs. Three features related 

to aberrant processing of social information in EDs emerge across the paradigms: self-

relevance, valence, and expectations. The Social Attributions tasks requiring responses show 

more differences than passive viewing; self-images have more aberrant processing than 

standardized images. Verbal appraisal differences occur when contrasting self to other and 

depend on stimulus valence; expectations and valence are critical to observing differences 

in the interaction paradigms. Importantly, these broad features are also be engaged by 

paradigms designed for other domains in the RDoC framework. Self-relevance includes 

motivated experiences and behaviors that impact an individual, and includes two distinct 

processes: introspection (cognitive and emotional beliefs about oneself) and interoception 

(sensory and physiological experiences) [16]. Introspective paradigms were reviewed 

here, falling within the Self construct of the Social Processing Domain but interoceptive 

paradigms were not, as they are part of the Arousal and Regulatory Domain of RDoC. 

Interestingly, one recent review of interoception in EDs [64] also identified expectations, 

operationalized there as prediction errors, as a feature related to aberrant processing in EDs. 

Similarly, valence has its own two domains (Positive Valence Systems and Negative Valence 

Systems) in the RDoC framework and self-relevance is common in many of these tasks. 

Notably, delayed discounting paradigms ask participants about their current desire for a 

small amount of money now or more money later, a question requiring introspection about 

one’s current and future needs (Self). A recent review of delayed discounting paradigms in 

EDs [65] reported altered neural responses in MPFC, DACC, DLPFC, DS and VS – areas 

also emerging from the social paradigms considered here.

Connecting Social Processes to Clinical Symptoms in EDs

Development of neurocomputational models of EDs then requires integration of data 

across social and non-social paradigms, as neural regions typically activate for multiple 

processes. The DACC is active during both social perspective-taking and cognitive control 
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paradigms; value is processed in MPFC for social, monetary, and food rewards. Are 

the problems in processing self-relevant stimuli in the default mode network regions in 

AN a result of diminished subcortical responses to rewards in general, or caused by 

aberrant development of self-identity? Elucidating the mechanisms that underlie the negative 

self-image characteristic of EDs requires models that integrate across domains, with one 

promising candidate the identity-value model of social decision-making [66]. This model 

integrates cognitive control and reward systems with social processing, hypothesizing that 

value-based choices are part of all self-relevant decisions, such that choice-values congruent 

with one’s identity (e.g. being kind) receive higher internal values than incongruent choices 

(e.g. being mean); this computation is proposed to occur in MPFC [67]. As we consider 

this model for AN, we hypothesize that low self-esteem and a negative self-image may 

result from diminished identity-value inputs – observable as hypoactivation of MPFC in 

Self paradigms. The identity-value model also proposes that during adolescence, peer groups 

impact development of each person’s identity-values, having the ability to promote positive 

(e.g., do well in school, eat consistently) and negative (e.g., engage in illegal activities, 

diet) self-relevant decisions [68]. These concepts are consistent with clinical experiences 

of EDs including their emergence during adolescence in relation to stressors. Longitudinal 

neuroimaging research in adolescents with EDs are needed to more fully understanding 

how identity, disordered eating, and environment are related. A large, multi-site study 

with both adolescent and adult participants completing cognitive control, reward, and 

social tasks could exponentially accelerate this field towards a precision model of the 

neuropsychological pathology occurring in EDs.

Psychotherapeutic Implications

One benefit derived from deploying social tasks is that these paradigms may be more readily 

translated into real-world experiences of patients than typical cognitive control or monetary 

reward tasks. The appraisal tasks can assess brain function during mentalization, an 

established therapeutic technique to reduce negative rumination. We conducted a brief, pilot 

open trial using a group format that combined art experientials with psychoeducation on 

negative self-concept and mentalization in a mixed cohort of women with AN, BN, and BED 

[69]. Participants showed improvements in psychopathology with clinical improvements 

persisting for several months after the brief 4-session intervention [70]. Participants 

both reported retention of the psychoeducational constructs related to mentalization, and 

described the social connections established in the group to be motivating in their recovery 

[69]. Group formats may be especially effective for social processing targets, as discussion 

about in-the-moment group interactions may promote changes in internalized beliefs 

essential to improve one’s sense of identity.

Neurofeedback and Negative Self

The data shown suggests altered utilization of neural circuits are related to the persistent 

negative view of self established in EDs. As this problem can also be part of major 

depressive disorder, neurofeedback targeting a negative self-view has been explored for 

depression. Providing neurofeedback to increase AMY responses during recall of positive 

self-relevant memories improves depressive symptoms, and can alter responses in MPFC, 

DACC and DLPFC in adults [71]. Cueing adolescents to think about themselves in a positive 
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way while providing real-time feedback about AMY activations increased MPFC activations 

while decreasing responses in the AMY and DLPFC [72, 73]. These approaches may also be 

helpful to improve the negative self-esteem observed in individuals with EDs.

Limitations

Many limitations of existing research in the Social Domain were identified. Several common 

social paradigms have not been conducted in ED cohorts, including autobiographical 

memory tasks [74] (Self), ultimatum games [75] (Other), and cyberball [76] (Affliation). 

Neuroimaging paradigms are complex, with task design often limiting interpretations. For 

example, if a study only shows negative social stimuli, differences may not generalize to 

positive social stimuli. The total number of studies identified is small, and few studies 

have been done in BN and BED. Altered brain structure is closely associated with low 

weight in AN [77, 78], but few social paradigms have been conducted in both underweight 

and weight-restored cohorts. As neurodevelopmental changes in social processes occur 

during puberty [20], more studies in adolescents with EDs are needed. Boys and men have 

not been included in any studies. Finally, few studies include longitudinal components, a 

critical component to connect social problems with expressed clinical psychopathology and 

neural differences. A better understanding of how EDs affect neurodevelopment of social 

processing may lead to earlier intervention and identify age-appropriate treatments for EDs.

Conclusions

Neural differences were observed for all four constructs within the RDoC Social Domain, 

with differential responsivity in regions within the default mode network, salience network, 

and subcortical nuclei. Self-relevance, valence, and expectations were key features in the 

contrasts and task paradigms discerning whole-brain neural differences in EDs. Neural 

differences were observed in relation to both introspective, belief-based tasks as well as 

during experiential tasks requiring social interactions. The social processing domain may 

provide a framework to develop mechanistic neurophysiological models of disordered eating 

symptoms that can integrate differences observed across cognitive control, reward, and 

learning circuitry.
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Figure 1. 
Key features in social processing paradigms as well as the neural regions involved. On 

left, an individual (blue) interacts with other people (gray) within a social environment. 

Each individual also internalizes beliefs about themselves, other people, and the world 

in a generalized sense over their lifetime. Many different brain regions and networks are 

involved in processing social information which requires both internalizing beliefs and 

reacting to discrete experiences, with roles for the default mode network (blue), salience 

network (yellow) and subcortical nuclei (green). Key regions include medial prefrontal 

cortex (MPFC), precuneus (PreC), posterior cingulate (PCC), intraparietal lobule (IPL), 

temporoparietal junction (TPJ), superior temporal sulcus (STS), middle temporal gyrus 

(MTG), temporal pole (TP), fusiform gyrus (FG), anterior cingulate (ACC), dorsal anterior 

cingulate (DACC), inferior frontal gyrus (IFG), insula (INS), dorsolateral prefrontal cortex 

(DLPFC), amygdala (AMY), dorsal striatum (DS), ventral striatum (VS), hippocampus 

(HPC).
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Table 1.

Paradigms assessing Social & Non-Social Stimuli, Facial Emotion, and Emotional Self-Regulation.

Study and Participants1 Paradigm and Results

Social & Non-Social Stimuli: RDoC Communication and Other

McAdams & Krawczyk (2011) [29];
Adults: recAN (n=17; 26.2 years; BMI 19.7); CW 
(n=17; 24.7 years; BMI 23.4)

Paradigm: Decided if shapes either imaged as People were friends or as Bumper Cars 
had same mass. Results: CW had stronger neural activations in IFG, TPJ, STS, FG 
than recAN.

Schulte-Rüther et al. (2012) [31];
Adolescents: adolAN (n=19; 15.7 years; BMI 15.3); 
adolCW (n=21; 15.8 years; BMI 22.7)

Paradigm: Same as [29]. Results: AdolCW with stronger neural activation for social 
condition in TP than adolAN; activation in MPFC related to clinical outcome.

McAdams & Krawczyk (2013) [30];
Adults: recAN (n=18; 26.1 years; BMI 19.8); cBN 
(n=17; 28.1 years; BMI 22.1); CW (n=18; 24.5 years; 
BMI 23.2)

Paradigm: Same as [29]. Results: CW with stronger neural activations for social 
condition in TPJ than recAN and cBN.

Leslie et al. (2020) [33];
Mixed: cAN (n=67; 18.7 years; BMI 16.6); recAN 
(n=49; 19.7 years; BMI 20.0); CW (n=70; 19.6 years; 
BMI 22.8)

Paradigm: Passive viewing of animations moving randomly, with non-social motion, 
and with social interactions. Results: No differences in the three groups.

Ruan et al. (2022) [32];
Adolescents: adolAN (n=18; 15.7 years; BMI 15.8); 
adolCW-a (n=18; 15.8 years; BMI 22.3); adolBN 
(n=16; 17.8 years; BMI 20.2); adolCW-b (n=18, 17.5 
years; BMI 22.5)

Paradigm: Same as [29]. Results: adolCW-a with stronger neural activations in TPJ, 
PreC relative to adolAN at both time points; adolBN with increased neural responses 
in TP relative to adolCW-b

Facial Emotion: RDoC Communication and Other

Ashworth et al. (2011) [39];
Adults: cBN (n=12; 27.4 years; BMI NR); CW (n=16; 
24.4 years; BMI NR)

Paradigm: Emotion matching task with disgust faces, angry faces, or shape 
orientation. Results: CW with elevated activity in the PreC for both angry and disgust 
faces and elevated AMY for angry relative to cBN.

Fonville et al. (2014) [34];
Adults: cAN (n=31; 23 years; BMI 15.9); CW (n=35; 
25 years; BMI 21.9)

Paradigm: Implicit facial emotion processing task with neutral, slightly happy, or 
happy faces; participants judged face gender. Results: More FG in cAN than CW; 
more lingual/cingulate in CW than cAN.

Leppanen et al. (2017) [37];
Adults: cAN (n=21; 25 years; BMI 15.8); CW (n=26; 
25.5 years; BMI 19.9)

Paradigm: Viewing happy, sad, neutral faces of infants. Contrasted happy to neutral 
and sad to neutral. Results: cAN more AMY and DLPFC for happy relative to neutral 
faces; cAN more left INS than CW for sad relative to neutral faces.

Leppanen et al. (2017) [36];
Adults: cAN (n=20; 28.6 years; BMI 15.9); CW 
(n=20; 25.8 years; BMI 21.1)

Paradigm: Viewing happy, fearful, and neutral faces. Contrasted happy to neutral and 
fearful to neutral. Results: cAN more INS for happy relative to neutral than CW; cAN 
with less AMY & VLPFC for fearful relative to neutral than CW

Lulé et al. (2021) [35];
Adolescents: adolAN (n=11; 16.4 years; BMI 17.6); 
adolCW (n=11; 16.5 years; BMI 21.4)

Paradigm: Viewing emotional (happiness, sadness, anger, fear, surprise, disgust) faces 
with variable intensity. Results: adolAN has reduced left MCC for faces in general. 
Also adolAN with less R DS and R FG for happy faces, and less MPFC and IFG for 
fearful faces. No differences for disgust, surprise, anger or sadness.

Halls et al. (2021) [38];
Mixed: cAN (n=57; 19.4 years; BMI 16.4); recAN 
(n=60; 18.4 years; BMI 20.4); CW (n=69; 19.4 years; 
BMI 22.8)

Paradigm: Same stimuli as [34] and [36]. Results: No whole brain differences across 
groups. Increased connectivity for recAN relative to CW from occipital face area to 
frontal regions for happy stimuli

Emotional Regulation: RDoC Self

Seidel et al. (2018) [41];
Adolescents: adolAN (n=36; 16.6 years; BMI 14.7); 
adolCW (n=36; 16.9 years; BMI 20.7)

Paradigm: Viewing of negative, neutral, positive images with directive to either 
‘watch’ or ‘distance’ for positive and negative images. Arousal ratings after images. 
Results: Differences on passive viewing with more AMY and bilateral DLPFC in 
cAN for negative pictures; no differences when regulating

Pauligk et al. (2021) [42];
Adolescents: adolAN (n=36; 16.5 years; BMI 14.4); 
adolCW (n=36; 16.7 years; BMI 20.3)

Paradigm: Passive viewing of negative and neutral images, as well as directed 
down-regulation of emotional responses to negative images. Task repeated at 
baseline and in two weeks, and correlated with ecological momentary assessments 
of psychopathology. Results: Increased reactivity of the bilateral AMY in cAN 
compared to CW persisted at re-exposure to previously watched negative and neutral 
pictures. EMA data suggesting that DLPFC at baseline related to increased AMY to 
negative images at follow-up.
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Seidel et al. (2022) [44];
Adults: recAN (n=41; 22.1 years; BMI 20.7); CW 
(n=41; 22.0 years; BMI 21.9)

Paradigm: Viewing of negative, neutral, positive images with directive to either 
‘watch’ or ‘distance’ for positive and negative images. Arousal ratings after images. 
Results: No differences.

Steward et al. (2022) [43];
Adults: cAN (n=21; 22 years; BMI 16.3); CW (n=22; 
22 years; BMI 21.0)

Paradigm: Viewing of negative or neutral pictures with three directives “Look 
Neutral”, “Look Negative”, “Regulate Negative”. Results: cAN with less DLPFC 
when regulating emotions; also less connectivity DLPFC to AMY during regulation; 
DLPFC activity increased with weight.

D’Agata et al. (2021) [45];
Adults: cAN (n=25; 22 years; BMI 16.1); cBN (n=19; 
22 years; BMI 21.9); CW (n=20; 23 years; BMI 21.5)

Paradigm: Viewed emotional sentences and asked to imagine one’s own response, 
and match that with faces showing anger, fear, disgust or neutral. Results: No 
differences across the three groups.

Abbreviations: AN – anorexia nervosa; cAN – adults with AN; adolAN – adolescents with AN; recAN – recovered from AN; BN – bulimia 
nervosa; cBN – adults currently with BN; adolBN – adolescents with BN; CW – comparison women; adolCW – comparison adolescent 
women. Neural regions: medial prefrontal cortex (MPFC), ventrolateral prefrontal cortex (VLPFC), precuneus (PreC), middle cingulate (MCC), 
temporoparietal junction (TPJ), superior temporal sulcus (STS), temporal pole (TP), fusiform gyrus (FG), dorsal anterior cingulate (DACC), 
inferior frontal gyrus (IFG), insula (INS), dorsolateral prefrontal cortex (DLPFC), amygdala (AMY), dorsal striatum (DS).

Curr Psychiatry Rep. Author manuscript; available in PMC 2023 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

McAdams et al. Page 18

Table 2.

Paradigms examining Self-Other Images, Appraisals, and Social Interactions.

Study and Participants1 Paradigm and Results

Self-Other Images: RDoC Self and Other

Vocks et al. (2010) [79];
Adults: cAN (n=13; 29 years; BMI 15.8); cBN 
(n=15; 28 years; BMI 21.3); CW (n=27; 27 
years; BMI 22.0)

Paradigm: Viewing one’s own body and other women’s bodies. Results: cAN and cBN 
with less activations in left IPL and MTG for self-images relative to CW; cAN with more 
activation in MTG for other-images.

Miyake et al. (2010) [53];
Adults: cAN-R (n=11; 22.2 years; BMI 15.3); 
cAN-BP (n=11; 28 years; BMI 15.9); cBN 
(n=11; 24.5 years; BMI 20.2); CW (n=11; 27 
years; BMI 19.1)

Paradigm: Viewed one’s own body and other bodies with weight-related distortions. 
Results: cAN-R, cAN-BP, and CW with increased AMY activation for heavier self-images 
relative to normal weight self-image but not cBN. cAN-BP and CW with elevated DACC 
and DLPFC for heavier self-image but not cAN-R or cBN.

Mohr et al. (2010) [54];
Adults: cBN (n=15; 24.8 years; BMI 22); CW 
(n=16; 25.5 years; BMI 21)

Paradigm: Viewed one’s own body under conditions of weight-related distortions twice; 
once rating reality and once closeness to idealized size. Results: BN with less activity in 
MFG, PreC, and PCC to images than CW; altered INS engagement in relation to task 
condition and group.

Spangler & Allen (2012). [46];
Adults2: cBN (n=12; 12-38 years; BMI 
19.3-27.8) and CW (n=12; 18-30 years; BMI 
18.5-26.9)

Paradigm: Viewed thin and heavy bodies with comparing one’s own body to those in the 
images. Results: MPFC activation was greater in cBN when viewing heavy images; no 
neural differences for thin images.

Van den Eynde et al.(2013) [51];
Adults: cBN (n=21; 28 years; BMI 23.4); CW 
(n=23; 27.3 years; BMI 21.3)

Paradigm: Viewed calorie-dense food and told to imagine eating food. Viewed images of 
thin bodies and told to compare to own body. Results: Greater activation of INS and less 
activation of FG in cBN compared with CW. No differences in viewing food stimuli.

Suda et al. (2013) [49];
Adults: cAN (n=20; 27 years; BMI 15.7); CW 
(n=15; 26 years; BMI 21.9)

Paradigm: Viewed people engaging in body checking or neutral events. Results: cAN had 
less activation in MPFC and FG when viewing body checking in comparison to CW.

Kodama et al. (2018) [47];
Adults: recAN (n= 15; 33.2 years; BMI 20.7); 
CW (n= 15; 29.7 years; BMI 21.5)

Paradigm: Viewed low, normal, heavy bodies and told to either compare to own body or 
estimate weight of body shown. Results: Greater ACC activation when comparing their 
own bodies to underweight bodies in cAN than CW; less activation of EBA during weight 
estimation task in cAN.

Sweitzer et al. (2018) [40];
Adults: recAN (n= 20; 22.5 years; BMI 22.5); 
CW (n=25; 24.5 years; BMI NR)

Paradigm: Viewed both smiling face images as well as images of thin, average, heavy 
individuals and rated their attractiveness. Results: ROI Analysis: No differences for faces. 
Viewing figures decreased activation in right DS for recAN; DS activation negatively 
correlated with sustained course of AN. Exploratory whole brain analyses related to 
course, with also reduced activation in DS, VS, MPFC.

Press et al. (2022) [52];
Adults: cBED (n=38; 38 years; BMI 29.9); CW 
(n=22; 38.36 years; BMI 28.7)

Paradigm: Viewed one’s own body, another person’s body matched for BMI/waist-to-hip 
ratio/age. Results: cBED had increased activation in left FG when viewing bodies versus 
control images in comparison to CW.

Verbal Appraisals: RDoC Self and Other

Pringle et al. (2011) [58];
Adults: cBN (n=11; 27.4 years; BMI NR); CW 
(n=16; 24.6 years; BMI NR)

Paradigm: Rated negative words as “me” or “not me”. Negative words included both ED 
and depressive descriptors, contrasted both. Results: CW with increased responses to ED 
descriptors (occipital, PreC, AMY, VS, HPC) as well as depressive descriptors (PreC, 
occipital) than cBN.

McAdams & Krawczyk (2014) [48];
Adults: recAN (n=18; 26.1 years; BMI 19.8); 
CW (n=18; 24.5 years; BMI 23.2)

Paradigm: Completed social “nice” or physical “arms are toned” appraisals for three 
perspectives (Self “I am”, Friend “my friend”, and Reflected “My friend thinks”). 
Contrasts of perspectives. Results: In social, CW more engagement of PreC relative to 
recAN for self than other. In physical, CW with more ACC activation than recAN for self 
than other.

McAdams & Krawczyk (2013) [30];
Adults: recAN (n=18; 26.1 years; BMI 19.8); 
cBN (n=17; 28.1 years; BMI 22.1); CW (n=18; 
24.5 years; BMI 23.2)

Paradigm: Same as [48]. Results: ROI analysis from above regions; cBN differs from CW 
in PreC and ACC for social task; no differences in physical task.

McAdams et al. (2016) [50];
Adults: cAN (n=22; 27.6 years; BMI 17.6); 
recAN (n=18; 29.6 years; BMI 22.8); CW (n=19; 
27.9 years; BMI 22.5)

Paradigms: Two tasks. Social appraisals with three perspectives (Self “I am”, Friend “my 
friend”, and Reflected “My friend thinks”). Contrasts for both perspective and agreeing/
disagreeing. Self-other face task with passive viewing. Results: For appraisals, CW group 
engaged MPFC more when agreeing with terms while AN and recAN utilized area more 
for disagreeing. Mentalization led to elevated IFG and DACC by recAN cohort. For faces, 
cAN with elevated activity in FG for self relative to other faces.
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Xu et al. (2017) [59];
Adolescents: adolAN (n=24; 16.4 years; BMI 
19.5); adolCW (n=18, 16.1 years; BMI 21.2)

Paradigm: Social appraisals task as per [50]. Contrasts for both social and in relation to 
agreeing/disagreeing with terms. Results: No whole-brain differences. ROI analysis with 
adult ROIs: activity in MPFC and DACC correlate with body-shape and anxiety scores. 
PreC responses at baseline (self - friend) related to clinical outcomes.

McAdams et al. (2018) [80];
Adults: Same cohort as 2016 [50].

Paradigm: Same as [50], but whole-brain regressions looking at psychological scale 
examining social attributions. Results: Activations in left IFG - INS are related to negative 
self-attributions, across all three cohorts.

Mendoza et al. (2022) [60]
Mixed: Cohorts from 2016 [50] and 2017 [59].

Paradigm: Data from [50, 59]. Valence of the verbal stimuli utilized to further evaluate 
responses in neural ROIs. Results: Interactions between group and social perspective, with 
altered use of MPFC, TPJ, PreC in adult cohorts. No differences in negative > positive 
ROIs: DACC, IFG.

Social Interactions: RDoC Affiliation

Via et al. (2015) [61];
Adults; cAN (n=21; 28.4 years; BMI 16.9); CW 
(n=22; 28.1 years; BMI 21.0)

Paradigm: See and rate pictures of other people, then told whether they liked your picture 
or not. Results: In response to acceptance feedback, CW activate VS, INS, and DLPFC but 
AN do not; AN activate HPC & AMY for acceptance feedback. For rejection feedback, 
AN activate DS while CW do not.

McAdams et al. (2015) [62];
Adults: cAN (n=23; 26.3 years; BMI 18.0); 
recAN (n=19; 29.6 years; BMI 22.8); CW (n=21; 
27.0 years; BMI 22.8)

Paradigm: Played trustee role in multi-round trust game with neurotypical partner 
(computational-simulation). Results: Both cAN and recAN with less activations in PreC, 
TPJ following positive interactions. cAN with less activations in FG after negative 
interactions.

Luo et al. (2021) [63];
Adults: cBN (n=22; 27.6 years; BMI 17.6); CW 
(n=19; 27.9 years; BMI 22.5)

Paradigm: Same as above [62]. Results: cBN with more activations in DS, AMY, INS, 
DACC, PCC, and TPJ after negative interactions.

Abbreviations: AN - anorexia nervosa; cAN - adults with AN; adolAN - adolescents with AN; recAN - recovered from AN; cAN-R - adults 
with restricting AN; cAN-BP - adults with binge-purge AN; BN - bulimia nervosa; cBN - adults currently with BN; CW - comparison women; 
adolCW - comparison adolescent women; BED -binge-eating disorder; cBED - adults with BED. Neural regions: medial prefrontal cortex (MPFC), 
precuneus (PreC), posterior cingulate (PCC), intraparietal lobule (IPL), temporoparietal junction (TPJ), middle temporal gyrus (MTG), fusiform 
gyrus (FG), dorsal anterior cingulate (DACC), inferior frontal gyrus (IFG), insula (INS), dorsolateral prefrontal cortex (DLPFC), amygdala (AMY), 
dorsal striatum (DS), ventral striatum (VS).
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