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*Highlights

We explored Duchenne smiles in women with anorexia (AN), bulimia (BN), and
controls (HC).

AN showed Duchenne smiles for shorter durations than BN and HC participants.
AN participants’ Duchenne smiles were less intense than those of BN and HC.
Reduced Duchenne smile was related to low BMI, and use of medication.

Results provide further evidence of difficulties in emotion processing in AN.
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Abstract

A large body of research has associated Eating Disordénsdifficulties in socio-
emotional functioning and it has been argued that they may teemvaintain the illness. This
study aimed to explore facial expressions of positive emotiomgliniduals with Anorexia
Nervosa (AN) and Bulimia Nervosa (BN) compared to heatttwtrols (HC), through an
examination of the Duchenne smile (DS), which has been assdcwith feelings of
enjoyment, amusement and happiness (Ekman et al., 1990). Sixigippats (AN=20;
BN=20; HC=20) were videotaped while watching a humorous film dlee duration and
intensity of DS were subsequently analysed using the Faci@nACoding System (FACS)
(Ekman and Friesen, 2003). Participants with AN displayed DShfarter durations than BN
and HC participants, and their DS had lower intensityhénclinical groups, lower duration
and intensity of DS were associated with lower BMI, and afspsychotropic medication.
The study is the first to explore DS in people with eatingpmdiers, providing further

evidence of difficulties in the socio-emotional domain inge with AN.
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1. Introduction

Facial expressions play a key role in human social interaciuey convey people’s
emotional experience (Ekman, 1992) and are used as soamlssithat communicate
information to others (Fridlund, 1994). They are also essefuralkestablishing rapport
(Tickle-Degnen, 2006), deepening people's sense of connection mmtealtluring social
interaction (Schmidt and Cohen, 2001). In contrast, lack ofalfaexpression can be
interpreted as an attempt to avoid attention in social settiegeoming undetected (Fridlund,
1994). Studies on individuals with limited facial expression indidhat people perceive
them as reserved and unhappy (Tickle-Degnen and Doyle Lyons, ROgdrt et al., 2014)
and report being less interested in establishing friendstgpaiig them (Hemmesch et al.,

2009).

Facial expressions of positive emotions, such as smilinge Heeen related to
cooperative intentions (Schmidt and Cohen, 2001), readiness tmiplaynnect (Fridlund,
1994), and social rewards (Shore and Heerey, 2011). People #sssciding with
happiness, positive intentions (Floyd and Burgoon, 198@) increased sociability

(Matsumoto and Kudoh, 1993).

Early on, Charles Darwin noted that spontaneous smiles waraatérized by the
activation of the muscle that contracts the outer cornereodybbrows (i.e., orbicularis oculi)
producing wrinkles in the corner of the eyes, in addition toztilgomaticus major, which
moves the corner of the lips upwards towards the cheekbones (DaB¥R). This is known
as the Duchenne smile (DS) (Duchenne, 1990; Ekman et al., 1990aV@3een associated
with reports of enjoyment, amusement and happiness (Ekmdn &£820; Ruch, 19958s
well as specific patterns of brain activity (Ekman, 1990vi@son et al., 1990). In contrast,

Non-Duchenne smiles (NDS) do not involve the action of the orlisu&uli, and are not



associated with the experience of positive affect. Whdb&bave shown to evoke positive
emotions in others, promoting positive social interactions anédl weing, NDS do not
(Keltner and Bonanno, 1997: Harker and Keltner, 20@%)ead, NDS may be displayed in a
deliberate attempt to convince others that a positive emddideing felt when it is not
(Ekman and Friesen, 1982), or as a way of signalling anticipaif the possibility of
experiencing enjoyment (Ekman et al.,, 1990), and is often producessponse to social

demands (Hess and Bourgeois, 2010).

Facial expression is part of a coordinated system of emobtiesponses (Levenson,
1994). It has been argued that in people who experience psychallaifitculties, elements
of this system may lack coordination, thus becoming dysfuncti®t@gnberg and Ekman,
1994). Studies in clinical populations have shown differencetenekpression of DS in
response to positive stimuli, compared to healthy controls (HQ).example, individuals
suffering from depression have been found to produce fewer DS wpeseel to positive
stimuli(Ekman et al., 2005) and to show smiles that were followedebgtive affect-related
expressions in response to amusing film clips (Reed et2807). Participants with
schizophrenia display fewer DS when induced to feel positgwveotions through
remembering biographic emotional situations (Kohler et al., 2@8jilar results have been
found for participants with post-traumatic stress disorder duripgychodynamic interview

(Kirsch and Brunnhuber, 2007).

Eating disorders are characterized by disturbances in Fteaiing patterns, body
image or body weight, which may lead to physical, cognitive aabkdificulties (Fairburn
and Harrison, 2003; Tchanturia et al., 2013). People with edisogders exhibit high levels
of comorbidity with disorders that have shown to be relatecetiuced facial expression,

such as anxiety and depression (Herzog et al., 2000). Iticerldiocio-emotional difficulties



found in eating disorders include high levels of alexithymia (&lawski, et al., 2013),
social anhedonia (Tchanturia et al., 201&9/f-silencing (i.e., the tendency to avoid
expressing negative emotions) (Hambrook et al., 2011), and felae gbcial consequences
of expressing emotions (loannou and Fox, 2009; Hambrook et al.,, 20113s Ibden
proposed that socio-emotional difficulties may contribute to thentenance of the eating
disorder psychopathology (Treasure et al., 2012; Schmidt and Tre2806¢ Speranza et al.,
2007) and in the case of AN, that eating disorder symptomdgidandn part, to help the

individual cope with aversive emotional states (Wildes eRall0).

A few studies have investigated facial expressions in people esiting disorders
(Davies et al.2011; Davies et al., 2013; Rhind et al., 20I33vies and colleagu¢2011)
found that adultAN patients showed fewer facial expressions when watching negatis
positive films, and reported feeling less positive emotiom$ similar levels of negative
emotions, compared to HSimilar results were described in young people with AN (Rhind
et al., 2014). Claes and colleag(®312) used a different experimental procedure to monitor
facial expression of anger and joy in AN and BN participaviten playing a therapeutic
video game and reported that AN patients exhibited less athgeugh their facial
expressions compared to HC. In BN participants, facial esme of anger was not
significantly reduced compared to HC. The study found no diftere among the groups in
their facial expressions of joy. In a second study using the pamadigm, patients with BN
showed higher levels of joyous facial expressions, and redaoga £xpression of anger
compared to HC (Tarrega et al., 2014). Reduced expressionadioesnmay contribute to
the difficulties in the socio emotional area, worseningithgact of the eating disorder in

patients’ social functioning (Tchanturia et al., 2013).



The studies described above provide preliminary evidence sunggdésat patients
with AN and BN show reduced negative facial emotional expregsadness and anger)
compared to HC. However, results for facial expressions odtiygsemotions are more
equivocal: AN showed fewer positive facial expressions comparétiC when using film
clips as mood elicitors, but not when using a video game. FurtherBigrparticipants seem
to display as many positive facial expressions as HC. Stadipssitive emotions are scarce
in the eating disorders field, and there is a need for durthvestigation in the area
(Tchanturia, 2015). Therefore, this study aimed to build upon previousigsdby further
investigating positive facial expression of emotions in AN BN Specifically, examining
the expression of DS as an expression of genuine positive afig¢giodential benefits for

well being, in comparison to NDS.

Based on previous findings, it was hypothesized that participatitsAN will show
fewer DS and NDS, compared to HC. Even though the literadn BN is more limited, it
gwas hypothesized that this group will produce similar levelB®and NDS to HC. To our

knowledge, this is the first study to investigate DS in pe@plh eating disorders.

2. Method

2.1. Participants

Sixty adult women, grouped into 20 AN (9 restricting type, and 11 ebing
eating/purging type), 20 BN and 20 HC, were included in tingdys Given that studies using
FACS were not available in the eating disorders literatsiadies carried out on other
psychiatric populations (mainly schizophrenia and mood disorderg)wged to estimate the
sample size. It was estimated that a sample size gagtipants per group would allow

detecting medium to large effect sizes with 80% of powetingei<0.01. Participants with



eating disorders were recruited from specialist eating dabssr services, and through
advertisement on the Beat website (http://www.b-eat.co.Uk@ HC group was recruited
from the local community. Eating disorder diagnosis was asgessng the Eating Disorders
module of the Structured Clinical Interview for DSM-IV-TRiA | Disorders (SCID-I) (First

et al., 2002). The inclusion criterion for the clinical groups watiagnosis of AN or BN,

according to DSM-5 (APA, 2013). A body mass index less thanvi&siused as a threshold
for AN diagnosis. Participants were excluded from the studlyely have had a head injury,
autism spectrum disorders, and psychosis, were not fluent inskngk were unable to

provide informed consent. The same exclusion criteria asaselhe absence of current or
past eating disorder were applied for the HC group. Participeares compensated for their

time with £10.

2.2. Measures

2.2.1. Body massindex (BMI in kg/m?): This was calculated from measures of height and
weight obtained on the day of the assessments.

2.2.2. Structured Clinical Interview for DSM disorders (SCID-1) (First et al., 2002):
The eating disorders module of the SCIiDvas used to assess current or past
diagnosis in all participants. In order to adjust the uney to DSM-5 criteria,
amenorrhea was not required for AN diagnosis, and the frequehaygef eating and
purging behaviour was reduced to once a week for the diagnd3ié. of

2.2.3. Eating Disorder Examination Questionnaire (EDE-Q) (Fairburn and Beglin,
1994) This 36 item self-report questionnaire is designed to asseisg @isorders
symptomatology. It has four subscales (i.e., dietary restraating concern, weight

concern, and shape concern) and a global score that range3 tiwdn



2.24.

2.2.5.

2.2.6.

Hospital Anxiety and Depression Scale (HADS) (Zigmond and Snaith, 1983): The
HADS is a 14-item self-report questionnaire with two subscdsesssing anxiety and
depression levels. Each subscale ranges from 0 to 21. Thogueaire has shown to
have good validity and reliability (Bjelland et al., 2002).

Toronto Alexithymia Scale (TAS-20) (Bagby et al., 1994): A 20 item questionnaire
widely used to assess alexithymia, which is defined dgultl in identifying and
describing emaotions. This questionnaire has good psychometric pesp@ttirker et
al., 2003). The questionnaire consists of three subscalesdiffeulty identifying
feelings, difficulty describing emotions, and externally orienttedking) and a total
score that ranges from 20 to 100.

Positive and Negative Affect Scale (PANAYS) (Watson et al., 1988): The PANAS is
a 20 items two-factors self-report scale developed tosagsesitive and negative
affect. In the current study, the positive affect seades used to assess the extent to
which the film clip was able to induce positive affect ia garticipants. The positive
affect PANAS scale has 10 descriptors (i.e., attentiwgrested, alert, excited,
enthusiastic, inspired, proud, determined, strong, and aetivkits score ranges from

10 to 50.

Internal consistencies:) for the measures in the current sample were: EDE-Q: BlABS

Anxiety: 0.72; HADS Depression: 0.69; TAS-20: 0.92; and PANAS pesith89.

2.3. Experimental Task

First, a neutral film depicting waves was presented fore80rgls. Next, participants

completed the positive PANAS questions (pre-film), in ordeggtablish a baseline measure

of positive affect before the emotion elicitation. Followihgs, a 2 minutes clip showing a
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humorous wedding ceremony was shown. This clip was taken fromrth&bur Weddings
and a Funeral” and it was chosen because it has shown ioysestudies to elicit positive
emotions in people with AN and HC (e.g. Davies et al., 2(Hihglly, the positive PANAS
guestions were repeated (post-film). Participants were alorieg the task and were aware
that they were being recorded. Videos and instructions were sbovenl13-inches laptop
computer screen with a built-in camera that recorded thicipant’s facial expressions

during the task.

2.4. Procedure

Participants attended one session during which all procedumescagied out. As
part of the informed consent participants were informet ttie purposed of the study was
“to explore the way people with and without eating disorders ddéhlemotions”, and were
asked for their permission to be videotaped during the experil@ontzedures. After they
gave their informed consent, the SCID was conducted, arghingid height were measured.
Then, participants completed the experimental task and questesngine videos showing
participants' facial expressions while watching the humorousvwime then coded using the
Facial Action Coding System (FACS). The study was approvedhéyNational Health

Research Ethics Services Committee (13/L0O/0201).

2.5. Coding of Facial Expression

The Facial Action Coding System (FACS) was developed byaBkamd Friesefor
measuring observable facial expressions (Ekman and Friesen, RQOi8yides a method to

objectively code any anatomically possible action produced ifatfeeusing 44 action units



(AUs), in which each AU describes the movement of spegifiscles in the face. The coding
system can be used to identify action units (AUs), timénsity, as well as combinations of
AUs. In FACS, the DS is identified as a combination of12Ulip corners pulling, by the
action of the zygomaticus major) and AU6 (cheek raising, by ¢hienaof the orbicularis
oculi), and differentiated from NDS, which does not involve AB@r. a detailed description

of FACS, see Ekman and Rosenberg (2005).

Videos were coded by two coders (SH; CH), who were blind e¢op#rticipants’
clinical status (AN, BN, or HC) and to the study hypothegedger the supervision of MMD.
All coders were certified in FACS. All 44 AUs were cddand then AU6 and AU12 were
selected for analysis. Duration and intensity were useouicome measures. A measure of
proportional viewing duration was calculated by dividing the times¢conds) a participant
had spent displaying the AU combination by the task duration mutes. For example, if a
participant displayed an AU combination for a total of 4 secahudlsg the 2-minute film
clip then the measure would be 4 seconds divided by 2 minutesnfEimsity of the AU

combination was coded on a 5-point ordinal scale, from tracetmum intensity.

The AU combinations for DS and NDS were coded exclusivelgt,dad not overlap.
In order to assess inter-coder reliability for AU6 and AU12esevideos (12%) were coded
by both coders (SH; CH). The overall agreement percentag®2%. Mean Cohen’s Kappa

was 0.80, which indicates excellent agreement (Sayedle 8001).

2.6. Data Analysis

SPSS version 22 was used to analyse the data. Prior to condalttiawgalyses,

distributions were examined to evaluate normality. Non-patraasvanalyses of variance were

10



conducted for data that was not normally distributed (Kruskalisvatid Mann—Whitney U
post-hoc tests). Effect sizes were calculated by using CotiéGzhen, 2013) for parametric
tests, and RosenthaFfgRosenthal and Rubin, 2003) for non-parametric tests. In ordestto
the mood induction, repeated measures ANOVA was used compaerigm and post-film
PANAS (within-group) among the three groups (AN, BN, or HC; betwsubject factor).
ANOVA and post-hoc t-tests were performed to compare the gnoegs on smile duration
and intensity, when data was normally distributed. In ordexptoee associations of DS and
NDS in the clinical group, AN and BN participants were graupegether (n=40) and
Spearman correlations were calculated between the samite8MI, length of iliness, EDE-
Q, HADS-A, HADS-D, and TAS-20 measures. To explore theceié medications in DS
and NDS the clinical group was split into clinical particiigawho were taking medications
(n=17) and those who were not (n=23). Mann Whitney U test and Rokemtkéect size
were calculated to compare the duration and intensity of mfSNDS in both groups.

Bonferonni correction for multiple testing was applied.

3. Results
Participant’s demographic and clinical characteristies described in Table 1. As
expected, clinical participants differed from HC on measuresatihng disorders, anxiety,
depression, and alexithymia. In addition, AN participants backi BMI than BN and HC
groups. Eating disorder participants did not differ on EDE-Q sidsscalthough there was a
trend towards significant difference in dietary restrailBDE-Q diet. rest..Man= 4.29,
Mgn=3.31,1(38)= 1.98,p=0.06). There was no difference in the length of illndsaM and

BN participants.

-------- INSERT TABLE 1----
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Sixty percent of the participants with AN were taking p®toopic medication at the
time of the study (n=12). The majority was using a combinatiaeleictive serotonin
reuptake inhibitors (SSRI) and Olanzapine (n=4), or SSRI exclygive3); other AN
participants were taking benzodiazepines (n=2) or other psychotreplication (n=3). On
the other hand, 25% of the participants with BN were usinghaggapic medication (n=5),

all taking SSRI. None of the HC participants was taking psychatropdications.

3.1. Mood induction

Pre-film and post-film PANAS were compared to test tkterd to which the film had
been able to produce a change in participants’ affectul®eindicated that there was a
significant effect of film, with a significant increase positive affect after viewing the film
(F(1,57)= 18.7p< 0.01). There was no significant effect of gro&(2(57)=0.8,p=0.44) and
the group X film interaction was not significafi(2,57)= 0.5,p= 0.62), suggesting similar

increase in positive affect in all groups after viewingftime clip (Figure 1).

3.2. Duchenne smiles (DY)

Analyses of variance revealed that the groups differed ggnify in duration and
intensity of DS (Table 2). Post-hoc tests indicated thatAtegroup had significantly less
DS duration and intensity compared to the BN group and to therbl@.gBN participants
did not differ from HC on intensity and duration. Effect sizegsewgetween medium and

large.

12



----INSERT TABLE 2----

3.3.  Non-Duchenne smiles (NDS)

The analyses of variance indicated that the groups difierduration and intensity of
NDS. Post-hoc analyses showed less duration of NDS for bothgedisorder groups
compared to HC. AN and BN groups were not found to significaditfgr in their duration
of NDS. AN participants were shown to have significarglyslintense NDS compared to the
BN and HC groups, but the BN group did not differ from the HC group DS hhtensity.

Effect sizes were small to large.

3.4. Association with clinical characteristicswithin the clinical sample

In order to explore the association of DS and NDS with clinsbalracteristics, AN
and BN participants were grouped together (n=40) and theiriassnovith BMI, length of
illness, eating disorder symptoms, anxiety, depression, arithgaia was investigated. It
was decided to investigate the clinical group as a wholausecof the evidence of high
diagnostic crossover between AN and BN (Eddy et al., 2008), agwktoe sufficient power
for the analysis. Results indicated that in the clinicaligr DS duration and intensity were
significantly associated with BMI. None of the other cladicharacteristics (length of iliness,
eating disorder symptoms, anxiety, depression, and alexithymé}® viound to be
significantly associated with DS. When exploring assamatwithin the AN group (n=20),
similar results were obtained with significant associatibesveen DS intensity and BMI
(r<=0.49, p=0.03), and a trend towards significance in the case of DSialurand BMI

(rs=0.44,p=0.05).
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In the eating disorders group, the duration of NDS was found toegatively
associated with TAS-20, and NDS intensity was signifigaaskociated with BMI. NDS was
not found to be associated with the other clinical measueesTable 3). On the other hand,

in the AN participants, NDS was associated with anxiety@.50,p=0.02).

In regards to medication use, clinical participants who weaking psychotropic
medications at the time of the study had less DS duratl{@8}=117.00;p=0.03;r=-0.36),
and their DS were less intendg(88)=112.00;p=0.02;r=-0.39). There were no differences
on duration or intensity of NDS between medicated and non medicéhical participants

(duration:U(38)=135.50p=0.10; intensitylJ(38)=163.00p=0.39).

4. Discussion

Smiles are potent social signals that are vital for huotanmunication (La France,
2011), and thus their examination in people with eating disoodereffer significant insight
into their socio-emotional functioning and contribute to treatt innovations. The present
study aimed to investigate positive facial expression in peefih eating disorders through
an examination of Duchenne smile (DS) expressed in respongeoitiae, humorous film
clip. It was hypothesised that participants with AN wedhibit reduced DS and NDS when

compared to HC, and that BN participants will produce DSNID8 at similar levels to HC.

Results indicated that the film clip successfully insezh positive emotions in all
participants, but they differed in their facial expression.cBipally, participants with AN
displayed DS for shorter durations than BN and HC participamd,their DS had lower

intensity. These results extend previous findings of reducedveoatial expression in AN,
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by obtaining similar results using a different, more detadrded facial expression coding

system (Davies et al., 2011; Rhind et al., 2014).

Duchenne smiles (DS) express genuine or authentic enjoymecdud®e emotion
expression plays a central role in establishing relationgkipkner and Kring, 1998), the
reduced expression of DS in the AN group might reflect broathlssignalling difficulties.
Indeed, inhibited emotional expression has been shown to maiaret likely for others to
perceive the inhibited person as untrustworthy or inauth@ntic English and John, 2013)
and to reduce social connectedness (e.g., Mauss et al., Bdid9.also been hypothesized
that people who show reduced positive facial expression are toyangid people’s attention
(Fridlund, 1994). AN is a disorder highly comorbid with social ph@¢8isinbourne et al.,
2012)and there is evidence that people with AN maintain lesscegtact than H(Cipolli et
al., 1989) and experience high levels of social anhedonia (Tchaetwaia 2012; Harrison et
al., 2014). In this context, it is likely that the reduced exjprassf positive affect would

contribute to maintain this pattern of social avoidance in AN.

DS has also been associated with social reward (Shoréleerey, 2011), therefore,
the reduced expression of DS in the AN group may reflectnisimed temperamental reward
sensitivity that characterizes disorders of overcontrdh siscAN, autism spectrum disorders,
and obsessive compulsive personality disorder (Lynch et al.,, 20A®h, in press).
Heightened temperamental threat sensitivity and diminishedarde sensitivity are
hypothesized to bias a person to notice the potential for harmtlw/gotential for reward
when interacting with others or encountering ambiguous stimutingat less likely for
them to respond with genuine enjoyment or pleasure (Lynch et aress; Clark, 2005).

Smiling faces have been shown to activate reward-anii@ipateas in the bra{@haron et

15



al., 2001) and AN has been shown to exhibit lower dopamine mediateipatory reward

relative to BN (Kaye et al., 2013 for review).

Results of this study showed differences in the duration aadsity of DS between
AN and BN participants, this may be explained at leagpart, by the fact that BN is a
disorder characterized by impulsivifiarrison et al.,, 2010) while AN is characterized by
overcontrol (Lynch et al., 2013). Our results are similarrtdifigs from Claes and colleagues

(2012) who did not find reduced facial expression of joy in BN gipgnts.

Furthermore, participants within the clinical sample withdo\BMI, were found to
present DS at a lower duration and intensity, compared te thibls higher BMI. Given that
other eating disorder psychopathology measures, such as lentiesd and EDE-Q, were
not associated with DS, this finding suggests that starvatiay explain, at least in part, the
differences in the results found for people with AN and BN. Futimdies including
participants who are weight restored, but have AN relatedhpgathology may be able to

enlighten the role of starvation in the expression of positivatiens in AN.

An alternative explanation for the differences betweendciimecal groups in the
production of DS and NDS may relate to different levels ofat@nxiety in AN and BN. It is
known that AN is highly comorbid with social phobia (Swinbourne eR8ll2), and there is
preliminary evidence that shyness may influence sociakskilAN (Winecoff et al., 2015).
Since patrticipants were aware they were being filmed duhisgstudy, those with AN may
have experienced social anxiety and therefore may have been eaatious of their
emotional expression. The negative associations between amaxidtypoth DS and NDS
production may provide support for this explanation, even though theyneeggnificant

after correcting for multiple testing. Thus, the influence aiaanxiety in positive emotion

16



expression when evaluated using videotaped tasks, such@setlised in the current study,

may need further investigation.

In order to explore the effects of psychotropic medications intip®semotion
expression (i.e. DS) the clinical group was split accordingnéalication use. Participants
taking medications (mostly on SSRI, either exclusively or in ¢oation with olanzapine)
showed significantly less DS duration and intensity. Thesenfijigdmay seem to contradict
evidence of enhanced expression of positive emotions after tB&Rnent found in people
with depression (Girard et al., 2014). However, it is wartting that the majority of
participants taking medications in this study were underweightANg, and it is known that
antidepressants are less effective in this population (Glaudt al., 2009). One explanation
for our findings may be that participants taking antidepréssaere the ones with more
severe depressive symptoms, and depression has been linkedutedreexpression of
positive affect (Ekman et al., 2005; Girard, 2014). Howeverpoum study depressive
symptoms did not correlate to duration or intensity of DS. Taexethe relation between
medication and expression of positive emotions remains unclear. Tknowtedge, this is
the first study to explore the effects of medication in énmoexpression. The results
highlight the need to further investigate the impact of lpsiropic medication on emotion

expression.

In contrast to the results for DS, differences between AMNBN participants on NDS
were not statistically significant. Nevertheless, thesutt should be taken with caution,
because the difference approached significance and the sffectwas small, but not
negligible. Thus, it is unclear whether the lack of diffeezhetween AN and BN patrticipants

reflects true similarities in NDS expression, or is aultesf lack of power. Future studies
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with a larger sample size might clarify the differenbesween AN and BN participants in

NDS expression.

In this study, both AN and BN groups presented significantlyNE3S duration than
the HC group. NDS intensity was found to be significantly iles#\N participants compared
to BN and HC groups. NDS is usually shown in response to sdemands (Hess and
Bourgeois, 2010), and according to Papa and Bonf&0@8) NDS displayed in positive
situations may be appropriate as a signal of social padiseniecreasing social integration.
Thus, results may indicate that people with eating disorderéesseable to comply with
social conventions related to the expression of positive emotionmositive contexts.
Alternatively, people with eating disorders may be less sgpre in general, for both

emotional and non-emotional expressions.

In our study, clinical participants with higher levels ofx#leymia showed lower
NDS duration. Since NDS tend to be expressed as social camgemwather than expressions
of real enjoyment, this finding may suggest that in people wéting disorders, the
difficulties identifying and verbalising internal emotional expeces relate to a lack of
awareness of social conventions ruling the display of posifieet. It may be beneficial for

future studies to explore this idea further.

The study findings have relevant clinical implications. Peopta wN have reported
experiencing difficulties making friends before the eating disoodset (Doris et al., 2014),
and people with eating disorders report that their illness&fisocial relationships more than
any other aspect of life (Tchanturia et al., 2013). Buildingy secial relationships during
recovery may be harder for individuals with eating disordersaume people are less

motivated in building friendships with individuals who do not expresstiems (Hemmesch
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et al., 2009). Moreover, reduced positive facial expressionheaa an impact on rapport

(Tickle-Degnen, 2006), interfering with the therapeutictreteship during treatment.

This study provides further evidence for the need to includevertéons aimed at
improving socio-emotional processing of positive emotions imgatisorders treatment
(Tchanturia et al., 2015), particularly in those with AN and ugisgchotropic medication.
Research of this nature could inform already existingafhies addressing emotion
functioning in eating disorders, such as Cognitive Remediatiofcarational Skills Training
(CREST) (Tchanturia et al., 2014), Emotion Acceptance Behaviberapy (EABT) for
Anorexia Nervosa (Wildes and Marcus, 2011), and Radically Opdedii@l Behaviour

Therapy (RO-DBT) (Lynch et al., in press).

There are limitations to the present study. For example, nrmgh the researchers
coding the videos were blind to the group allocation of theqiaatits, some AN participants
were visibly underweight and therefore their group allocation hee been revealed. In
addition, all participants were female. Given the evidetimat women tend to smile more
than men (Hess and Bourgeois, 2010), it would be relevaniptore this area in men with
eating disorders. Finally, the association analysis witen AN participants carried out in
this study needs to be seen as exploratory, given the smallesaize for the AN group. In
future studies it would be desirable to include a higher numbpanticipants to examine

differences in AN and BN in facial expression of positiveogoms.

Future research could replicate this study including a group fhtveestored AN
participants, to better understand the role of starvatiotihenresults. In addition, studies
should explore differences in the expression of negative emotidmsiter understand if the

reduced expression exhibited by AN participants is specific tatiyppsemotions, or
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generalized to all emotions. Finally, future studies mawy & replicate these findings in

social interaction paradigms.

To our knowledge, the study is the first to investigate DS a&xpression of genuine
positive affect in people with AN and BN. The findings providepgital support of
difficulties in facial expression of positive emotions iropke with AN and underline the
need to further explore the role of BMI and psychotropic medicatin the expression of

positive emotions in people with eating disorders.
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Figure 1: Pre-film and post-film positive affect PANASEes.

P Group
- AN
—=BN
—HC
22.00
g
=
«
g
=
E 20.004
d
=
18,00

I |
Pre-film Post-film

AN=Anorexia nervosa; BN= bulimia nervosa; HC= healthy controls.
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Table 1. Demographic and clinical characteristics

AN BN HC Group Post-hoc tests
(n=20) (n=20) (n=20) Statistics
M (SD) M (D) M (SD) ANvs.BN ANvs.HC BNvs.HC
Age 28.85 26.85 26.40 F(2,57)=0.52 N/A N/A N/A
(9.75) (6.75) (7.60) p=0.60
BMI 15.59 22.15 22.47 F(2,57)=45.97 1(38)=8.29 1(38)=9.49 t(38)=0.36
(1.83) (3.02) (2.68) p<0.01 p<0.01 p<0.01 p=0.72

d=2.63 d=3.00 d=0.11

Length 11.55 7.95 N/A 1(38)=1.24 N/A N/A N/A
of lliness (11.26) (6.46) p=0.23
EDE-Q 4.38 3.98 0.48 F(2.57)=88.29 1(38)=1.02 t(25)=15.51 t(23)=10.97
(1.04) (1.37) (0.42) p<0.01 p=0.31 p<0.01 p<0.01
d=0.32 d=4.92 d=2.82
HADS-A 13.15 12.05 5.95 F(2.57)=37.0: t(38)=1.0¢ t(28)=7.95 t(38)=8.0¢
(3.60) (2.82) (1.85) p<0.01 p=0.29 p<0.01 p<0.01

d=0.34 d=2.52 d=2.56

HADS-D 10.60 9.70 3.85 F(2.57)=33.61 1(38)=0.87 1(28)=8.54 t(27)=6.98
(3.15) (3.39) (1.60) p<0.01 p=0.39  p<0.01 p<0.01
d=0.28  d=2.70 d=2.21

TAS-20  60.4¢ 56.35 34.75 F(2,57)=12.3¢ 1(38)=0.9t 1(26)=8.0: 1(25)=6.2
(4.79) (14.25) (2.52) p<0.01 p=0.35  p<0.01 p<0.01
d=0.39  d=6.72 d=2.11

AN= anorexia nervosa; BN= bulimia nervosa; HC= hegaftbntrol; n= number of participantst= mean;SD=
standard deviatiorf;= Anova test; N/A= non applicable; BMI= body mass ide t-test;d= Cohen’sd effect
size test; EDE-Q= Eating disorders examination tjpresaire; HADS-A= Hospital anxiety and depression
scale, anxiety subscale; HADS-D= Hospital anxiety depression scale, depression subscale; TAS-20 =
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Toronto alexithymia scale.
Bonferonni correction applied, statistical sigrdficce ap<0.016
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Table 2: Duchenne and Non-Duchenne smiles in clinical and bpgr

AN BN HC (n=20) Group Post-hoc tests

(n=20) (n=20) Statistics

Mdn (IQR)  Mdn (IQR) Mdn (IQR) ANvs.BN ANvs.HC BNvs. HC
Duchenne 0.00 0.83 2.08 X’(2)=15.86 U=114.00 U=71.50 U=115.00
smiles (0.42) (1.59) (2.28) p<0.01 p<0.01 p<0.01 p=0.02
duration r=0.39 r=0.57 r=0.37
(sec/min)
Duchenne 0.00 3.00 3.00 X(2)=18.25 U=88.00 U=62.00 U=159.50
smiles (1.75) (2.50) (1.50) p<0.01 p<0.01 p<0.01 p=0.23
intensity r=0.51 r=0.63 r=0.19
Non 0.83 1.66 3.74 x}(2)=16.2¢ U=135.5(  U=62.0( U=100.5(
Duchenne (1.66) (2.50) (2.49) p<0.01 p=0.08 p<0.01 p<0.01
smiles r=0.28 r=0.60 d=0.43
duration
(sec/min)
Non 2.00 3.00 3.00 x*(2)=20.26 U=107.50 U=49.00 U=115.50
Duchenne (1.00) (1.00) (1.00) p<0.01 p<0.01 p<0.01 p=0.02
smiles r=0.41 r=0.67 r=0.34
intensity

AN= anorexia nervosa; BN= bulimia nervosa; HC= heaftbntrol; n= number of participantstdn= median;
IRQ= interquartile range; Sec/min= seconds per miruteMann WhitneyU test;x*= Kruskal-Wallis testr=

Rosenthal’'s effect size test= t-test;d= Cohen’sd effect size test.

Bonferonni correction applied, statistical sigrafice ap<0.016
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Table 3: Correlations between DS, NDS and clinical chaiatitss within the clinical sample

BMI Length of EDE-Q HADS-A HADS-D TAS-20

lllness

Duchenne smiles rs=0.426 r<=0.097 r<=-0.053 r=-0.372 r<=-0.109 r<=-0.310

(duration) p=0.006 p=0.551 p=0.746 p=0.018 p=0.505 p=0.052

Duchenne smiles rs=0.486 r=0.090 r<=-0.098 r<=-0.393 r=-0.141 r<=-0.279

intensity p=0.001 p=0.580 p=0.549 p=0.012 p=0.387 p=0.081

Non Duchenne r<=0.296 r=0.081 r=0.016 r<=-0.396 r=-0.033 r=-0.448

smiles (duration)  p=0.063 p=0.621 p=0.920 p=0.011 p=0.842 p=0.004

Non Duchenne r<=0.463 r=-0.010 r=-0.119 r=-0.239 r<=-0.052 r=-0.273

smiles intensity p=0.003 p=0.952 p=0.464 p=0.137 p=0.750 p=0.089

BMI= Body mass index; EDE-Q= Eating disorder exartioraquestionnaire; HADS-A= Hospital anxiety and
depression scale, anxiety subscale; HADS-D= Hdspiteiety and depression scale, depression subhscag:
20= Toronto alexithymia scales= Spearman's rank correlation coefficient.

Bonferonni correction applied, statistical sigraficce ap<0.008
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Abstract

A large body of research has associated Eating Disordénsdifficulties in socio-
emotional functioning and it has been argued that they may teemvaintain the illness. This
study aimed to explore facial expressions of positive emotiomgliniduals with Anorexia
Nervosa (AN) and Bulimia Nervosa (BN) compared to heatttwtrols (HC), through an
examination of the Duchenne smile (DS), which has been assdcwith feelings of
enjoyment, amusement and happiness (Ekman et al., 1990). Sixigippats (AN=20;
BN=20; HC=20) were videotaped while watching a humorous film dlee duration and
intensity of DS were subsequently analysed using the Faci@nACoding System (FACS)
(Ekman and Friesen, 2003). Participants with AN displayed DShfarter durations than BN
and HC participants, and their DS had lower intensityhénclinical groups, lower duration
and intensity of DS were associated with lower BMI, and afspsychotropic medication.
The study is the first to explore DS in people with eatingpmdiers, providing further

evidence of difficulties in the socio-emotional domain inge with AN.

Keywords: Anorexia Nervosa, Bulimia Nervosa, Duchenne smile, Facial Expression,

Emotion



1. Introduction

Facial expressions play a key role in human social interaciuey convey people’s
emotional experience (Ekman, 1992) and are used as soamlssithat communicate
information to others (Fridlund, 1994). They are also essefuralkestablishing rapport
(Tickle-Degnen, 2006), deepening people's sense of connection mmtealtluring social
interaction (Schmidt and Cohen, 2001). In contrast, lack ofalfaexpression can be
interpreted as an attempt to avoid attention in social settiegeoming undetected (Fridlund,
1994). Studies on individuals with limited facial expression indidhat people perceive
them as reserved and unhappy (Tickle-Degnen and Doyle Lyons, ROgdrt et al., 2014)
and report being less interested in establishing friendstgpaiig them (Hemmesch et al.,

2009).

Facial expressions of positive emotions, such as smilinge Heeen related to
cooperative intentions (Schmidt and Cohen, 2001), readiness tmiplaynnect (Fridlund,
1994), and social rewards (Shore and Heerey, 2011). People #sssciding with
happiness, positive intentions (Floyd and Burgoon, 198@) increased sociability

(Matsumoto and Kudoh, 1993).

Early on, Charles Darwin noted that spontaneous smiles waraatérized by the
activation of the muscle that contracts the outer cornereodybbrows (i.e., orbicularis oculi)
producing wrinkles in the corner of the eyes, in addition toztilgomaticus major, which
moves the corner of the lips upwards towards the cheekbones (DaB¥R). This is known
as the Duchenne smile (DS) (Duchenne, 1990; Ekman et al., 1990aV@3een associated
with reports of enjoyment, amusement and happiness (Ekmdn &£820; Ruch, 19958s
well as specific patterns of brain activity (Ekman, 1990vi@son et al., 1990). In contrast,

Non-Duchenne smiles (NDS) do not involve the action of the orlisu&uli, and are not



associated with the experience of positive affect. Whdb&bave shown to evoke positive
emotions in others, promoting positive social interactions anédl weing, NDS do not
(Keltner and Bonanno, 1997: Harker and Keltner, 20@%)ead, NDS may be displayed in a
deliberate attempt to convince others that a positive emddideing felt when it is not
(Ekman and Friesen, 1982), or as a way of signalling anticipaif the possibility of
experiencing enjoyment (Ekman et al.,, 1990), and is often producessponse to social

demands (Hess and Bourgeois, 2010).

Facial expression is part of a coordinated system of emobtiesponses (Levenson,
1994). It has been argued that in people who experience psychallaifitculties, elements
of this system may lack coordination, thus becoming dysfuncti®t@gnberg and Ekman,
1994). Studies in clinical populations have shown differencetenekpression of DS in
response to positive stimuli, compared to healthy controls (HQ).example, individuals
suffering from depression have been found to produce fewer DS wpeseel to positive
stimuli(Ekman et al., 2005) and to show smiles that were followedebgtive affect-related
expressions in response to amusing film clips (Reed et2807). Participants with
schizophrenia display fewer DS when induced to feel positgwveotions through
remembering biographic emotional situations (Kohler et al., 2@8jilar results have been
found for participants with post-traumatic stress disorder duripgychodynamic interview

(Kirsch and Brunnhuber, 2007).

Eating disorders are characterized by disturbances in Fteaiing patterns, body
image or body weight, which may lead to physical, cognitive aabkdificulties (Fairburn
and Harrison, 2003; Tchanturia et al., 2013). People with edisogders exhibit high levels
of comorbidity with disorders that have shown to be relatecetiuced facial expression,

such as anxiety and depression (Herzog et al., 2000). Iticerldiocio-emotional difficulties



found in eating disorders include high levels of alexithymia (&lawski, et al., 2013),
social anhedonia (Tchanturia et al., 201&9/f-silencing (i.e., the tendency to avoid
expressing negative emotions) (Hambrook et al., 2011), and felae gbcial consequences
of expressing emotions (loannou and Fox, 2009; Hambrook et al.,, 20113s Ibden
proposed that socio-emotional difficulties may contribute to thentenance of the eating
disorder psychopathology (Treasure et al., 2012; Schmidt and Tre2806¢ Speranza et al.,
2007) and in the case of AN, that eating disorder symptomdgidandn part, to help the

individual cope with aversive emotional states (Wildes eRall0).

A few studies have investigated facial expressions in people esiting disorders
(Davies et al.2011; Davies et al., 2013; Rhind et al., 20I33vies and colleagu¢2011)
found that adultAN patients showed fewer facial expressions when watching negatis
positive films, and reported feeling less positive emotiom$ similar levels of negative
emotions, compared to HSimilar results were described in young people with AN (Rhind
et al., 2014). Claes and colleag(®312) used a different experimental procedure to monitor
facial expression of anger and joy in AN and BN participaviten playing a therapeutic
video game and reported that AN patients exhibited less athgeugh their facial
expressions compared to HC. In BN participants, facial esme of anger was not
significantly reduced compared to HC. The study found no diftere among the groups in
their facial expressions of joy. In a second study using the pamadigm, patients with BN
showed higher levels of joyous facial expressions, and redaoga £xpression of anger
compared to HC (Tarrega et al., 2014). Reduced expressionadioesnmay contribute to
the difficulties in the socio emotional area, worseningithgact of the eating disorder in

patients’ social functioning (Tchanturia et al., 2013).



The studies described above provide preliminary evidence sunggdésat patients
with AN and BN show reduced negative facial emotional expregsadness and anger)
compared to HC. However, results for facial expressions odtiygsemotions are more
equivocal: AN showed fewer positive facial expressions comparétiC when using film
clips as mood elicitors, but not when using a video game. FurtherBigrparticipants seem
to display as many positive facial expressions as HC. Stadipssitive emotions are scarce
in the eating disorders field, and there is a need for durthvestigation in the area
(Tchanturia, 2015). Therefore, this study aimed to build upon previousigsdby further
investigating positive facial expression of emotions in AN BN Specifically, examining
the expression of DS as an expression of genuine positive afig¢giodential benefits for

well being, in comparison to NDS.

Based on previous findings, it was hypothesized that participatitsAN will show
fewer DS and NDS, compared to HC. Even though the literadn BN is more limited, it
gwas hypothesized that this group will produce similar levelB®and NDS to HC. To our

knowledge, this is the first study to investigate DS in pe@plh eating disorders.

2. Method

2.1. Participants

Sixty adult women, grouped into 20 AN (9 restricting type, and 11 ebing
eating/purging type), 20 BN and 20 HC, were included in tingdys Given that studies using
FACS were not available in the eating disorders literatsadies carried out on other
psychiatric populations (mainly schizophrenia and mood disorderg)wged to estimate the
sample size. It was estimated that a sample size gagcipants per group would allow

detecting medium to large effect sizes with 80% of powetingei<0.01. Participants with



eating disorders were recruited from specialist eating dabssr services, and through
advertisement on the Beat website (http://www.b-eat.co.Uk@ HC group was recruited
from the local community. Eating disorder diagnosis was asgessng the Eating Disorders
module of the Structured Clinical Interview for DSM-IV-TRiA | Disorders (SCID-I) (First

et al., 2002). The inclusion criterion for the clinical groups wadiagnosis of AN or BN,

according to DSM-5 (APA, 2013). A body mass index less thanvi&siused as a threshold
for AN diagnosis. Participants were excluded from the studlyely have had a head injury,
autism spectrum disorders, and psychosis, were not fluent inskngk were unable to

provide informed consent. The same exclusion criteria asaselhe absence of current or
past eating disorder were applied for the HC group. Participeares compensated for their

time with £10.

2.2. Measures

2.2.1. Body massindex (BMI in kg/m?): This was calculated from measures of height and
weight obtained on the day of the assessments.

2.2.2. Structured Clinical Interview for DSM disorders (SCID-1) (First et al., 2002):
The eating disorders module of the SCIiDvas used to assess current or past
diagnosis in all participants. In order to adjust the uney to DSM-5 criteria,
amenorrhea was not required for AN diagnosis, and the frequehaygef eating and
purging behaviour was reduced to once a week for the diagrid3ié. o

2.2.3. Eating Disorder Examination Questionnaire (EDE-Q) (Fairburn and Beglin,
1994) This 36 item self-report questionnaire is designed to asseisg @isorders
symptomatology. It has four subscales (i.e., dietary restraating concern, weight

concern, and shape concern) and a global score that range tiwdn



2.24.

2.2.5.

2.2.6.

Hospital Anxiety and Depression Scale (HADS) (Zigmond and Snaith, 1983): The
HADS is a 14-item self-report questionnaire with two subscdsesssing anxiety and
depression levels. Each subscale ranges from 0 to 21. Thegogueaire has shown to
have good validity and reliability (Bjelland et al., 2002).

Toronto Alexithymia Scale (TAS-20) (Bagby et al., 1994): A 20 item questionnaire
widely used to assess alexithymia, which is defined dgultl in identifying and
describing emaotions. This questionnaire has good psychometric pesp@ttirker et
al., 2003). The questionnaire consists of three subscalesdiffeulty identifying
feelings, difficulty describing emotions, and externally orientedking) and a total
score that ranges from 20 to 100.

Positive and Negative Affect Scale (PANAYS) (Watson et al., 1988): The PANAS is
a 20 items two-factors self-report scale developed tosagsesitive and negative
affect. In the current study, the positive affect seades used to assess the extent to
which the film clip was able to induce positive affect ia garticipants. The positive
affect PANAS scale has 10 descriptors (i.e., attentiwigrested, alert, excited,
enthusiastic, inspired, proud, determined, strong, and achdejsascore ranges from

10 to 50.

Internal consistencies:) for the measures in the current sample were: EDE-Q: BIABS

Anxiety: 0.72; HADS Depression: 0.69; TAS-20: 0.92; and PANAS pesith89.

2.3. Experimental Task

First, a neutral film depicting waves was presented fore80rgls. Next, participants

completed the positive PANAS questions (pre-film), in ordeggtablish a baseline measure

of positive affect before the emotion elicitation. Followihgs, a 2 minutes clip showing a
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humorous wedding ceremony was shown. This clip was taken fromrth&bur Weddings
and a Funeral” and it was chosen because it has shown ioysestudies to elicit positive
emotions in people with AN and HC (e.g. Davies et al., 2(Hihglly, the positive PANAS
guestions were repeated (post-film). Participants were alorieg the task and were aware
that they were being recorded. Videos and instructions were sbovenl13-inches laptop
computer screen with a built-in camera that recorded thicipant’s facial expressions

during the task.

2.4. Procedure

Participants attended one session during which all procedumescagied out. As
part of the informed consent participants were informet ttiea purposed of the study was
“to explore the way people with and without eating disorders ddhlemnotions”, and were
asked for their permission to be videotaped during the experihp@ntzedures. After they
gave their informed consent, the SCID was conducted, arghingid height were measured.
Then, participants completed the experimental task and questesngine videos showing
participants' facial expressions while watching the humorommsviiére then coded using the
Facial Action Coding System (FACS). The study was approvedhéyNational Health

Research Ethics Services Committee (13/L0O/0201).

2.5. Coding of Facial Expression

The Facial Action Coding System (FACS) was developed bydikamd Friesefor
measuring observable facial expressions (Ekman and Friesen, RQOi8yides a method to

objectively code any anatomically possible action produced ifatfeeusing 44 action units



(AUs), in which each AU describes the movement of spegifiscles in the face. The coding
system can be used to identify action units (AUs), tim@nsity, as well as combinations of
AUs. In FACS, the DS is identified as a combination of12Ulip corners pulling, by the
action of the zygomaticus major) and AU6 (cheek raising, by ¢hienaof the orbicularis
oculi), and differentiated from NDS, which does not involve AB@r. a detailed description

of FACS, see Ekman and Rosenberg (2005).

Videos were coded by two coders (SH; CH), who were blind e¢op#rticipants’
clinical status (AN, BN, or HC) and to the study hypothegedger the supervision of MMD.
All coders were certified in FACS. All 44 AUs were cddand then AU6 and AU12 were
selected for analysis. Duration and intensity were useougcome measures. A measure of
proportional viewing duration was calculated by dividing the times¢conds) a participant
had spent displaying the AU combination by the task duration mutes. For example, if a
participant displayed an AU combination for a total of 4 secahdlsg the 2-minute film
clip then the measure would be 4 seconds divided by 2 minutesnfBmsity of the AU

combination was coded on a 5-point ordinal scale, from tracetmum intensity.

The AU combinations for DS and NDS were coded exclusivelgt,dad not overlap.
In order to assess inter-coder reliability for AU6 and AU12esevideos (12%) were coded
by both coders (SH; CH). The overall agreement percentag®2%. Mean Cohen’s Kappa

was 0.80, which indicates excellent agreement (Sayedle 8001).

2.6. Data Analysis

SPSS version 22 was used to analyse the data. Prior to condalttiawgalyses,

distributions were examined to evaluate normality. Non-patraasvanalyses of variance were
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conducted for data that was not normally distributed (Kruskalisvatid Mann—Whitney U
post-hoc tests). Effect sizes were calculated by using CotiéGzhen, 2013) for parametric
tests, and RosenthaFfgRosenthal and Rubin, 2003) for non-parametric tests. In ordestto
the mood induction, repeated measures ANOVA was used commaerigm and post-film
PANAS (within-group) among the three groups (AN, BN, or HC; betwsubject factor).
ANOVA and post-hoc t-tests were performed to compare the gnoegs on smile duration
and intensity, when data was normally distributed. In order taexjplssociations of DS and
NDS in the clinical group, AN and BN participants were graupegether (n=40) and
Spearman correlations were calculated between the samte8MI, length of iliness, EDE-
Q, HADS-A, HADS-D, and TAS-20 measures. To explore thecei medications in DS
and NDS the clinical group was split into clinical particiigawho were taking medications
(n=17) and those who were not (n=23). Mann Whitney U test and Rokemtkéect size
were calculated to compare the duration and intensity of mfSNDS in both groups.

Bonferonni correction for multiple testing was applied.

3. Results
Participant’s demographic and clinical characteristies described in Table 1. As
expected, clinical participants differed from HC on measuresatihng disorders, anxiety,
depression, and alexithymia. In addition, AN participants bactid BMI than BN and HC
groups. Eating disorder participants did not differ on EDE-Q sidsscalthough there was a
trend towards significant difference in dietary restraiBDE-Q diet. rest..Man= 4.29,
Mgn=3.31,1(38)= 1.98,p=0.06). There was no difference in the length of illnds&N and

BN participants.

-------- INSERT TABLE 1----

11



Sixty percent of the participants with AN were taking p®toopic medication at the
time of the study (n=12). The majority was using a combinatiaeleictive serotonin
reuptake inhibitors (SSRI) and Olanzapine (n=4), or SSRI exclygive3); other AN
participants were taking benzodiazepines (n=2) or other psychotreplication (n=3). On
the other hand, 25% of the participants with BN were usinghaggapic medication (n=5),

all taking SSRI. None of the HC participants was taking psychatropdications.

3.1. Mood induction

Pre-film and post-film PANAS were compared to test tkterd to which the film had
been able to produce a change in participants’ affectul®eindicated that there was a
significant effect of film, with a significant increase positive affect after viewing the film
(F(1,57)= 18.7p< 0.01). There was no significant effect of gro&(2(57)=0.8,p=0.44) and
the group X film interaction was not significaf(2,57)= 0.5,p= 0.62), suggesting similar

increase in positive affect in all groups after viewingftime clip (Figure 1).

3.2. Duchenne smiles (DY)

Analyses of variance revealed that the groups differed ggnify in duration and
intensity of DS (Table 2). Post-hoc tests indicated thatAtegroup had significantly less
DS duration and intensity compared to the BN group and to therbl@.gBN participants
did not differ from HC on intensity and duration. Effect sizegsewgetween medium and

large.
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----INSERT TABLE 2----

3.3.  Non-Duchenne smiles (NDS)

The analyses of variance indicated that the groups difierduration and intensity of
NDS. Post-hoc analyses showed less duration of NDS for bothgedisorder groups
compared to HC. AN and BN groups were not found to significatditfgr in their duration
of NDS. AN participants were shown to have significarglyslintense NDS compared to the
BN and HC groups, but the BN group did not differ from the HC group DS hhtensity.

Effect sizes were small to large.

3.4. Association with clinical characteristicswithin the clinical sample

In order to explore the association of DS and NDS with clirsbalracteristics, AN
and BN participants were grouped together (n=40) and theiriassnovith BMI, length of
illness, eating disorder symptoms, anxiety, depression, arithgaia was investigated. It
was decided to investigate the clinical group as a wholausecof the evidence of high
diagnostic crossover between AN and BN (Eddy et al., 2008), agwktoe sufficient power
for the analysis. Results indicated that in the clingraup, DS duration and intensity were
significantly associated with BMI. None of the other clalicharacteristics (length of iliness,
eating disorder symptoms, anxiety, depression, and alexithyme}® viound to be
significantly associated with DS. When exploring assamatwithin the AN group (n=20),
similar results were obtained with significant associatibesveen DS intensity and BMI
(r<=0.49, p=0.03), and a trend towards significance in the case of DSialurand BMI

(rs=0.44,p=0.05).
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In the eating disorders group, the duration of NDS was found toegatively
associated with TAS-20, and NDS intensity was signifigaaskociated with BMI. NDS was
not found to be associated with the other clinical measueesTable 3). On the other hand,

in the AN participants, NDS was associated with anxiety@.50,p=0.02).

In regards to medication use, clinical participants who weaking psychotropic
medications at the time of the study had less DS duratl{@8f=117.00;p=0.03;r=-0.36),
and their DS were less intendg(88)=112.00;p=0.02;r=-0.39). There were no differences
on duration or intensity of NDS between medicated and non medicéhical participants

(duration:U(38)=135.50p=0.10; intensitylJ(38)=163.00p=0.39).

4. Discussion

Smiles are potent social signals that are vital for huotanmunication (La France,
2011), and thus their examination in people with eating disoodereffer significant insight
into their socio-emotional functioning and contribute to treatt innovations. The present
study aimed to investigate positive facial expression in peefih eating disorders through
an examination of Duchenne smile (DS) expressed in respongeotiti@e, humorous film
clip. It was hypothesised that participants with AN wedhibit reduced DS and NDS when

compared to HC, and that BN participants will produce DSNID8 at similar levels to HC.

Results indicated that the film clip successfully insezh positive emotions in all
participants, but they differed in their facial expression.cBipally, participants with AN
displayed DS for shorter durations than BN and HC participamd,their DS had lower

intensity. These results extend previous findings of reducedveoatial expression in AN,
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by obtaining similar results using a different, more detadrded facial expression coding

system (Davies et al., 2011; Rhind et al., 2014).

Duchenne smiles (DS) express genuine or authentic enjoymecdud®e emotion
expression plays a central role in establishing relationgkipkner and Kring, 1998), the
reduced expression of DS in the AN group might reflect broathlssignalling difficulties.
Indeed, inhibited emotional expression has been shown to maiaret likely for others to
perceive the inhibited person as untrustworthy or inauth@ntic English and John, 2013)
and to reduce social connectedness (e.g., Mauss et al., Bdid9.also been hypothesized
that people who show reduced positive facial expression are toyangid people’s attention
(Fridlund, 1994). AN is a disorder highly comorbid with social ph@¢8isinbourne et al.,
2012)and there is evidence that people with AN maintain lesscegtact than H(Cipolli et
al., 1989) and experience high levels of social anhedonia (Tchaetwaia 2012; Harrison et
al., 2014). In this context, it is likely that the reduced exjprassf positive affect would

contribute to maintain this pattern of social avoidance in AN.

DS has also been associated with social reward (Shoréleerey, 2011), therefore,
the reduced expression of DS in the AN group may reflectnisimed temperamental reward
sensitivity that characterizes disorders of overcontrdh siscAN, autism spectrum disorders,
and obsessive compulsive personality disorder (Lynch et al.,, 20A®h, in press).
Heightened temperamental threat sensitivity and diminishedarde sensitivity are
hypothesized to bias a person to notice the potential for harmtlw/gotential for reward
when interacting with others or encountering ambiguous stimutingat less likely for
them to respond with genuine enjoyment or pleasure (Lynch et aress; Clark, 2005).

Smiling faces have been shown to activate reward-anii@ipateas in the bra{@haron et
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al., 2001) and AN has been shown to exhibit lower dopamine mediateipatory reward

relative to BN (Kaye et al., 2013 for review).

Results of this study showed differences in the duration aadsity of DS between
AN and BN participants, this may be explained at leagpart, by the fact that BN is a
disorder characterized by impulsivifidarrison et al.,, 2010) while AN is characterized by
overcontrol (Lynch et al., 2013). Our results are similarrtdifigs from Claes and colleagues

(2012) who did not find reduced facial expression of joy in BN gipgnts.

Furthermore, participants within the clinical sample withdo\BMI, were found to
present DS at a lower duration and intensity, compared te thibls higher BMI. Given that
other eating disorder psychopathology measures, such as lentiesd and EDE-Q, were
not associated with DS, this finding suggests that starvatiay explain, at least in part, the
differences in the results found for people with AN and BN. Futimdies including
participants who are weight restored, but have AN relatedhpgathology may be able to

enlighten the role of starvation in the expression of positivatiens in AN.

An alternative explanation for the differences betweenclimecal groups in the
production of DS and NDS may relate to different levels ofat@nxiety in AN and BN. It is
known that AN is highly comorbid with social phobia (Swinbourne eR8ll2), and there is
preliminary evidence that shyness may influence sociakskilAN (Winecoff et al., 2015).
Since patrticipants were aware they were being filmed duhisgstudy, those with AN may
have experienced social anxiety and therefore may have been eaatious of their
emotional expression. The negative associations between amaxidtypoth DS and NDS
production may provide support for this explanation, even though theyneeggnificant

after correcting for multiple testing. Thus, the influence aiaanxiety in positive emotion
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expression when evaluated using videotaped tasks, such@setlised in the current study,

may need further investigation.

In order to explore the effects of psychotropic medications intip®semotion
expression (i.e. DS) the clinical group was split accordingnéalication use. Participants
taking medications (mostly on SSRI, either exclusively or in ¢oation with olanzapine)
showed significantly less DS duration and intensity. Thesenfijigdmay seem to contradict
evidence of enhanced expression of positive emotions after tB&Rment found in people
with depression (Girard et al., 2014). However, it is wartting that the majority of
participants taking medications in this study were underweightANg, and it is known that
antidepressants are less effective in this population (Glaudt al., 2009). One explanation
for our findings may be that participants taking antidepréssaere the ones with more
severe depressive symptoms, and depression has been linkedutedreexpression of
positive affect (Ekman et al., 2005; Girard, 2014). Howeveroum study depressive
symptoms did not correlate to duration or intensity of DS. Toexethe relation between
medication and expression of positive emotions remains unclear. Tknowtedge, this is
the first study to explore the effects of medication in émoexpression. The results
highlight the need to further investigate the impact of lpsiropic medication on emotion

expression.

In contrast to the results for DS, differences between ANBN participants on NDS
were not statistically significant. Nevertheless, thesutt should be taken with caution,
because the difference approached significance and the sffectwas small, but not
negligible. Thus, it is unclear whether the lack of diffeezhetween AN and BN patrticipants

reflects true similarities in NDS expression, or is aultesf lack of power. Future studies
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with a larger sample size might clarify the differenbesween AN and BN participants in

NDS expression.

In this study, both AN and BN groups presented significantlyNE3S duration than
the HC group. NDS intensity was found to be significantly fes#\N participants compared
to BN and HC groups. NDS is usually shown in response to sdemands (Hess and
Bourgeois, 2010), and according to Papa and Bonf&0@8) NDS displayed in positive
situations may be appropriate as a signal of social padiseniecreasing social integration.
Thus, results may indicate that people with eating disorderéesseable to comply with
social conventions related to the expression of positive emotion®ositive contexts.
Alternatively, people with eating disorders may be less sgpre in general, for both

emotional and non-emotional expressions.

In our study, clinical participants with higher levels ofx#leymia showed lower
NDS duration. Since NDS tend to be expressed as social cammgemather than expressions
of real enjoyment, this finding may suggest that in people wéting disorders, the
difficulties identifying and verbalising internal emotional expeces relate to a lack of
awareness of social conventions ruling the display of posifieet. It may be beneficial for

future studies to explore this idea further.

The study findings have relevant clinical implications. Peopta wN have reported
experiencing difficulties making friends before the eating disoodset (Doris et al., 2014),
and people with eating disorders report that their illness&fisocial relationships more than
any other aspect of life (Tchanturia et al., 2013). Building secial relationships during
recovery may be harder for individuals with eating disordersaume people are less

motivated in building friendships with individuals who do not expresstiems (Hemmesch
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et al., 2009). Moreover, reduced positive facial expressionheaa an impact on rapport

(Tickle-Degnen, 2006), interfering with the therapeutictreteship during treatment.

This study provides further evidence for the need to includeverttons aimed at
improving socio-emotional processing of positive emotions imgatisorders treatment
(Tchanturia et al., 2015), particularly in those with AN and ugisgchotropic medication.
Research of this nature could inform already existing afhies addressing emotion
functioning in eating disorders, such as Cognitive Remediatiofcarational Skills Training
(CREST) (Tchanturia et al., 2014), Emotion Acceptance Behaviberapy (EABT) for
Anorexia Nervosa (Wildes and Marcus, 2011), and Radically Opalediical Behaviour

Therapy (RO-DBT) (Lynch et al., in press).

There are limitations to the present study. For example, nrrmgh the researchers
coding the videos were blind to the group allocation of theqjaatits, some AN participants
were visibly underweight and therefore their group allocation hee been revealed. In
addition, all participants were female. Given the evidetimat women tend to smile more
than men (Hess and Bourgeois, 2010), it would be relevaniptore this area in men with
eating disorders. Finally, the association analysis witen AN participants carried out in
this study needs to be seen as exploratory, given the smallesaize for the AN group. In
future studies it would be desirable to include a higher numbeanicipants to examine

differences in AN and BN in facial expression of positiveogams.

Future research could replicate this study including a group ifhtveestored AN
participants, to better understand the role of starvatiothenresults. In addition, studies
should explore differences in the expression of negative emotidmsiter understand if the

reduced expression exhibited by AN participants is specific tatiyppsemotions, or

19



generalized to all emotions. Finally, future studies mawy & replicate these findings in

social interaction paradigms.

To our knowledge, the study is the first to investigate DS a&xpression of genuine
positive affect in people with AN and BN. The findings providapeical support of
difficulties in facial expression of positive emotions iropke with AN and underline the
need to further explore the role of BMI and psychotropic medicatin the expression of

positive emotions in people with eating disorders.
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Figure 1: Pre-film and post-film positive affect PANASEes.
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AN=Anorexia nervosa; BN= bulimia nervosa; HC= healthy controls.
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Table 1. Demographic and clinical characteristics

AN BN HC Group Post-hoc tests
(n=20) (n=20) (n=20) Statistics
M (SD) M (D) M (SD) ANvs.BN ANvs.HC BNvs.HC
Age 28.85 26.85 26.40 F(2,57)=0.52 N/A N/A N/A
(9.75) (6.75) (7.60) p=0.60
BMI 15.59 22.15 22.47 F(2,57)=45.97 1(38)=8.29 1(38)=9.49 t(38)=0.36
(1.83) (3.02) (2.68) p<0.01 p<0.01 p<0.01 p=0.72

d=2.63 d=3.00 d=0.11

Length 11.55 7.95 N/A 1(38)=1.24 N/A N/A N/A
of lliness (11.26) (6.46) p=0.23
EDE-Q 4.38 3.98 0.48 F(2.57)=88.29 1(38)=1.02 t(25)=15.51 t(23)=10.97
(1.04) (1.37) (0.42) p<0.01 p=0.31 p<0.01 p<0.01
d=0.32 d=4.92 d=2.82
HADS-A 13.15 12.05 5.95 F(2.57)=37.0: t(38)=1.0¢ t(28)=7.95 t(38)=8.0¢
(3.60) (2.82) (1.85) p<0.01 p=0.29 p<0.01 p<0.01

d=0.34 d=2.52 d=2.56

HADS-D 10.60 9.70 3.85 F(2.57)=33.61 1(38)=0.87 1(28)=8.54 t(27)=6.98
(3.15) (3.39) (1.60) p<0.01 p=0.39  p<0.01 p<0.01
d=0.28  d=2.70 d=2.21

TAS-20  60.4¢ 56.35 34.75 F(2,57)=12.3¢ 1(38)=0.9t 1(26)=8.0: 1(25)=6.2
(4.79) (14.25) (2.52) p<0.01 p=0.35  p<0.01 p<0.01
d=0.39  d=6.72 d=2.11

AN= anorexia nervosa; BN= bulimia nervosa; HC= hegaftbntrol; n= number of participantst= mean;SD=
standard deviatiorf;= Anova test; N/A= non applicable; BMI= body mass ide t-test;d= Cohen’sd effect
size test; EDE-Q= Eating disorders examination tjpresaire; HADS-A= Hospital anxiety and depression
scale, anxiety subscale; HADS-D= Hospital anxiety depression scale, depression subscale; TAS-20 =
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Toronto alexithymia scale.
Bonferonni correction applied, statistical sigréficce ap<0.016
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Table 2: Duchenne and Non-Duchenne smiles in clinical and bpgr

AN BN HC (n=20) Group Post-hoc tests

(n=20) (n=20) Statistics

Mdn (IQR)  Mdn (IQR) Mdn (IQR) ANvs.BN ANvs.HC BNvs. HC
Duchenne 0.00 0.83 2.08 x’(2)=15.86 U=114.00 U=71.50 U=115.00
smiles (0.42) (1.59) (2.28) p<0.01 p<0.01 p<0.01 p=0.02
duration r=0.39 r=0.57 r=0.37
(sec/min)
Duchenne 0.00 3.00 3.00 X(2)=18.25 U=88.00 U=62.00 U=159.50
smiles (1.75) (2.50) (1.50) p<0.01 p<0.01 p<0.01 p=0.23
intensity r=0.51 r=0.63 r=0.19
Non 0.83 1.66 3.74 x}(2)=16.2¢ U=135.5(  U=62.0( U=100.5(
Duchenne (1.66) (2.50) (2.49) p<0.01 p=0.08 p<0.01 p<0.01
smiles r=0.28 r=0.60 d=0.43
duration
(sec/min)
Non 2.00 3.00 3.00 x*(2)=20.26 U=107.50 U=49.00 U=115.50
Duchenne (1.00) (1.00) (1.00) p<0.01 p<0.01 p<0.01 p=0.02
smiles r=0.41 r=0.67 r=0.34
intensity

AN= anorexia nervosa; BN= bulimia nervosa; HC= heaftbntrol; n= number of participantstdn= median;
IRQ= interquartile range; Sec/min= seconds per miruteMann WhitneyU test;x*= Kruskal-Wallis testr=

Rosenthal’'s effect size test= t-test;d= Cohen’sd effect size test.

Bonferonni correction applied, statistical sigrafice ap<0.016
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Table 3: Correlations between DS, NDS and clinical chamatitss within the clinical sample

BMI Length of EDE-Q HADS-A HADS-D TAS-20

lllness

Duchenne smiles rs=0.426 r<=0.097 r<=-0.053 r=-0.372 r<=-0.109 r<=-0.310

(duration) p=0.006 p=0.551 p=0.746 p=0.018 p=0.505 p=0.052

Duchenne smiles rs=0.486 r=0.090 r<=-0.098 r<=-0.393 r=-0.141 r<=-0.279

intensity p=0.001 p=0.580 p=0.549 p=0.012 p=0.387 p=0.081

Non Duchenne r<=0.296 r=0.081 r=0.016 r<=-0.396 r=-0.033 r=-0.448

smiles (duration)  p=0.063 p=0.621 p=0.920 p=0.011 p=0.842 p=0.004

Non Duchenne r<=0.463 r=-0.010 r=-0.119 r=-0.239 r<=-0.052 r=-0.273

smiles intensity p=0.003 p=0.952 p=0.464 p=0.137 p=0.750 p=0.089

BMI= Body mass index; EDE-Q= Eating disorder exartioraquestionnaire; HADS-A= Hospital anxiety and
depression scale, anxiety subscale; HADS-D= Hdspiteiety and depression scale, depression subhscag:
20= Toronto alexithymia scales= Spearman's rank correlation coefficient.

Bonferonni correction applied, statistical sigraficce ap<0.008
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5. Table(s)

Table 1. Demographic and clinical characteristics

AN BN HC Group Post-hoc tests
(n=20) (n=20) (n=20) Statistics
M (SD) M (SD) M (SD) ANvs.BN ANvs.HC BNvs. HC
Age 28.85 26.85 26.40 F(2,57)=0.52 N/A N/A N/A
(9.75) (6.75) (7.60) p=0.60
BMI 15.59 22.15 22.47 F(2,57)=45.97 1(38)=8.29 1(38)=9.49  (38)=0.36
(1.83) (3.02) (2.68) p<0.01 p<0.01 p<0.01 p=0.72
d=2.63 d=3.00
Length 11.55 7.95 N/A t(38)=1.24 N/A N/A N/A
of lllness  (11.26) (6.46) p=0.23
EDE-Q 4.38 3.34 0.48 F(2.57)=88.29 1(38)=1.02 t(25)=15.51 t(23)=10.97
(1.04) (1.37) (0.42) p<0.01 p=0.31 p<0.01 p<0.01
d=4.92 d=2.82
HADS-A 13.15 12.05 5.95 F(2.57)=37.08 1(38)=1.08 t(28)=7.95 (38)=8.09
(3.60) (2.82) (1.85) p<0.01 p=0.29 p<0.01 p<0.01
d=2.52 d=2.56
HADS-D 10.60 9.70 3.85 F(2.57)=33.61 1(38)=0.87 t(28)=8.54  t(27)=6.98
(3.15) (3.39) (1.60) p<0.01 p=0.39 p<0.01 p<0.01
d=2.70 d=2.21
TAS-20  60.45 56.35 34.75 F(2,57)=12.36  t(38)=0.95 t(26)=8.02  t(25)=6.27
(4.79) (14.25) (2.52) p<0.01 p=0.35 p<0.01 p<0.01
d=6.72 d=2.11




AN= anorexia nervosa; BN= bulimia nervosa; HC= healthy control; n= number of participants; M= mean;
SD= standard deviation; F= Anova test; N/A= non applicable; BMI= body mass index; t= t-test; d=
Cohen’s d effect size test; EDE-Q= Eating disorders examination questionnaire; HADS-A= Hospital
anxiety and depression scale, anxiety subscale; HADS-D= Hospital anxiety and depression scale,
depression subscale; TAS-20 = Toronto alexithymia scale.

Bonferonni correction applied, statistical significance at p<0.016



Table 2: Duchenne and Non-Duchenne smiles in clinical and HC groups

AN BN HC Group Post-hoc tests

(n=20) (n=20) (n=20) Statistics

Mdn Mdn Mdn ANvs.BN ANvs.HC BNvs. HC

(IQR) (IQR) (IQR)
Duchenne 0.00 0.83 2.08 x’(2)=15.86 U=114.00 U=71.50 U=115.00
smiles (0.42) (1.59) (2.28) p<0.01 p<0.01 p<0.01 p=0.02
duration r=0.39 r=0.57 r=0.37
(sec/min)
Duchenne 0.00 3.00 3.00 x*(2)=18.25  U=88.00 U=62.00 U=159.50
smiles (1.75) (2.50) (1.50) p<0.01 p<0.01 p<0.01 p=0.23
intensity r=0.51 r=0.63
Non 0.83 1.66 3.74 x’(2)=16.26 U=13550  U=62.00 U=100.50
Duchenne (1.66) (2.50) (2.49) p<0.01 p=0.08 p<0.01 p<0.01
smiles r=0.60 d=0.43
duration
(sec/min)
Non 2.00 3.00 3.00 x*(2)=20.26 U=107.50  U=49.00 U=115.50
Duchenne (1.00) (1.00) (1.00) p<0.01 p<0.01 p<0.01 p=0.02
smiles r=0.41 r=0.67 r=0.34
intensity

AN= anorexia nervosa; BN= bulimia nervosa; HC= healthy control; n= number of participants; Mdn=

median; IRQ= interquartile range; Sec/min= seconds per minute; U= Mann Whitney U test; x’= Kruskal-
Wallis test; r= Rosenthal’s r effect size test; t= t-test; d= Cohen’s d effect size test.
Bonferonni correction applied, statistical significance at p<0.016




Table 3: Correlations between DS, NDS and clinical characteristics within the clinical

sample

BMI Length of EDE-Q HADS-A HADS-D TAS-20

IlIness

Duchenne smiles r,=0.426 r,=0.097 r,=-0.053 r=-0.372 rs=-0.109 r,=-0.310

(duration) p=0.006 p=0.551 p=0.746 p=0.018 p=0.505 p=0.052

Duchenne smiles rs=0.486 r,=0.090 r,=-0.098 rs=-0.393 r=-0.141 r=-0.279

intensity p=0.001 p=0.580 p=0.549 p=0.012 p=0.387 p=0.081

Non Duchenne r.=0.296 r,=0.081 r=0.016 rs=-0.396 rs=-0.033 rs=-0.448

smiles (duration) p=0.063 p=0.621 p=0.920 p=0.011 p=0.842 p=0.004

Non Duchenne r=0.463 r=-0.010 r=-0.119 rs=-0.239 rs=-0.052 r=-0.273

smiles intensity p=0.003 p=0.952 p=0.464 p=0.137 p=0.750 p=0.089

BMI= Body mass index; EDE-Q= Eating disorder examination questionnaire; HADS-A= Hospital anxiety
and depression scale, anxiety subscale; HADS-D= Hospital anxiety and depression scale, depression
subscale; TAS-20= Toronto alexithymia scale; rs= Spearman'’s rank correlation coefficient.

Bonferonni correction applied, statistical significance at p<0.008



6. Figure(s)

Figure 1: Pre-film and post-film positive affect PANAS scores.

24,00 Group
- AN
——BN
—HC
22 .00
2
=
-
o
=
"-.-: 20,00
=
=9
18.00H

] I
Pre-film Post-film

AN=Anorexia nervosa; BN= bulimia nervosa; HC= healthy controls.



