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Abstract

Background

Problems with social-emotional processing are known to be an important contributor to the

development and maintenance of eating disorders (EDs). Diminished facial communication

of emotion has been frequently reported in individuals with anorexia nervosa (AN). Less is

known about facial expressivity in bulimia nervosa (BN) and in people who have recovered

from AN (RecAN). This study aimed to pilot the use of computerised facial expression analy-

sis software to investigate emotion expression across the ED spectrum and recovery in a

large sample of participants.

Method

297 participants with AN, BN, RecAN, and healthy controls were recruited. Participants

watched film clips designed to elicit happy or sad emotions, and facial expressions were

then analysed using FaceReader.

Results

The finding mirrored those from previous work showing that healthy control and RecAN par-

ticipants expressed significantly more positive emotions during the positive clip compared to

the AN group. There were no differences in emotion expression during the sad film clip.

Discussion

These findings support the use of computerised methods to analyse emotion expression in

EDs. The findings also demonstrate that reduced positive emotion expression is likely to be

associated with the acute stage of AN illness, with individuals with BN showing an intermedi-

ate profile.
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Introduction

Facial expressions are part of body language and important social signals, which play a crucial

role in social communication and interaction [1]. Communicating positive emotion contrib-

utes to social relationships, signalling social integration, and facilitating cooperation and affili-

ation [1]. Expressing negative emotions can also have a positive impact on the maintenance of

social relationships, through increasing intimacy in relationships and eliciting others’ willing-

ness to offer help and support [2]. Moreover, expression of negative emotions may have sub-

jective benefits, reducing physiological arousal during exposure to negative emotional stimuli

[3].

Difficulties in social-emotional communication have been documented in eating disorders

(ED) and are believed to contribute to the development and maintenance of disordered eating

[4]. Specifically, it has been proposed that individuals with anorexia nervosa (AN) perceive

emotions as a threat [5], and behaviours such as dietary restriction or excessive exercise may

help them to avoid distressing emotions and to provide a sense of control [6, 7]. Thus, the ED

would function as a maladaptive emotion regulation strategy numbing the expression of emo-

tions, which leads to social isolation and family conflicts [4, 8]. Despite lack of theoretical

framework, based on behavioural findings similar maladaptive coping mechanisms are likely

to be present in other forms of ED.

A recent meta-analysis found that relative to healthy individuals, people with AN displayed

less positive facial affect with a large effect size in response to a variety of positive stimuli, rang-

ing from pure emotion to short clips extracted from famous films [9]. Similarly, relative to

healthy individuals, people with AN also displayed less congruent facial affect with a medium

effect size in response to negative emotional stimuli [9]. Still, the studies included in the meta-

analyses did not report significant differences between healthy control (HC) and AN groups in

subjective positive and negative affect reported after exposure to the emotional stimuli [10–

13]. Thus, there appears to be converging evidence demonstrating that people with AN have

reduced facial expressivity of emotions while viewing emotionally provoking stimuli [9].

Emotion expression has been less studied in people with bulimia nervosa (BN) [11, 14, 15].

For example, Tárrega, Fagundo (15) have investigated emotional facial affect in response to

a therapeutic video game, designed to target emotion regulation in general irrespective of

valence [15]. Results reported that the BN group displayed significantly more negative facial

affect than HC participants during the game [15]. Another similar study investigating sponta-

neous facial expressions in patients with BN and binge eating disorder during the same com-

puter game, found that the patients expressed significantly less positive and negative facial

affect than HCs [16]. Other studies investigating expression of positive and negative emotion

in people with BN have found no differences between BN and HC participants in spontaneous

positive and negative facial expressions in response to emotional film clips or during verbal

expression of emotions when asked to talk about positive and negative emotional experiences

[11, 14]. Together, these findings suggest that there is currently little certainty about anomalies

in facial expressivity in BN.

Even fewer studies thus far have investigated expression of facial affect among people who

have recovered from AN. These studies have reported no significant differences between recov-

ered and HC participants in expression of positive or negative affect in response to emotionally

provoking film clips [17, 18]. However, further research is required to gain a clear understand-

ing of emotion expression in different forms of ED and different stages of recovery.

Most of the studies in eating disorders have examined emotion expression utilising manual

coding systems, such as the Facial Expression Coding System [19]. However, such manual cod-

ing methods require extensive training, are labour-intensive, time consuming and potentially

Facial expressivity in eating disorders

PLOS ONE | https://doi.org/10.1371/journal.pone.0178972 June 2, 2017 2 / 13

underpinning aetiology of self harm and eating

disorders. The funders had no role in study design,

data collection and analysis, decision to publish, or

preparation of the manuscript.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0178972


problematic for interrater reliability [19, 20]. Additionally, manual coding can be confounded

by human error and bias. The use of more physiological techniques such as facial electromyog-

raphy (EMG), on the other hand, can be obstructive as it requires electrodes to be placed on

the participants’ skin. Furthermore, as facial EMG records electrical signal from muscle fibres

it can be confounded by muscle movements that are not related to emotional facial expressions

arising from speech, muscle fatigue, or other activities and responses [21–23]. Using comput-

erised automated facial affect recognition software that can classify facial expressions from still

images and video and provide information about the intensity of the emotion expressed can be

methodologically and ecologically more sound and robust [24]. To our knowledge few studies

have thus far employed such technology to investigate anomalies in emotion expression in ED.

The aim of the current study was to pool together data from previous studies [11, 12, 17, 25,

26] as well as new and unpublished data in order to create a large dataset relating to emotion

expression in people with ED across the diagnostic spectrum and stage of recovery. With this

large dataset, we aimed to pilot the use of a computerised facial expression analysis software,

the FaceReader, in ED. Based on previous work outlined above, we hypothesised that people

with current ED would display less facial affect while viewing emotionally provoking stimuli

compared to HC participants and people recovered from AN.

Method

Participants

Two hundred and ninety-seven participants were recruited between 2009 and 2016. The ED

participants included 100 people with AN and 33 people with BN. The patient group was

recruited from the South London and Maudsley NHS Foundation Trust clinical services and

through adverts posted on ED charity websites (Beat and Succeed) and a university campus.

All ED participants had been diagnosed by clinicians and met the diagnostic criteria outlined

in the DSM-5. Diagnoses were confirmed with the research version of the Structured Clinical

Interview for DSM-5 [27]. Thirty-eight people recovered from AN (RecAN) and 126 HC par-

ticipants were recruited from the community through adverts posted on ED charity websites

(Beat and Succeed) and amongst King’s College London students and staff, and the local com-

munity. Recovery was defined as having had a past diagnosis of AN, currently having a healthy

BMI (18.5–25.0) and not reporting eating disorder symptoms. Participants were excluded

from the study if they were male, were diagnosed with neurological disorders, or had a history

of or current alcohol or drug abuse. Additionally, HC participants were excluded if they had a

history of, or a current diagnosis of, a psychiatric disorder or were taking regular medication.

A total of 55% of the AN participants, 25% of the BN participants, and 32% of the RecAN par-

ticipants were taking psychotropic medication. All participants gave written informed consent

before taking part and all procedures were conducted in accordance with the latest version of

the Declaration of Helsinki and were approved by the Camberwell St Giles NRES, Oxfordshire

NRES, West London NRES, London Dulwich NRES, and South London and Maudsley NHS

research ethics committees (Ethical approval numbers: 13/LO/0201; 08/H0606/58; 12/LO/

2015; 14/LO/0128).

Self-report questionnaire measures

The Eating Disorders Examination Questionnaire (EDEQ) is a 36-item self-report assessment

of eating disorder psychopathology [28]. In addition to a global score the EDEQ also provides

an assessment of restraint, eating concern, weight concern, and shape concern over the past 28

days.

Facial expressivity in eating disorders
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The studies from which the data was acquired used two different self-report measures to

assess depression and anxiety: the Hospital, Anxiety and Depression Scale (HADS) and the

Depression, Anxiety and Stress Scale (DASS). The HADS is a 14-items self-report assessment

of feelings of anxiety and depression experienced over the past over the past week [29]. The

DASS is a 21-item self-report assessment of depression, anxiety, and stress experienced over

the past week [30].

The film task

During the film task participants were presented with two video clips lasting 2–2.5 minutes

each, during which time they were filmed with a small video camera. The first film clip, Film 1,

featured a humorous scene from the film Four weddings and a funeral (1994) and was used to

evoke positive emotions. The second film clip, Film 2, featured a sad scene from the film Sha-
dowlands (1999) and was used to evoke negative emotions, particularly sadness. A manipula-

tion check was conducted as a part of the statistical analysis, to ensure the film clips elicited the

intended emotions as opposed to the opposite emotions. The two film clips were presented in

a fixed order. To reduce carry-over effects from one film clip to the other, the clips were sepa-

rated by a brief clip featuring computer generated waves lasting 30 seconds (for more details

Davies, Schmidt (25)).

Noldus FaceReader

The Noldus FaceReader (Noldus Information Technology b.v., www.noldus.com) is a facial

analysis program, which detects emotional facial expressions in film and photographs. The

FaceReader can detect six basic emotions, happiness, sadness, anger, fear, surprise, and disgust,

as well as neutral states. The FaceReader can also analyse valence of facial expressions as well

as general state of arousal. The video stimuli are analysed frame-by-frame detecting the inten-

sity to which each of the six basic emotions are expressed on a scale from 0 to 1, where 0 indi-

cates the emotion is not present and 1 indicates maximum intensity. In the current study we

focused on emotions the film clips were designed to elicit, happiness and sadness.

Prior to analysis, all videos were calibrated to each participant’s own neutral expression to

achieve the most accurate results. The videos were then analysed using the batch analysis

mode, which analyses each video sequentially without need for supervision.

Data source

The video recordings were pooled from datasets of previously published studies [11, 12, 17, 25,

26]. In addition to including published data, previously unpublished data from these studies

was also included. The unpublished data constituted 43% of the present dataset. This data was

not published as part of the above studies for a variety of reasons, including having been only

recently collected and not meeting sample size requirements alone.

Statistical analysis

All data was analysed with Stata 14 (Stata Corp.). Group differences in questionnaire data were

investigated with non-parametric median chi-squared test. Prior to analysis, the raw anxiety

and depression scores from DASS and HADS questionnaires were converted into standardised

z-scores. Significance was set at p< 0.05.

Prior to statistical analysis all facial expression proportion data was transformed out of the

fixed range between 0 and 1 with the arcsine transformation to allow further analysis. Facial

expression data was then entered into mixed effects linear model with 1000 bootstrap repetitions

Facial expressivity in eating disorders
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using the mixed command. Group (HC, AN, BN, RecAN) and film (Film 1, Film 2) were entered

as fixed effects with a random intercept. Significant effects and interactions were further explored

with post-hoc contrasts and pairwise comparisons. Confidence intervals in the post-hoc pairwise

comparisons were adjusted for multiple comparisons with the Bonferroni method using the

mcompare(bonferroni) command.

Additionally, relationships between expressions of happiness and sadness, and BMI, eating

disorder psychopathology as measured on the EDEQ, anxiety, and depression were investi-

gated with the non-parametric spearman’s rho correlation. Confidence intervals in the correla-

tion analyses were adjusted for multiple comparisons with the Bonferroni method using the

bonferroni command.

Results

Clinical and demographic characteristics

The sample clinical and demographic characteristics are presented in Table 1. As expected,

there was a significant difference between the groups in BMI, ED psychopathology, anxiety,

and depression.

Expressions of happiness

The intensity of expressions of happiness during Film 1 and Film 2 are presented in Fig 1. The

manipulation check confirmed that all participants expressed significantly more happiness in

response to Film 1 than Film 2 (Table 2).

There was also a significant effect of group and a significant film by group interaction

(Table 2). The interaction was further explored by investigating differences between groups

within each film condition. There was a significant difference between groups in expressions

of happiness only during Film 1 (Χ2 = 42.95, p< 0.001), but not during Film 2 (Χ2 = 0.63,

p = 0.889). Pairwise comparison revealed that HC participants expressed significantly more

happiness than AN (Z = 6.28, p< 0.001, 95% CI [0.09, 0.23]) during Film 1. Similarly, the

RecAN participants expressed significantly more positive affect than AN participants during

Film 1 (Z = 3.95, p< 0.001, 95% CI [0.05, 0.25]). The difference between BN and AN groups

(Z = 2.46, p = 0.082, 95% CI [-0.01, 0.22]), approached significance. There were no significant

differences between HC and BN group (Z = 1.38, p = 1.000, 95% CI [-0.05, 0.17]), HC and

RecAN participants (Z = 0.34, p = 1.000, 95% CI [-0.09, 0.11]) or RecAN and BN participants

(Z = 0.89, p = 1.000, 95% CI [-0.09, 0.18]) in expressions of happiness while viewing Film 1.

The confidence intervals were adjusted for multiple comparisons using the Bonferroni

method.

Expressions of sadness

The intensity of expressions of sadness during Film 1 and Film 2 are presented in Fig 2. The

manipulation check confirmed that all participants expressed more sadness while viewing

Film 2 than Film 1 (Table 2). There were no other significant effects of interactions.

Correlations between facial expressions and clinical variables

Correlations between expressions of happiness and sadness, and BMI, eating disorder psycho-

pathology, anxiety, and depression are presented in S1 Table. The confidence intervals were

adjusted for multiple comparisons using the Bonferroni method. The analysis revealed no sig-

nificant correlations.

Facial expressivity in eating disorders
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Discussion

The aim of the present study was to pilot the use of automated facial expression analysis soft-

ware in a large group of people with ED and HC participants. The present study showed that

relative to HC and RecAN participants, people with AN displayed less positive facial affect, hap-

piness, in response to the humorous film clip. Additionally, there were trend level differences

between the BN and AN participants in expression of positive affect during the humorous film

clip. There were no significant group differences in facial expressivity while viewing the sad

film. Finally, the present findings show that automated facial expression analysis software is a

useful tool investigating expressions in facial affect in healthy and in clinical populations.

The findings from the automated facial expression analysis are in line with previous work

showing that relative to RecAN and HC participants, people with AN show attenuation of

Table 1. Sample clinical and demographic characteristics.

AN (N = 100) Median

[Q1,Q3]

BN (N = 33) Median

[Q1,Q3]

RecAN (N = 38) Median

[Q1,Q3]

HC (N = 126) Median

[Q1,Q3]

Group differences: Χ2 statistic,

p value

BMI 15.02 [13.5, 17.02] 20.00 [19.00, 21.10] 19.90 [19.00, 21.70] 21.45 [20.20, 23.81] AN vs. BN: Χ2 = 23.87, p < 0.001

AN vs. RecAN: Χ2 = 33.18,

p < 0.001

AN vs. HC:Χ2 = 135.22, p < 0.001

BN vs. RecAN: Χ2 = 0.01,

p = 0.920

BN vs. HC: Χ2 = 4.13, p = 0.042

RecAN vs. HC: Χ2 = 1.57,

p = 0.210

EDEQ total 4.19 [3.16, 5.00] 4.45 [2.88, 5.34] 1.11 [0.63, 2.04] 0.60 [0.22, 1.02] AN vs. BN: Χ2 = 0.19, p = 0.663

AN vs. RecAN: Χ2 = 26.28,

p < 0.001

AN vs. HC: Χ2 = 116.56,

p < 0.001

BN vs. RecAN: Χ2 = 19.57,

p < 0.001

BN vs. HC: Χ2 = 32.97, p < 0.001

RecAN vs. HC: Χ2 = 9.58,

p = 0.002

Anxiety 0.66 [0.23, 1.64] 0.39 [-0.09, 0.84] -0.39 [-0.77, 0.10] -0.80 [-1.01, -0.60] AN vs. BN: Χ2 = 2.12, p = 0.145

AN vs. RecAN: Χ2 = 17.45,

p < 0.001

AN vs. HC: Χ2 = 116.97,

p < 0.001

BN vs. RecAN: Χ2 = 9.08,

p = 0.003

BN vs. HC: Χ2 = 36.80, p < 0.001

RecAN vs. HC: Χ2 = 13.24,

p < 0.001

Depression 0.79 [0.23, 1.37] 0.42 [0.01, 1.03] -0.52 [-0.70, -0.33] -0.70 [-0.90, -0.56] AN vs. BN: Χ2 = 2.25, p = 0.134

AN vs. RecAN: Χ2 = 21.85,

p < 0.001

AN vs. HC: Χ2 = 126.28,

p < 0.001

BN vs. RecAN: Χ2 = 18.04,

p < 0.001

BN vs. HC: Χ2 = 35.11, p < 0.001

RecAN vs. HC: Χ2 = 8.83,

p = 0.003

AN = anorexia nervosa; BN = bulimia nervosa; REC = recovered from anorexia nervosa; EDEQ = Eating Disorder Examination Questionnaire

https://doi.org/10.1371/journal.pone.0178972.t001
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positive facial affect in response to a variety of emotionally provoking stimuli [9]. Additionally,

the present results also replicate previous findings that reduced facial expressivity may be part

of acute illness and possibly exaggerated by starvation [17, 18]. One possible interpretation of

these findings is that reduced expression in the acute stage of illness is part of maladaptive emo-

tion regulation based on avoidance and suppression. Indeed, relative to healthy individuals,

people with acute AN report greater tendency to rely on emotion avoidance and suppression [6,

31]. Furthermore, a recent systematic review found that people recovered from AN were similar

to HCs, reporting less emotion avoidance and suppression than those with acute AN [31].

Another possible interpretation is that people with acute AN may express less positive affect

due to reduced interest and desire to seek positive emotional experiences [32–34]. Previous

studies have found that relative to HCs, people with acute AN report more social anhedonia,

which correlated highly with eating disorder psychopathology, and elevated incidence of autis-

tic symptoms [32, 33, 35, 36]. Qualitative studies have also found that people with AN report

limited friendship networks and poor friendship quality [37, 38]. Additionally, behavioural

studies have found that people with acute AN show attentional avoidance of positive emotional

stimuli, and report low perceived social rank and increased external shame [39–41].

Fig 1. The intensity of expressions of happiness during Film 1 and Film 2. A: The intensity of expressions of happiness during Film

1; B. The intensity of expressions of happiness during Film 2. The box plot represents summary statistic, highlighting the median and

interquartile range with minimum and maximum. The grey dots represent each individual data point. AN = anorexia nervosa, BN = bulimia

nervosa, RecAN = recovered from anorexia nervosa, HC = healthy comparison.

https://doi.org/10.1371/journal.pone.0178972.g001

Table 2. The intensity of expressions of happiness and sadness during Film 1 and Film 2 within the AN, BN, RecAN, and HC groups.

Emotion Film clip AN (N = 100) Mean

(SD)

BN (N = 33) Mean

(SD)

RecAN (N = 38) Mean

(SD)

HC (N = 126) Mean

(SD)

Χ2 statistic, p value

Happiness Film 1 0.13 (0.16) 0.21 (0.20) 0.25 (0.22) 0.24 (0.19) Film: Χ2 = 218.39, p < 0.001

Group: Χ2 = 27.98, p < 0.001

Film x group: Χ2 = 26.63,

p < 0.001

Film 2 0.05 (0.09) 0.03 (0.04) 0.05 (0.10) 0.04 (0.08)

Sadness Film 1 0.02 (0.07) 0.04 (0.07) 0.01 (0.03) 0.03 (0.06) Film: Χ2 = 38.29, p < 0.001

Group: Χ2 = 3.65, p = 0.302

Film x group: Χ2 = 0.02,

p = 0.999

Film 2 0.04 (0.08) 0.06 (0.13) 0.05 (0.08) 0.06 (0.13)

AN = anorexia nervosa; BN = bulimia nervosa; RecAN = recovered from anorexia nervosa; HC = healthy comparison; Film 1 = humorous film clip; Film

2 = sad film clip

https://doi.org/10.1371/journal.pone.0178972.t002
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Interestingly, a recent systematic review found that people who have recovered from AN

report increased desire to seek pleasure in social interactions and relationships, and less sub-

missiveness and tendency to engage in negative social comparisons [31]. Thus, people in the

acute stage of AN may have reduced desire to engage with positive emotionally provoking sti-

muli leading to reduced expression of positive facial affect.

The present findings showed that people with BN displayed marginally more positive facial

affect than the people with AN, but were not significantly different from the HCs. These find-

ings are some way supported by recent systematic reviews, which have reported that both AN

and BN were characterised by emotion dysregulation based on emotion and situation avoid-

ance [31, 42]. However, BN has also been suggested to be characterised by elevated sensation

seeking, urgency, and difficulties in behavioural inhibition during times of distress [42, 43].

Additionally, a large scale cohort study found that BN diagnosis and bulimic symptoms clus-

tered together with mid-to-high incidence of novelty seeking [44]. Interestingly, a recent study

investigating spontaneous facial expression and personality traits in BN and binge eating dis-

order, found increased positive facial expression was positive associated with novelty and

reward seeking, while increased expression on anger was negatively associated with self-direct-

edness [16]. However, it is of note that in the present study the BN participants were not signif-

icantly different from the HCs. Thus, taken together these findings suggest that BN may be

characterised by an intermediate profile, but replication of these findings with a large sample

of people with BN is of importance before firm conclusions are drawn.

Finally, the present study did not find significant differences between the groups in emotion

expression while viewing Film 2. These findings go some way to replicate findings from previous

work showing no significant differences in frequency of negative facial expressions in response

to different, but similarly sad stimuli between people with ED and HC participants [45]. Never-

theless, these findings are in direct contrast with findings from other previous studies [13], sug-

gesting the further exploration of expressions of negative affect in ED would be of interest.

Clinical implications

The present findings add to the wealth of evidence that people with AN show reduced expres-

sion of positive facial affect. Reduced expression of facial affect can have important emotional

Fig 2. The intensity of expressions of sadness during Film 1 and Film 2. A. The intensity of expressions of sadness during Film 1; B.

The intensity of expressions of sadness during Film 2. The box plot represents summary statistic, highlighting the median and interquartile

range with minimum and maximum. The grey dots represent each individual data point. AN = anorexia nervosa, BN = bulimia nervosa,

RecAN = recovered from anorexia nervosa, HC = healthy comparison.

https://doi.org/10.1371/journal.pone.0178972.g002
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and social consequences [3, 46]. One study found that those who were suppressing their emo-

tional responses reported elevated negative affect and had higher blood pressure than those

expressing their emotions [3]. Moreover, a recent behavioural study found that people who were

displaying blunted response to positive emotional stimuli were judged more negatively by the

other participants and increased the other participants’ desire to avoid these individuals [46].

Taken together, the elevated negative mood and social anhedonia, poor social relationships, and

isolation reported by people with ED may be in some way related to blunted facial expressivity

[33, 38].

Thus, the present findings highlight the need for interventions that target emotion expres-

sion in ED, particularly those aimed at increasing the expression of positive affect. These find-

ings may also be useful as psychoeducational material for patients and families, who may

struggle with reduced facial expression in the patient with ED [47]. Additionally, new thera-

peutic approaches and family based interventions, which increasingly build on positive psy-

chology and experimental psychology (e.g. awareness of facial feedback hypothesis, still face

paradigm and other experimental findings), could benefit from taking these findings into

account. Current innovative approaches in emotion coaching facilitate cognitive awareness of

poor social signalling via psychoeducation, experiential exercises, role plays and show promise

[48]. However, these therapeutic developments are still work in progress and there is clear

need for larger clinical trials [48].

The present findings also demonstrate that automated facial expressions analysis software

can be a useful addition in clinical research (e.g. evaluation of outcomes after emotion skills

training). It allows faster, more accurate, and less labour-intensive analysis of expression of

facial affect than manualised versions. Many of the currently available software, including the

FaceReader, can also be used to conduct live analysis. Live analysis may be a useful addition to

provide biofeedback in therapeutic interventions targeting facial expressivity.

Limitations

Regardless of our effort to pull large sample for analysis the main limitation of the present

study was the relatively small RecAN and BN sample sizes, this also reflects general trend in

the literature. In order to gain a better understanding of alterations in emotion expression in

ED, future research may benefit from further investigating expression of facial affect in BN, in

different stages of recovery, and in people who have recovered from ED.

Additionally, the present study focused only on expression of positive affect and sadness.

Previous work has shown that people with ED may have elevated subjective feelings of hostil-

ity, anger, and disgust [31]. Future research may benefit from further exploration of the

expression of these emotions in ED.

Finally, the use of automated facial expressions analysis software, such as the FaceReader, is

not without limitations. To gain reliable results the participant should look frontally or pseudo-

frontally to the camera [49]. Additionally, hats, glasses, certain hairstyles that cover the faces,

heavy facial hair, or anything else that can partially cover the face can cause problems with accu-

rate classification [49]. Further, good lighting conditions, ideally frontal lighting, is essential for

accurate classification [49]. Any shadows and reflections that partially cover the faces can cause

problems [49].

Conclusion

The current study examined facial expressivity in response to positive and negative emotional

film clips in a large dataset of ED, RecAN, and HC participants using computerised automated

facial expression analysis software. The findings revealed that computerised facial expressions
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analysis software to be useful addition to clinical research. Additionally, the findings add to

the steady accumulation of evidence that people with AN show less positive facial affect than

healthy individuals and people recovered from AN. Thus, these findings suggest that in AN

reduced facial affect is associated with acute stage of illness and may play a role in fuelling the

illness by increasing negative affect and social isolation. People with BN, on the other hand,

appear to have an intermediate profile. However, further work is required to elucidate the

atypical facial expression in BN.
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and Implicit Emotional Expression in Bulimia Nervosa in the Acute State and after Recovery. PLOS

ONE. 2014; 9(7):e101639. https://doi.org/10.1371/journal.pone.0101639 PMID: 24987853

16. Giner-Bartolomé C, Steward T, Wolz I, Jiménez-Murcia S, Granero R, Tárrega S, et al. The Influence of

Personality Traits on Emotion Expression in Bulimic Spectrum Disorders: A Pilot Study. European Eat-

ing Disorders Review. 2016; 24(4):320–8. https://doi.org/10.1002/erv.2446 PMID: 27028106

17. Davies H, Schmidt U, Tchanturia K. Emotional facial expression in women recovered from anorexia ner-

vosa. BMC Psychiatry. 2013; 13:291–. https://doi.org/10.1186/1471-244X-13-291 PMID: 24200423

18. Dapelo MM, Hart S, Hale C, Morris R, Tchanturia K. Expression of positive emotions differs in illness

and recovery in anorexia nervosa. Psychiatry research. 2016; 246:48–51. https://doi.org/10.1016/j.

psychres.2016.09.014 PMID: 27657803

19. Ekman P, Friesen W, Palo Alto C. Facial action coding system (FACS): A technique for the measure-

ment of facial movement. Consulting Psychologists Press; 1978.

20. Girard JM, Cohn JF, Mahoor MH, Mavadati S, Rosenwald DP, editors. Social risk and depression: Evi-

dence from manual and automatic facial expression analysis. 2013 10th IEEE International Conference

and Workshops on Automatic Face and Gesture Recognition (FG); 2013 22–26 April 2013.

Facial expressivity in eating disorders

PLOS ONE | https://doi.org/10.1371/journal.pone.0178972 June 2, 2017 11 / 13

https://doi.org/10.1177/0146167207311281
http://www.ncbi.nlm.nih.gov/pubmed/18272807
https://doi.org/10.1177/0022022109332845
http://www.ncbi.nlm.nih.gov/pubmed/25505801
https://doi.org/10.1002/erv.2181
http://www.ncbi.nlm.nih.gov/pubmed/22539368
https://doi.org/10.1002/eat.20730
https://doi.org/10.1002/eat.20730
http://www.ncbi.nlm.nih.gov/pubmed/19670226
https://doi.org/10.1002/eat.20040
http://www.ncbi.nlm.nih.gov/pubmed/15558651
http://www.ncbi.nlm.nih.gov/pubmed/26160620
https://doi.org/10.1371/journal.pone.0133827
http://www.ncbi.nlm.nih.gov/pubmed/26252220
https://doi.org/10.1016/j.psychres.2015.08.019
https://doi.org/10.1016/j.psychres.2015.08.019
http://www.ncbi.nlm.nih.gov/pubmed/26323166
https://doi.org/10.1016/j.psychres.2015.12.004
http://www.ncbi.nlm.nih.gov/pubmed/26778369
https://doi.org/10.1016/j.psychres.2014.07.057
https://doi.org/10.1016/j.psychres.2014.07.057
http://www.ncbi.nlm.nih.gov/pubmed/25130780
https://doi.org/10.1002/erv.1157
http://www.ncbi.nlm.nih.gov/pubmed/21948284
https://doi.org/10.1371/journal.pone.0101639
http://www.ncbi.nlm.nih.gov/pubmed/24987853
https://doi.org/10.1002/erv.2446
http://www.ncbi.nlm.nih.gov/pubmed/27028106
https://doi.org/10.1186/1471-244X-13-291
http://www.ncbi.nlm.nih.gov/pubmed/24200423
https://doi.org/10.1016/j.psychres.2016.09.014
https://doi.org/10.1016/j.psychres.2016.09.014
http://www.ncbi.nlm.nih.gov/pubmed/27657803
https://doi.org/10.1371/journal.pone.0178972


21. Diener L, Janke M, Schultz T, editors. Direct conversion from facial myoelectric signals to speech using

Deep Neural Networks. 2015 International Joint Conference on Neural Networks (IJCNN); 2015 12–17

July 2015.

22. Georgakis A, Stergioulas LK, Giakas G. Fatigue analysis of the surface EMG signal in isometric con-

stant force contractions using the averaged instantaneous frequency. IEEE Transactions on Biomedical

Engineering. 2003; 50(2):262–5. https://doi.org/10.1109/TBME.2002.807641 PMID: 12665043

23. Stekelenburg JJ, van Boxtel A. Pericranial muscular, respiratory, and heart rate components of the ori-

enting response. Psychophysiology. 2002; 39(6):707–22. https://doi.org/10.1017/S0048577202010673

PMID: 12462499

24. De la Torre F, Cohn JF. Facial expression analysis. Visual analysis of humans: Springer; 2011. p. 377–

409.

25. Davies H, Schmidt U, Stahl D, Tchanturia K. Evoked facial emotional expression and emotional experi-

ence in people with anorexia nervosa. International Journal of Eating Disorders. 2011; 44(6):531–9.

https://doi.org/10.1002/eat.20852 PMID: 20957704

26. Leppanen J, Cardi V, Ng KW, Paloyelis Y, Stein D, Tchanturia K, et al. Effects of intranasal oxytocin on

interpretation and expression of emotions in anorexia nervosa. J Neuroendocrinol. 2017; 31:31.

27. First MB, Williams J.B.W., Karg R.S., Spitzer R.L. Structured Clinical Interview for DSM-5—Research

Version (SCID-5 for DSM-5, Research Version; SCID-5-RV). Arlington, VA.: American Psychiatric

Association; 2015.

28. Fairburn CG, Beglin SJ. Assessment of eating disorders: Interview or self-report questionnaire? Interna-

tional Journal of Eating Disorders. 1994; 16(4):363–70. PMID: 7866415

29. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta psychiatrica Scandinavica.

1983; 67(6):361–70. Epub 1983/06/01. PMID: 6880820

30. Lovibond PF, Lovibond SH. The structure of negative emotional states: Comparison of the Depression

Anxiety Stress Scales (DASS) with the Beck Depression and Anxiety Inventories. Behaviour Research

and Therapy. 1995; 33(3):335–43. PMID: 7726811

31. Oldershaw A, Lavender T, Sallis H, Stahl D, Schmidt U. Emotion generation and regulation in anorexia

nervosa: A systematic review and meta-analysis of self-report data. Clinical Psychology Review. 2015;

39:83–95. https://doi.org/10.1016/j.cpr.2015.04.005 PMID: 26043394

32. Tchanturia K, Davies H, Harrison A, Fox JRE, Treasure J, Schmidt U. Altered social hedonic processing

in eating disorders. International Journal of Eating Disorders. 2012; 45(8):962–9. https://doi.org/10.

1002/eat.22032 PMID: 22693046

33. Harrison A, Mountford VA, Tchanturia K. Social anhedonia and work and social functioning in the acute

and recovered phases of eating disorders. Psychiatry Res. 2014; 218(1–2):187–94. Epub 2014/04/24.

https://doi.org/10.1016/j.psychres.2014.04.007 PMID: 24755042

34. Tchanturia K, Dapelo MA, Harrison A, Hambrook D. Why study positive emotions in the context of eat-

ing disorders? Current psychiatry reports. 2015; 17(1):537. Epub 2014/11/22. https://doi.org/10.1007/

s11920-014-0537-x PMID: 25413641

35. Westwood H, Eisler I, Mandy W, Leppanen J, Treasure J, Tchanturia K. Using the Autism-Spectrum

Quotient to Measure Autistic Traits in Anorexia Nervosa: A Systematic Review and Meta-Analysis.

Journal of autism and developmental disorders. 2016; 46(3):964–77. Epub 2015/11/07. PubMed Cen-

tral PMCID: PMCPmc4746216. https://doi.org/10.1007/s10803-015-2641-0 PMID: 26542816

36. Westwood H, Mandy W, Tchanturia K. Clinical evaluation of autistic symptoms in women with anorexia

nervosa. Mol Autism. 2017; 8:12. Epub 2017/03/24. PubMed Central PMCID: PMCPmc5356303.

https://doi.org/10.1186/s13229-017-0128-x PMID: 28331571

37. Sharpe H, Schober I, Treasure J, Schmidt U. The role of high-quality friendships in female adolescents’

eating pathology and body dissatisfaction. Eating and weight disorders: EWD. 2014; 19(2):159–68.

Epub 2014/03/29. https://doi.org/10.1007/s40519-014-0113-8 PMID: 24668325

38. Westwood H, Lawrence V, Fleming C, Tchanturia K. Exploration of Friendship Experiences, before and

after Illness Onset in Females with Anorexia Nervosa: A Qualitative Study. PLOS ONE. 2016; 11(9):

e0163528. https://doi.org/10.1371/journal.pone.0163528 PMID: 27676072

39. Cardi V, Di Matteo R, Gilbert P, Treasure J. Rank perception and self-evaluation in eating disorders.

International Journal of Eating Disorders. 2014; 47(5):543–52. https://doi.org/10.1002/eat.22261 PMID:

24549635

40. Troop NA. Social Rank, Rank-Related Life Events and Eating Pathology. European Eating Disorders

Review. 2016; 24(1):75–7. https://doi.org/10.1002/erv.2386 PMID: 26136369

41. Troop NA, Baker AH. The Specificity of Social Rank in Eating Disorder Versus Depressive Symptoms.

Eating Disorders. 2008; 16(4):331–41. https://doi.org/10.1080/10640260802115993 PMID: 18568923

Facial expressivity in eating disorders

PLOS ONE | https://doi.org/10.1371/journal.pone.0178972 June 2, 2017 12 / 13

https://doi.org/10.1109/TBME.2002.807641
http://www.ncbi.nlm.nih.gov/pubmed/12665043
https://doi.org/10.1017/S0048577202010673
http://www.ncbi.nlm.nih.gov/pubmed/12462499
https://doi.org/10.1002/eat.20852
http://www.ncbi.nlm.nih.gov/pubmed/20957704
http://www.ncbi.nlm.nih.gov/pubmed/7866415
http://www.ncbi.nlm.nih.gov/pubmed/6880820
http://www.ncbi.nlm.nih.gov/pubmed/7726811
https://doi.org/10.1016/j.cpr.2015.04.005
http://www.ncbi.nlm.nih.gov/pubmed/26043394
https://doi.org/10.1002/eat.22032
https://doi.org/10.1002/eat.22032
http://www.ncbi.nlm.nih.gov/pubmed/22693046
https://doi.org/10.1016/j.psychres.2014.04.007
http://www.ncbi.nlm.nih.gov/pubmed/24755042
https://doi.org/10.1007/s11920-014-0537-x
https://doi.org/10.1007/s11920-014-0537-x
http://www.ncbi.nlm.nih.gov/pubmed/25413641
https://doi.org/10.1007/s10803-015-2641-0
http://www.ncbi.nlm.nih.gov/pubmed/26542816
https://doi.org/10.1186/s13229-017-0128-x
http://www.ncbi.nlm.nih.gov/pubmed/28331571
https://doi.org/10.1007/s40519-014-0113-8
http://www.ncbi.nlm.nih.gov/pubmed/24668325
https://doi.org/10.1371/journal.pone.0163528
http://www.ncbi.nlm.nih.gov/pubmed/27676072
https://doi.org/10.1002/eat.22261
http://www.ncbi.nlm.nih.gov/pubmed/24549635
https://doi.org/10.1002/erv.2386
http://www.ncbi.nlm.nih.gov/pubmed/26136369
https://doi.org/10.1080/10640260802115993
http://www.ncbi.nlm.nih.gov/pubmed/18568923
https://doi.org/10.1371/journal.pone.0178972


42. Lavender JM, Wonderlich SA, Engel SG, Gordon KH, Kaye WH, Mitchell JE. Dimensions of emotion

dysregulation in anorexia nervosa and bulimia nervosa: A conceptual review of the empirical literature.

Clinical psychology review. 2015; 40:111–22. https://doi.org/10.1016/j.cpr.2015.05.010 PMID:

26112760

43. Fischer S, Smith GT, Cyders MA. Another look at impulsivity: A meta-analytic review comparing specific

dispositions to rash action in their relationship to bulimic symptoms. Clinical psychology review. 2008;

28(8):1413–25. https://doi.org/10.1016/j.cpr.2008.09.001 PMID: 18848741
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