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Abstract

Objective: Previous research has found increasing evidence for difficulties in emotion

recognition ability (ERA) and social cognition in anorexia nervosa (AN), and recent

models consider these factors to contribute to the development and maintenance of

the disorder. However, there is a lack of experimental studies testing this hypothesis.

Therefore, the present proof-of-concept study examined whether ERA can be

improved by a single session of a computerized training in AN, and whether this has

short-term effects on eating disorder symptoms.

Method: Forty inpatients (22.20 ± 7.15 years) with AN were randomly assigned to

receive a single session of computerized training of ERA (TERA) or a sham training (train-

ing the recognition of different types of clouds). ERA, self-reported eating disorder symp-

toms, and body mass index (BMI) were assessed within 3 days before and after training.

Results: After training, both groups showed improved ERA, reduced self-reported

eating disorder symptoms, and an increased BMI. As compared to patients in the con-

trol group, patients who received TERA showed greater improvements in ERA and

self-reported eating disorder symptoms.

Discussion: ERA can be effectively trained in patients with AN. Moreover, short-term

improvements in self-reported eating disorder symptoms provide tentative support

for the hypothesis that difficulties in ERA contribute to the maintenance of AN, and

that specific trainings of ERA hold promise as an additional component in AN treat-

ment. Future studies are needed to replicate these findings in larger samples, and to

investigate long-term effects and transfer into real-world settings.
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1 | INTRODUCTION

Anorexia nervosa (AN) is a severe eating disorder that mostly emerges

during adolescence followed by an often chronic course (Eddy et al., 2017;

Steinhausen, Grigoroiu-Serbanescu, Boyadjieva, Neumärker, & Winkler

Metzke, 2008), leading to high impairment (Reas&Rø, 2018) andmortality

rates (Arcelus, Mitchell, Wales, & Nielsen, 2011; Himmerich et al., 2019).

Accordingly, AN is described as one of the mental disorders most difficult

to treat (Halmi et al., 2005). Despite established psychotherapeutic treat-

ments, fewer than 50%of patients fully recover (Brockmeyer, Friederich, &

Schmidt, 2018). High rates of attrition (Calugi, Dalle Grave, Sartirana, &

Fairburn, 2015; Craig,Waine,Wilson, &Waller, 2019) and relapse (Khalsa,
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Portnoff, McCurdy-McKinnon, & Feusner, 2017) emphasize the need for

novel treatments. However, refinement and development of novel treat-

ment modules is hampered by the limited knowledge of causal mecha-

nisms involved in the etiology and maintenance of the disorder

(Brockmeyer et al., 2018; Jansen, 2016; Pennesi &Wade, 2016).

Current models emphasize the importance of social cognition deficits

in AN, including emotion recognition abilities (ERA; Brockmeyer

et al., 2016; Cagar-Nazai et al., 2014; Harrison, Sullivan, Tchanturia, &

Treasure, 2010; Kucharska-Pietura, Nikolaou, Masiak, & Treasure, 2004;

Oldershaw et al., 2011; Renwick et al., 2015; Russell, Schmidt, Doherty,

Young, & Tchanturia, 2009). Although findings may depend to some

degree on the paradigm and the stimuli used (Nalbant, Kalaycı, Akdemir,

Akgül, & Kanbur, 2019; Wyssen et al., 2019), and although ERA may be

particularly poor in patients who also have autism spectrum disorder

(Dinkler et al., 2019), several systematic reviews and meta-analyses found

robust evidence for reduced ERA in AN, especially regarding the recogni-

tion of complex emotions (Cagar-Nazai et al., 2014; Oldershaw

et al., 2011).

These difficulties in social cognition are associated with a poorer

prognosis (Zipfel, Lowe, Reas, Deter, & Herzog, 2000; Zucker

et al., 2007) and assumed to serve as both a precursor and maintenance

factor of AN (Harrison, Tchanturia, & Treasure, 2010; Kothari, Barona,

Treasure, & Micali, 2015; Oldershaw, Hambrook, Tchanturia, Treasure, &

Schmidt, 2010). In line with that, recent studies suggest that social cogni-

tion deficits are not only a consequence of starvation but a trait (Kothari

et al., 2015; Oldershaw et al., 2011). For instance, children with a familial

risk of developing AN show social cognition deficits (Kanakam, Krug,

Raoult, Collier, & Treasure, 2013; Kothari et al., 2015). In addition, diffi-

culties in emotion recognition tend to persist, albeit to a smaller extent,

after recovery from AN (Brockmeyer et al., 2012; Harrison et al., 2010;

Oldershaw et al., 2011). Even in healthy individuals, ERA deficits contrib-

ute to problems in social interactions, frustration, and negative affect

(Hall, Andrzejewski, & Yopchick, 2009; Schlegel, Boone, & Hall, 2017;

Schlegel, Grandjean, & Scherer, 2013). In the course of AN, restrictive

eating might reflect a maladaptive coping mechanism for such aversive

states, itself being negatively reinforced by an attenuation of aversive

emotions (Brockmeyer et al., 2012, 2016, 2019; Brockmeyer, Holtforth,

Bents, Herzog, & Friederich, 2013; Kaye et al., 2003; Treasure, Corfield, &

Cardi, 2012). Potentially, this blunted emotional reactivity that is caused

by starvation also hampers emotion recognition in others since it is

(partly) based on emotional simulation or mimicry (i.e., person A under-

stands better what person B feels when person A experiences a mental

representation of person B's emotions in him-/herself; Iacoboni, 2009;

Preston & de Waal, 2002). This may then further increase interpersonal

distress, resulting in a vicious cycle in which patients eat less to down-

regulate negative emotions resulting from interpersonal distress

(Brockmeyer et al., 2016; Oldershaw et al., 2011; Treasure et al., 2012).

Hence, improving socioemotional processing in patients with AN might

represent a potential avenue to enhance treatment outcome

(Brockmeyer et al., 2016; Oldershaw et al., 2011; Treasure et al., 2012).

So far, studies designed to specifically enhance ERA in patients with

AN are scarce and failed to elicit significant ERA improvements (Davies

et al., 2012; Kim, Eom, Yang, Kang, & Treasure, 2015). For instance, ERA

in patients with AN was neither improved by cognitive remediation and

emotion skills training nor by administration of oxytocin (Davies

et al., 2012; Kim et al., 2015). However, recently a computerized training

of ERA (TERA) has been developed (Schlegel, Vicaria, Isaacowitz, &

Hall, 2017). This audiovisual training comprises an instruction part and a

practice-with-feedback component, both teaching participants to recog-

nize and differentiate emotions (Schlegel et al., 2017). In four consecutive

studies, Schlegel et al. (2017) found that a single session of TERA

enhanced ERA in healthy individuals over a period of 4 weeks. To date,

the TERA has not been used with clinical samples.

Furthermore, previous research on ERA in AN is mostly cross-

sectional and correlational (Bora & Köse, 2016; Cagar-Nazai et al., 2014;

Oldershaw et al., 2011). There is a scarcity of experimental studies, that is,

those that include randomization to a control group to systematically

manipulate ERA in order to evaluate whether ERA can be improved in

patients with AN and whether improved ERA affects AN symptoms.

Therefore, in the present study, we followed an experimental psychopa-

thology/experimental medicine approach (Field et al., 2019; Jansen, 2016)

and aimed to isolate ERA as a hypothesized key process in AN to examine

its unique influence on AN symptoms within a mechanistic framework. If

improving ERA changes AN symptoms, this would provide proof-of-

concept support for the role of ERA in the maintenance of AN and would

suggest ERA to be a relevant target in AN treatment. We thus hypothe-

sized that training of ERA (TERA) in patientswith ANwould lead to greater

improvements in ERA and self-reported AN symptoms than a sham train-

ing. Given the short time period of the study (max. 6 days) and the strict

dietary plans during inpatient treatment for all patients, we did not expect

countable effects on the magnitude of weight gain. However, change in

bodymass index (BMI) was still assessed as a potential outcome.

2 | METHODS

2.1 | Study design

In this experimental study, participants were randomly assigned to

receive a single session of either TERA or a sham training of the ability

to recognize different types of clouds (control group). Change in ERA

was the primary outcome. Changes in self-reported eating disorder

symptoms and BMI served as secondary outcomes. Outcomes were

assessed within 1 to 3 days before the training and within 1 to 3 days

after the training. The study was approved by the local ethics commit-

tee of the Institute of Psychology at the University of Goettingen.

2.2 | Sample

Previous studies in healthy individuals found large effect sizes for the

superiority of TERA over a sham training regarding improvements in

ERA (Schlegel et al., 2017). However, since TERA has not been previ-

ously examined in clinical samples, we chose a more conservative

approach and expected only a medium effect size (Cohen, 1992). An a

priori power calculation indicated a total sample size of n = 34
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participants in order to detect a medium effect size in a 2 × 2 mixed

analysis of variance (ANOVA) with two groups (with 80% power and

0.05 two-tailed significance level). A data loss up to 10% due to tech-

nical errors and dropouts was assumed (i.e., a = 10%). Applying an

attrition correction factor of 1/(1 − a) resulted in a sample size of at

least n = 38 participants, which was rounded up to n = 40 (i.e., n = 20

per group) in order to be more conservative.

Thus, the sample consisted of 40 womenwith ANwho were receiv-

ing inpatient treatment in a specialized eating disorders clinic at the time

of study participation. Participants had to be 16 years or older and to

meet DSM-5 criteria of AN (APA, 2013) to be eligible for the study.

Exclusion criteriawere: comorbid psychosis, borderline personality disor-

der, bipolar disorder, substance use disorder, or insufficient knowledge

of the German language to complete the tasks and questionnaires.

Comorbid diagnoses were given based on therapists' clinical judgement

following ICD-10 criteria (World Health Organization, 1992). Partici-

pants received financial compensation (€25) for their participation. All
participants provided written informed consent. In addition, participants

younger than 18 years providedwritten assent with parental consent.

2.3 | Measures

2.3.1 | Emotion recognition ability

The computer-based Geneva Emotion Recognition Test (GERT; Schlegel,

Grandjean, & Scherer, 2014) includes 83 short video clips (1–3 s) borrowed

from the Geneva Multimodal Emotion Portrayals database (GEMEP; Bän-

ziger,Mortillaro, & Scherer, 2012) that display 14 different emotions (pride,

joy, amusement, pleasure, interest, relief, anger, fear, despair, irritation,

anxiety, sadness, disgust, and surprise). Each clip shows the head andupper

body of one out of 10 actors (5 women, 5 men; younger, middle-aged, and

older individuals were included) expressing one of the described emotions

while saying a pseudolinguistic sentence (a sentence without meaning).

The emotions were acted out under the supervision of a professional film

director, embedded in real-life scenarios in order to ensure high authentic-

ity of the portrayals. All clips contain multimodal nonverbal cues

(i.e., prosody, facial expression, gestures, posture), adding to the ecological

validity of the task. After each video clip, participants choose which of the

14 emotions was expressed. The GERT score is calculated as the mean of

all correct responses and can range from zero to one. It takes approxi-

mately 20 minutes to complete the test. Previous studies have demon-

strated the good internal consistency and construct validity of the GERT

(Costabile et al., 2018; Schlegel et al., 2014; Schlegel et al., 2017; Schlegel,

Fontaine, & Scherer, 2019). Importantly, the GERT also comprises a range

of stimuli (i.e., 47 of the 83) that are not used in the training.

2.3.2 | Eating disorder symptoms

Eating disorder symptoms were assessed by means of the German

short version of the Eating Disorders Examination Questionnaire

(EDE-Q8, Kliem et al., 2016). This is a brief, 8-item version of the well-

established and commonly used Eating Disorder Examination-

Questionnaire (EDE-Q; Hilbert, Tuschen-Caffier, Karwautz,

Niederhofer, & Munsch, 2007) which keeps the structure of the four

subscales “restraint eating,” “eating concern,” “weight concern,” and

“shape concern.” Previous research demonstrated excellent internal con-

sistency (α = .93) and a strong correlation with the long form of the

EDE-Q (r = .97; Hilbert & Tuschen-Caffier, 2016; Kliem et al., 2016). In

the current study, the instruction and response format was adapted to

cover the past 1 to 3 days in order to allow for the assessment of short-

term changes.

2.3.3 | Body mass index

Body weight and height were objectively assessed by clinic staff, on a

regular basis during inpatient treatment. BMI was calculated using

bodyweight in kilogram divided by height in meter squared (kg/m2).

BMI data from the closest weighing before and after the training ses-

sion were taken as a potential further indicator for changes in AN

symptom severity.

2.4 | Intervention

2.4.1 | Training of ERA

TERA consisted of a single session of computerized, audiovisual

training (approx. 35 min) which included an instruction part and a

practice-with-feedback part, both teaching participants to recog-

nize and differentiate among 14 different emotions (Schlegel

et al., 2017). The instruction part consisted of brief written

descriptions and short video clips in which an experimenter

explained the meaning of and nonverbal cues related to each

emotion (e.g., “sadness typically occurs after the loss of a person,

place, or thing and describes a state of unhappiness and misery

with low physical arousal,” “sadness can be recognized by a slow

and low voice, lip corners pulled down, inner eyebrows lifted,

frowning, slouched posture, arms hanging, little body movement”).

Each explanation was followed by two example video clips

(1–3 s) from the GEMEP to illustrate these cues (Bänziger

et al., 2012). As described above for the GERT, each clip con-

veyed facial, gestural, postural, and auditory emotional cues. Par-

ticipants could replay the example clips up to three times and

reread the description of the nonverbal cues while watching. In

the practice-with-feedback part, 42 additional GEMEP video clips

were presented. After each clip, participants had to decide which

of the 14 emotions was expressed by the actor, and received

immediate written feedback about whether their answer was cor-

rect. Correct responses were followed by the next clip. In case of

an incorrect answer, the video was replayed and the participant

chose a second answer. If the second answer was still wrong, the

correct emotion was displayed on the screen and the participant

proceeded to the next clip.
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2.4.2 | Cloud training control condition

In the sham training (Schlegel et al., 2017), participants learned to

categorize 14 different cloud types. In accordance with TERA, the

characteristic features (e.g., altitude, opaqueness, shape) of each

cloud type such as Cirrus or Nimbostratus were described by an

experimenter in a short video clip and a written description

followed by two pictures of each type. The practice-with-feed-

back-part included 42 pictures of clouds that had to be catego-

rized by the participants. Instructions and feedback were given

according to the same structure as in the real training. That is,

participants were informed whether their answer was correct

and, in case of a wrong answer, were given a second chance to

respond. If the second answer was still wrong, the correct cloud

type was revealed.

2.5 | Procedure

All participants attended three appointments at intervals of 1 to

3 days. Participants who met the eligibility criteria were invited to the

pre-assessment (45 min) to measure ERA (GERT) and self-reported

eating disorder symptoms (EDE-Q8). As stated above, BMI was

assessed on a regular basis during inpatient treatment, and BMI data

from the weighing sessions closest to the study assessments were

taken from patient records. Thereafter, participants were randomly

assigned to one of the two groups. Randomization was performed in a

1:1 ratio without stratification, using a specific online tool (www.

randomizer.org). The training session (approx. 35 min) took place 1 to

3 days after the first assessment. One to 3 days later, ERA, self-

reported eating disorders symptoms, and BMI were reassessed

(45 min).

2.6 | Statistics

All statistical analyses were carried out using SPSS 25. Statistical tests

were performed two-tailed with the statistical significance value set

to p < .05. Changes in outcomes were assessed by means of 2 × 2

mixed ANOVAs with group (TERA vs. control) as between-subjects

factor and time (before vs. after training) as within-subjects factor.

Means and SDs at pre-assessment were tested for group differences

using t tests for independent samples. At post-assessment, the BMI

data of one participant of the control group was lost, reducing the

sample size to n = 19 in the control group for analyses concerning

patients' BMI.

In exploratory analyses, changes concerning the recognition of the

14 specific emotions covered by the GERT were assessed using separate

2 × 2 (group × time) mixed ANOVAs. Furthermore, moderator analyses

(using PROCESS v3.4; Hayes, 2017) were performed to examine

whether BMI, age, duration of illness, or time between pre-assessment

and post-assessment influenced the effects on ERA and eating disorder

symptoms.

3 | RESULTS

3.1 | Sample characteristics at pre-assessment

The two groups did not differ in any variable at pre-assessment

(Table 1), indicating that randomization was successful. In addition,

groups neither differed regarding the length of time between pre-

assessment and post-assessment (MTERA = 3.65 days, SDTERA = 1.10,

MControl = 4.50, SDControl = 2.71, t(38) = −1.30, p = .20) nor regarding

the use of psychotropic medication (TERA: 45%, control group: 40%,

χ2(1) = 0.10; p = .75).

3.2 | Effects of TERA on emotion recognition

3.2.1 | GERT total score

There was no significant main effect of group, F(1, 38) = 1.83, p = .19,

but a significant main effect of time, F(1, 38) = 72.19, p < .001

(Table 2). In support of our hypothesis, this main effect of time was

qualified by a significant group × time interaction effect, F

(1, 38) = 16.70, p < .001, indicating that the magnitude of change dif-

fered between groups. This significant interaction effect was followed

up by separate paired samples t-tests for each of the groups. Both

groups showed a significant increase in GERT scores from pre-

assessment to post-assessment, tTERA(19) = 8.07, pTERA < .001,

tControl(19) = 3.52, pControl = .002, with a large effect size (dTERA = 1.81)

in the TERA group and a medium effect size (dControl = 0.78) in the

control group.

3.2.2 | GERT single emotion categories

We found significant group × time interaction effects for GERT scores

for the following emotions: disgust, pleasure, anger, joy, despair,

TABLE 1 Sample characteristics at pre-assessment

TERA group

(n = 20)

Control
group

(n = 20) Test statistic

Age (years) 23.35 (8.54) 21.05 (5.40) t(38) = 1.02, p = .32

Education (years) 12.78 (3.05) 11.50 (2.08) t(38) = 1.55, p = .13

Illness duration

(years)

4.29 (4.03) 4.45 (4.59) t(38) = −0.12, p = .91

AN restricting

subtype (%)

55.0 70.0 χ2(1) = 0.99, p = .32

BMI (kg/m2) 15.79 (2.21) 16.02 (2.03) t(38) = −0.34, p = .74

EDE-Q8 3.31 (1.67) 3.40 (1.80) t(38) = −0.16, p = .87

GERT-total 0.68 (0.10) 0.69 (0.06) t(38) = −0.63, p = .53

Note: Data are means and SDs or percent.

Abbreviations: AN, anorexia nervosa; BMI, body mass index; EDE-Q8, eat-

ing disorders examination questionnaire-8; GERT, Geneva emotion recog-

nition test; TERA, training of emotion recognition abilities.
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surprise, and relief (Table 2), indicating that the magnitude of change

in the ability to recognize these emotions differed between groups.

Separate paired samples t-tests for each of the groups revealed that

both groups significantly improved in their ability to recognize disgust

and pleasure (all p ≤ .03). However, only patients in the TERA group

showed improvements regarding their ability to recognize anger, joy,

despair, surprise, and relief, all p ≤ .02.

3.3 | Effects of TERA on eating disorder symptoms

3.3.1 | Eating disorder examination
questionnaire-8

We observed no significant main effect of group, F(1, 38) = 0.55,

p = .46, but a significant main effect of time on EDE-Q8 scores, F

(1, 38) = 10.98, p = .002, indicating that both groups showed lower

EDE-Q8 scores after the training. In support of our hypothesis, this

main effect of time was qualified by a significant group × time interac-

tion effect, F(1, 38) = 7.17, p = .01, indicating that the magnitude of

change differed between groups. This interaction effect was followed

up by separate paired samples t-tests for each of the groups. Whereas

patients in the TERA group showed a significant reduction in EDE-Q8

scores, t(19) = 3.58, p = .002, d = 0.80, patients in the control group

did not, t(19) = 0.58, p = .57, d = 0.13.

3.3.2 | Body mass index

There was no significant main effect of group, F(1, 37) = 0.03, p = .86,

but a significant main effect of time, F(1, 37) = 41.15, p < .001, indicat-

ing that both groups gained a significant amount of weight. However,

we found no significant group × time interaction, F(1, 37) = 0.17,

p = .68, indicating that the magnitude of change in BMI was compara-

ble in both groups.

3.4 | Moderator analyses

Exploratory moderator analyses revealed no moderating effects of

BMI, age, duration of illness, or time between pre-assessment and

post-assessment on the relationship between group assignment and

GERT scores or EDE-Q8 scores at post-assessment, all p > .07, when

controlling for pre-assessment scores in these variables.

4 | DISCUSSION

The primary aim of the present experimental proof-of-concept study

was to examine whether ERA can be improved by a brief computer-

ized training in patients with AN. The secondary aim of the study was

to isolate ERA as a potential key process in AN in order to investigate

TABLE 2 Descriptive statistics and group comparisons on outcome measures

Pre-assessment Post-assessment

Test statisticTERA group (n = 20) Control group (n = 20) TERA group (n = 20) Control group (n = 20)

M SD M SD M SD M SD Group × time p

BMI (kg/m2) 15.79 2.21 16.02 2.03 16.05 2.33 16.16 2.02 F(1,37) = 0.17 .68

EDE-Q8 3.31 1.67 3.40 1.80 2.61 1.65 3.33 1.90 F(1,38) = 7.17 .01

GERT

Total 0.68 0.10 0.69 0.06 0.82 0.09 0.74 0.06 F(1,38) = 16.70 <.001

Anxiety 1.33 0.38 1.22 0.41 1.96 0.74 1.53 0.37 F(1,38) = 2.15 .05

Disgust 1.78 0.75 1.84 0.59 2.66 0.53 2.22 0.67 F(1,38) = 4.57 .04

Pleasure 1.85 0.40 1.91 0.48 2.62 0.56 2.18 0.64 F(1,38) = 8.68 .005

Anger 1.77 0.55 1.90 0.49 2.54 0.64 2.08 0.48 F(1,38) = 7.07 .01

Irritation 1.33 0.44 1.36 0.46 1.57 0.51 1.44 0.48 F(1,38) = 0.84 .36

Fear 1.93 0.57 1.91 0.47 2.34 0.64 2.23 0.54 F(1,38) = 0.18 .67

Sadness 1.79 0.63 1.66 0.72 2.08 0.80 1.86 0.58 F(1,38) = 0.11 .74

Joy 1.44 0.57 1.57 0.45 2.16 0.47 1.70 0.32 F(1,38) = 10.33 .003

Despair 1.34 0.58 1.32 0.39 1.93 0.80 1.33 0.46 F(1,38) = 7.18 .01

Pride 1.52 0.63 1.50 0.36 2.12 0.54 1.81 0.56 F(1,38) = 2.10 .16

Surprise 0.97 0.40 1.18 0.42 1.34 0.64 1.09 0.53 F(1,38) = 9.60 .004

Amusement 2.09 0.48 2.05 0.52 2.41 0.49 2.23 0.62 F(1,38) = 0.46 .50

Relief 1.93 0.57 2.09 0.54 2.71 0.58 2.28 0.74 F(1,38) = 7.68 .009

Interest 1.32 0.54 1.41 0.63 1.54 0.40 1.39 0.45 F(1,38) = 1.52 .23

Note: At post-assessment the BMI data of one participant of the control group was lost, reducing the sample size of the control group to n = 19.

Abbreviations: BMI, body mass index; EDE-Q8, eating disorders examination questionnaire; GERT, Geneva emotion recognition test; TERA, training of

emotion recognition abilities.
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its unique influence on AN symptoms. Inpatients with AN received a

single-session training of either ERA (TERA) or a sham training. All

patients showed improvements in ERA, reductions in self-reported

eating disorder symptoms and increases in BMI after the training.

Importantly, however, patients who received TERA showed greater

improvements in ERA and self-reported eating disorder symptoms

than patients who received sham training. This suggests that ERA can

be effectively trained in patients with AN, and that difficulties in ERA

may contribute to the maintenance of AN. Taken together, these pre-

liminary findings suggest that specific, computerized trainings of ERA

hold promise as an additional component in AN treatment.

4.1 | Effects of TERA on ERA

Previous research found that ERA can be improved in clinical sam-

ples, such as schizophrenia (Russell, Chu, & Phillips, 2006; Russell,

Green, Simpson, & Coltheart, 2008), body dysmorphic disorder

(Buhlmann, Gleiß, Rupf, Zschenderlein, & Kathmann, 2011), and

children with autism spectrum disorder (Berggren et al., 2018;

Golan et al., 2010). This is the first study to investigate whether

ERA can be trained in patients with AN. As expected, patients who

received TERA showed greater improvements in overall ERA and,

beyond that and in contrast to patients in the control group, also

specifically improved in the recognition of certain emotions

(i.e., anger, joy, despair, surprise, and relief ). Hence, this is first evi-

dence that this specific training is not only effective to improve

ERA in healthy adults (Schlegel et al., 2017) but also in a clinical

sample. Moreover, it seems as it is similarly effective in patients

with AN as in healthy individuals, given the exact same amount of

improvement in GERT scores (12%) in this study and in a previous

study in healthy individuals (Schlegel et al., 2017). The effects of

TERA were not moderated by age, duration of illness, or BMI at

baseline, indicating that TERA works equally well for a relatively

broad range of patients with AN.

The fact that all patients, irrespective of group affiliation,

increased their ERA can be explained by familiarity and practice

effects as the GERT was used twice, at pre-assessment and post-

assessment. This is in line with previous research (Bänziger,

Grandjean, & Scherer, 2009 Bänziger et al., 2012; Schlegel et al.,

2017) indicating that repeated presentation even without feedback

can increase performance due to increasing familiarity with the task,

with the emotion categories, and with the associated nonverbal

expressions. Although the magnitude of improvement in the control

group (d = 0.78) may appear surprising, it is actually not that large if

one considers that it reflects only 5% more correct responses

(as compared to 12% in the TERA group), which is in line with a previ-

ous study in healthy volunteers in which a significant improvement of

6% was observed, in absence of any intervention and with a pre-post

time interval of 4 weeks (Schlegel et al., 2017). Also, all patients knew

that the study investigated a training of emotion recognition. Possibly,

this knowledge has spurred participants to perform well in the tasks,

leading to enhanced ERA in all patients.

Future research regarding the enhanced recognition of specific

emotions might be fruitful as some emotions may play a more crucial

role in AN, for example, disgust sensitivity (Aharoni & Hertz, 2012),

anger (Harrison, Genders, Davies, Treasure, & Tchanturia, 2011; Waller

et al., 2003), or anxiety (Lloyd, Haase, Foster, & Verplanken, 2019).

4.2 | Effects of TERA on eating disorder symptoms

If emotions of others are not decoded precisely, dysfunctional social

interactions might be triggered, leading to uncertainty, aversive feel-

ings of guilt, shame and anxiety, and thus intensify AN behavior to

regulate just these. Misinterpretation of another person's negative

feelings might result in interpersonal distress, whereas mistaking

another person's positive feelings might entail missing out on positive

interpersonal experiences. Thus, the second focus of the study was to

explore whether TERA leads to short-term changes in AN symptoms,

which would provide proof-of-concept support for the importance of

ERA in the maintenance of AN (Field et al., 2019; Jansen, 2016).

Groups did not differ in terms of weight gain, which is not surprising

given the short period of time examined in this study and given that

all participants received inpatient treatment with highly structured

meal plans. However, participants who received TERA showed

greater short-term improvements in self-reported eating disorder

symptoms. Given that this was a single-session training and that the

assessment period was rather short, this effect is quite astonishing.

If one tentatively assumes that this effect was not just due to

demand effects, it suggests that ERA is indeed a maintenance factor

in AN. In the following, we purposely go beyond our data in order to

present some specific hypotheses about processes that may have

been initiated by TERA and that should be further tested in future

studies. There might have been several ways in which enhanced ERA

contributed to short-term reductions in AN symptoms. During inpa-

tient treatment, study participants frequently engage in social inter-

actions with many other patients, therapists, and their caregivers. If

patients realize through enhanced ERA that others do not hold as

many negative feelings toward them as previously suspected, this

might lead to reduced negative emotions and thus to a reduced drive

to use restrictive eating to regulate aversive emotions. In addition,

enhanced ERA might also enable patients to recognize actual nega-

tive feeling in others more precisely, giving them the opportunity to

respond more adequately to these situations and to other people's

needs. This in turn might contribute to faster resolutions of social

conflicts and reduced interpersonal distress. Consequently, the drive

to use restrictive eating as maladaptive emotion regulation might

also be reduced. Beyond that, patients who recognize (through

enhanced ERA) that others have in fact positive feelings about them

might experience social interactions as more rewarding, which may

again decrease the need to utilize AN behavior to control aversive

emotions. However, given the limitations of this study (see below),

the results have to be interpreted with caution and replication of the

results including further measures are needed before such conclu-

sions can be drawn with greater certainty.
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Existing treatment programs for AN, such as MANTRA (Schmidt,

Wade, & Treasure, 2014), focal psychodynamic psychotherapy, and

enhanced cognitive behavioral therapy (CBT-E; Zipfel et al., 2014),

already include aspects of socioemotional functioning. However,

these approaches do not specifically address the ability to infer emo-

tions from nonverbal cues and do not involve specific training on

that. Recent models of AN underscore the importance of social cog-

nition deficits including impaired emotion recognition in AN

(Harrison et al., 2010; Harrison, Tchanturia, Naumann, &

Treasure, 2012). Such deficits are considered to be both a precursor

and maintenance factor for AN (Harrison et al., 2010; Kothari

et al., 2015; Oldershaw et al., 2010), and to be further corrupted by

self-starvation and weight loss through blunting of emotional

processing (Brockmeyer et al., 2012, 2013, 2019; Kaye et al., 2003).

Implementing specific trainings of ERA such as TERA as an add-on to

existing treatment programs could be a promising avenue to improve

treatment outcome in AN (if the findings of the present study can be

replicated).

4.3 | Limitations

The present study has some limitations. The sample in the current

study was limited to relatively severe inpatients with a long average

illness duration. This limits the generalization of the results to a wider

spectrum of patients with AN. Thus, replication of the study in larger,

more heterogeneous samples, including outpatients is required.

Blinding of participants was not possible. Consequently, confounding

effects of social desirability and demand effects cannot be ruled out

(Adair, 1984). However, this does not apply to the GERT which is a

performance-based test (similar to cognitive intelligence tests) and

not a self-report measure (Schlegel et al., 2014). An increased motiva-

tion to perform better (e.g., due to social desirability) in such a test is

unlikely to result in better scores because it does not increase partici-

pants' actual ability to detect the correct answers (Hall, Blanch

et al., 2009).

In addition, only short-term effects on AN symptoms were

assessed in this proof-of-concept study. Future studies should involve

follow-up assessments. For instance, Schlegel et al. (2017) found that

TERA effects persisted over 4 weeks in healthy participants. Eating

disorder symptoms were only measured via an adapted version of the

EDE-Q8 (Kliem et al., 2016) and the patients' BMI. Future studies may

also involve further measures such as a laboratory meal in which calo-

ric intake is measured.

The video clips used in the GERT partially overlapped with those

used in the TERA (Schlegel et al., 2014). Moreover, as we used only

the GERT (Schlegel et al., 2014) to assess ERA, it is uncertain to what

extent patients are able to transfer improved ERA to daily social life in

a real-world context. Future studies may therefore additionally use

further stimuli, a different performance test, self-report measures, or

behavior observation (including analyses of actual social interactions

in which affect, conflict resolution, and related constructs are coded)

to test for transfer effects. However, Schlegel et al. (2017) found

transfer effects of TERA to different ERA tests (Nowicki, 2006;

Scherer & Scherer, 2011) and social interactions (Schlegel &

Hall, 2019), indicating that TERA improves real-life ERA in healthy

participants. The simultaneous training of multiple nonverbal channels

(face, voice, body) in the TERA might facilitate its transferability to

real-life situations.

The stimuli and the variety of emotions that are presented con-

tribute to the GERT's ecological validity and thus represent a clear

strength of the study. In addition, by following the same structure and

time span like the real treatment, the cloud control training consti-

tuted an aligned comparator. Further strengths include the random-

ized controlled study design as well as the study's power due to the

adequate sample size.

5 | CONCLUSIONS

The present study provides preliminary evidence that TERA is a brief

and effective single-session training of ERA that can improve ERA in

patients with AN. In addition, the findings suggest that ERA plays a

causal role in the maintenance of AN. Depending on the replication of

the findings of this study, TERA might represent a useful add-on mod-

ule to existing treatment programs for AN. Further studies using a

broader range of ERA assessments and a longer follow-up interval in

larger, more diverse samples are required.
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