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ABSTRACT
Objective: Nonverbal motion cues (a
clenched fist) convey essential information
about the intentions of the actor. Individuals with anorexia nervosa (AN) have demonstrated impairment in deciphering intention from facial affective cues, but it is
unknown whether such deficits extend to
deciphering affect from body motion cues.
Method: We examined the capacities of
adults with AN (n 5 21) or those weight
restored for 12 months (WR; n 5 20) to
perceive affect in biological motion cues
relative to healthy controls (HC; n 5 23).
Results: Overall, individuals with AN
evidenced greater deficit in discriminating affect from biological motion cues

Introduction
Anorexia nervosa (AN) is a disorder in which the
preoccupying and determined pursuit of a low
body weight not only impacts health but also interferes with acquisition of alternative sources of reinforcement. For instance, although not a defining
feature of the illness, there is accumulating evidence of social isolation, as well as impairment in
interpersonal functioning that predates illness
onset and persists with remission of eating disorder
symptomatology.1–3 Critically, the ability to form
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than WR or HC. Follow-up analyses
showed that individuals with AN differed
especially across two of the five conditions—deviating most from normative
data when discriminating sadness and
more consistently discriminating anger
relative to WR or HC.
Discussion: Implications of these findings are discussed in relation to some
puzzling interpersonal features of AN.
C 2012 by Wiley Periodicals, Inc.
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and sustain close interpersonal bonds has implications for the formation of a therapeutic alliance,
persistence in treatment, and the prevention of
symptom relapse in both adolescents and adults
with AN.4 In fact, recent formulations of AN have
posited that treatments for AN should emphasize
the establishment of intimate interpersonal bonds
as such social connection may be one of the few
sources of reinforcement that effectively competes
with the valued aspects of the ill state. Thus understanding barriers to the formation of intimate
attachments is critical to design interventions for
those with AN who struggle in the interpersonal
realm.
Several theoretical models have been proposed
to explain the social impairment in AN.5,6 A model
proposed by Zucker et al.7 examines interpersonal
deficits from a neurodevelopmental framework,
positing that basic deficits in social perception may
compromise capacities to accurately interpret the
affect of others, a necessary substrate of empathic
responding. Specifically, hypotheses from this
model propose that given well-documented cognitive deficits in AN, such as aberrant set-shifting and
local biases in visually guided attention,8,9 individuals with AN would demonstrate impairment in
the integration of the complex social signals that
constitute typical human interaction. As all human
interaction also involves movement and constant
change, the model of Zucker et al.7 proposes that
deficits in social perception would most consisInternational Journal of Eating Disorders 46:1 12–22 2013
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tently emerge in complex social contexts that
involve the integration of multiple inputs over
time.
Rather than the integration of complex signals,
alternative models propose that certain individuals
with AN may have biased attention: focusing attention on certain elements of a social interaction to
the exclusion of other elements.6 Such constrained
focus would contribute to a biased interpretation
of a social encounter. For example, Cserjesi et al.10
report that individuals with AN demonstrate an
attention bias toward angry faces with decreased
attention directed to faces expressing positive
affect. Oldershaw et al.6 reviewed attention bias of
social-affective stimuli (words and faces) as part of
a broader conceptualization of socio-affective
functioning in AN. The bulk of the evidence supported aberrant patterns of visually guided attention in AN that persisted with weight restoration.
Thus, difficulty integrating complex social signals
and/or biases toward certain affective features,
may contribute to inaccurate interpretation of the
intentions of others. Such deficits may have an
added subjective consequence in that individuals
with AN may consequently experience interpersonal relationships as confusing, rejecting, or both.
Understanding the interplay of these factors necessitates studying perception of dynamic social cues
among individuals with AN.
Dynamic motion of the body (e.g., a clenched
waving fist) offers valuable information concerning
motivational and related emotional states of the
actor.11,12 Two lines of evidence support that those
with AN may evidence difficulties in deciphering
affect from motion cues. According to Decety and
Meyer,13 empathy and related complex processes
of social perception are partially based on the intersubjectivity of another’s experience with our own.
More specifically, viewing an action may evoke a
simulation of that action in the observer, establishing the foundation that permits empathic understanding to occur. Thus, individuals sense as well
as perceive to comprehend the experiences of
others. By definition, individuals with AN have disturbance in the experience of their bodies. According to this framework, such disturbance may be
associated with aberrant capacities to interpret
meaning from the bodies of others.
Second, there is a limited, though increasing,
body of research documenting overlap in a subgroup of those with AN and symptoms of autism
spectrum disorder (ASD). Children and adults with
ASDs have shown impairment both in recognizing
emotion and in detecting biological motion. Children with ASD have also shown significant impairInternational Journal of Eating Disorders 46:1 12–22 2013

ment in their ability to differentiate biological
motion from inanimate motion. They are able to
detect biological formations of shapes that are not
in motion, but when these shapes move in a coherent pattern, they struggle to translate this visual
motor information into social information.14 For
example, a child with autism may be able to identify
large shapes in the form of a child as a child, but
when these shapes are moving as though a person
is skipping, he cannot interpret the meaning of such
motion. A similar finding was reported when children with autism were asked to identify affect from
biological motion cues (i.e. pointlight walkers). In
pointlight walkers, biological motion stimuli are
created by affixing points of light to body joints of
individuals dressed completely in black. When these
individuals are filmed performing various body
movements (e.g., jumping and dancing), an individual cannot see their body, rather they just see the
moving points of light and have to use this information to make judgments about type of movement or
affect, depending on the task. Children with autism
recognize the motion in the points of light, but the
mechanisms involved in integrating these local biological motion patterns into global, coherent, biological activity are impaired.15 Given cited evidence
of overlap among those with AN and ASD, and evidence of impairment in performance on tasks that
require capacities for global integration in AN, individuals with AN may have difficulty deciphering
affect from motion cues.
Accurately interpreting the affect conveyed by
body movement is essential in understanding
others and guiding responses in social situations.
Thus, interpretation of nonverbal body cues serves
as a bedrock for relationship formation and related
interpersonal tasks. Body movements influence the
interpretation of facial affect2 and overall intention
of the actor.3–5 Such signals have been shown to be
processed as early in the visual temporal sequence
as facial affect, signifying the critical role of such
cues in conveying meaning.12 In contrast to facial
affect,16 individuals with AN have demonstrated a
relative attentional bias toward the bodies of
others, and thus these signals may be disproportionately influential in social decision making.
However, it is unclear whether those with AN
would evidence impairment in interpreting body
motion as has been shown with facial affect.17 If
so, this finding might help explain deficits in
interpersonal functioning and guide intervention
development.
The aim of the current study was to assess the
capacity of individuals with AN to decipher affective cues conveyed by biological motion. We use
13
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pointlight Walkers (pointlight) as the study stimuli
to discern perception of body motion.18 In pointlight
displays, the human form is reduced to small
patches of light located at each of the major joints of
the body (e.g., ankle and knee). When these points
are set in motion, the spatiotemporal pattern they
create can quickly and easily convey a wealth of information about the actor and/or the action being
portrayed.18 We hypothesize that individuals with
AN would be impaired in their ability to decipher
affect from motion cues relative to healthy controls.
Given increasing emphasis on the delineation of
neurocognitive features that manifest premorbidly
and persist beyond the acute phase of illness, we
incorporated neuropsychological measures of visually guided attention and intelligence both to better
characterize our sample and to include as nuisance
variables into our statistical models. Combined,
these strategies are a first attempt to characterize biological motion perception in individuals with AN.

Method
Participants
The sample comprised 64 adult females who agreed to
participate in a study on relationships from a sample of
164 adult females who were screened for eligibility. Of
the 99 eligible individuals based on the screen, 74 were
eligible based on diagnostic interview with 68 agreeing to
participate and 64 completers. Participants were classified into three groups based on a case–control design as
follows: current diagnosis of AN/AN-NOS (AN: n 5 21),
weight-restored with a prior diagnosis of AN (WR: n 5
20), and no history of AN or other eating disorder (CN: n
5 23). Individuals were recruited via printed advertisements placed within a 50-mile radius of the hosting university, and via electronic advertisements posted to parent forums and websites devoted to eating disorders.
Notices were sent to a mailing list of healthcare providers
known to specialize in the care of individuals with eating
disorders within a 60-min traveling distance, to all therapists in two university-based eating disorder programs,
and were posted in clinic waiting rooms.
Inclusion Criteria. To be eligible, individuals had to
have met diagnostic criteria for AN based on the Diagnostic and Statistical Manual for Mental Disorders IV either currently or in the past.19 However, given the number of individuals on birth control pills (n 5 10 or 14.7%),
it was impossible to discern whether amenorrhea was
present and thus this feature was relaxed for diagnosis,
consistent with prior studies.20 In addition, individuals
were not actively experiencing psychosis or related
thought disorder, were not actively abusing substances,
and were not diagnosed with a learning disability based
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on self-report of prior learning history. Participants participated in an initial telephone interview of eating disorder history which included questions regarding exclusionary criteria (substance use and prior diagnosis of
learning disability), followed by a face-to-face structured
diagnostic interview of eating disorder symptoms over
the past 3 months. Thus, the current AN group is most
accurately conceptualized is a combination of AN and
AN-NOS, with the subtype that continues to menstruate.
BMI Determination. Weight-loss and maintenance of
an unhealthy low-weight are defining features of AN.
While the DSM-IV provides an example of a low-weight
threshold (e.g., \85% of ideal body weight), the determination of ideal body weight for a given individual is complex and is most precisely determined based on an individual’s weight history. An individual’s ideal body weight
is the weight range associated with optimal health. Definition of a ‘‘less than ideal’’ body weight would then be
defined as less than the lowest point of this healthy
weight range. Unfortunately, body mass index (BMI)
itself is proving to be inadequate in indexing physical recovery, given recent studies demonstrating that other
physiological parameters such an insulin or degree of
body fat and not body mass was predictive of return of
menstruation.21,22 To determine weight thresholds for
the current study, we combined information from a variety of sources: medical record abstraction (when further
clarification was needed), a weight history, structured
diagnostic interview, and self-report measures. On the
basis of this information, we derived current and past
lowest-BMI per individual and defined weight-restoration as being at an individual’s ideal body weight for 6
months. For example, one individual began to show
medical compromise at a BMI of 20.2 based on chart
review. Thus, this strategy led to deviations from the classic distinction of a BMI of 18.5 or less as underweight,
but more accurately reflects the weight history and optimal functioning of a given individual. This approach is
less arbitrary and more accurately reflects the interindividual clinical complexity of AN.
Procedure
Participants completed a battery of neuropsychological measures and measures of social perception as part
of a study of social cognition and interpersonal functioning in AN. Tasks were administered in a fixed order with
neuropsychological measures interspersed with measures of social perception and diagnostic interviews to
maintain interest and decrease participant burden. Testing sessions were kept to a maximum of 3 h and participants were offered breaks between every task. A battery
of self-report measures was completed prior to the testing day to characterize the premorbid and current functioning of our sample. Measures assessed premorbid features that may influence interpersonal functioning (e.g.,
International Journal of Eating Disorders 46:1 12–22 2013
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features of the autism spectrum and obsessive compulsive spectrum), a continuous measure of psychiatric
symptoms frequently found to be comorbid in those with
AN, as well as interview and questionnaire measures of
eating disorder symptoms.
Assessment Measures: Psychopathology
Eating Disorder Examination (EDE23,24,25). The EDE is a
widely implemented and favored structured diagnostic
interview of eating disorder psychopathology.23,26,27 Behavioral and attitudinal features are assessed according
to DSM-IV clinical diagnostic criteria. While the interview largely focuses on symptoms over the past 28 days,
behavioral diagnostic criteria (e.g., binge-eating, selfinduced vomiting, driven exercise, and laxative abuse)
are assessed for presence, frequency, and total days of
occurrence over the past three months in accordance
with the duration criteria specified in DSM-IV. Attitudinal
items are rated according to a seven-point scale ranging
from 0 to 6 with higher scores reflecting more severe eating disorder psychopathology and resulting in four subscales—restraint, eating concern, shape concern, and
weight concern—and are computed as the mean of constituent scale items. Discriminant validity, internal consistency, and concurrent validity are well documented for
the EDE.25
Eating Disorder Examination Questionnaire (EDE-Q28). The
EDE-Q is a 41-item self-report version of the EDE.24 Normative data collected from a large sample of young adult
women (n 5 5,231) between 18 and 42 years of age produced the following subscale means: Restraint (M 5 1.30,
SD 5 1.40), eating concern (M 5 0.76, SD 5 1.06), weight
concern (M 5 1.79, SD 5 1.51), and shape concern (M 5
2.23, SD 5 1.65). Good convergence between the EDE and
EDE-Q has been documented among community and
clinical samples, though inconsistencies have been
reported (e.g., Refs. 29–31). We administered both measures to ensure we captured the breadth of eating pathology, as some individuals may not disclose certain forms of
pathology during a live interview.
Brief Symptom Inventory (BSI32). The BSI is a shortened
form of the revised version of the Symptom Checklist-90
(SCL-90R33,34), a self-report measure of symptom levels
reflecting psychopathology and was administered to capture comorbid symptomatology in a continuous fashion.
The BSI consists of 49-items that form nine symptom
dimensions (i.e., somatization, obsession-compulsion,
interpersonal sensitivity, depression, anxiety, hostility,
phobic anxiety, paranoid ideation, and psychoticism).
Participants indicate level of distress over the past 7 days
using a Likert scale ranging from ‘‘0 5 not at all’’ to ‘‘4 5
extremely.’’ Norms derived for adult females indicate a
GSI mean of 0.35 (SD 5 0.37) for nonpatients (n 5 358)
and a mean of 1.40 (SD 5 0.72) for psychiatric outpaInternational Journal of Eating Disorders 46:1 12–22 2013

tients (n 5 577; Ref. 35). Depression means were M 5
0.36 (SD 5 0.56) for female nonpatients and M 5 1.90
(SD 5 1.05) for female psychiatric outpatients. Anxiety
means were M 5 0.44 (SD 5 0.54) and M 5 1.82 (SD 5
1.02) for female nonpatients and female psychiatric outpatients respectively. The BSI has shown good internal
consistency and reliability for the nine dimensions with
alpha coefficients ranging from 0.71 to 0.85, and test–
retest reliability coefficients ranging from 0.68 to
0.91.32,36 Good convergent, construct, and predictive validity have been reported.32
Autism-Spectrum Quotient (AQ37). The AQ is a 50-item
self-report measure assessing autism traits among individuals of normal intelligence with items that use a fourpoint Likert scale. Higher scores reflect greater pathology.
The following is a sample item: ‘‘I prefer to do things with
others rather than on my own.’’ Five subscale scores can
also be derived, but were not included in the current
manuscript. Mean scores for the Total AQ score have
been reported as 38.1 (SD 5 4.4) for adult females with
Asperger syndrome or high-functioning autism and 15.4
(SD 5 5.7) for female healthy controls.37 Hambrook
et al.38 reported that adult women with AN (M 5 23.2, SD
5 7.3) had significantly higher scores on the AQ than
adult female healthy controls (M 5 15.3, SD 5 5.5). The
AQ has shown moderate discriminative validity,39 and
moderate to high internal consistency for the total score
with Chronbach’s alpha ranging between 0.67 and
0.82.38,40,41 Furthermore, the AQ has demonstrated good
test–retest and inter-rater reliability.37 A study investigating the use of the AQ as a screening tool recommended a
cut-off of 26 be used to distinguish those with a probable
diagnosis of Asperger’s Syndrome.39

Assessment Measures: Neuropsychology
Group Embedded Figures Test42. The GEFT measures
individual differences in field-dependence or local processing, a default pattern of visually guided attention characterized by a bias toward detail. Participants are asked
to locate and trace a simple figure embedded within a
complex figure as quickly and accurately as possible.
Responses are timed and are scored by summing the total
number of correct items completed within the time limit
(ranging from 0 to 18). Higher scores reflect better ability
to locate details in complex figures. Preliminary norms
using a sample of college students indicate a mean score
of 10.8 (SD 5 4.2) among females (n 5 242).42
Wechsler
Abbreviated
Scale
of
Intelligence
(WASI43). The WASI is a shortened version of the Wechsler Adult Intelligence Scale—Third Edition.44 Full Scale
IQ can be estimated from the four WASI subtests (vocabulary, similarities, matrix reasoning, and block design).
The WASI has demonstrated good convergent validity
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with the WAIS-III and high levels of internal consistency
for the Full Scale IQ estimate.43
Assessment Measures: Motion Perception
Pointlight Walkers (Pointlight45). Individuals were presented a series of 23 short films that depicted a pointlight
walker display. After each clip, participants verbally indicate their response from five emotional choices (happy,
sad, afraid, angry, and neutral). Participants were
instructed to respond as quickly as possible although
time was not limited. Raw scores from the pointlight
were transformed to normative scores obtained via a
prior validation sample.46 These normative scores were
formed due to the complexity of labeling emotional experience. Rather than one correct answer, there are degrees
of correctness in labeling the affect presented via biological motion cues. Prior work has characterized this diversity by creating standardized scores based on modal
responses from the standardization sample. Thus, a score
of ‘‘1’’ was given to any item that matched the most frequent normative response and various proportional
scores were given for the remaining responses. Five constituent subscales for each emotion (happy, sad, afraid,
angry, and neutral) were derived by summing scale items
for which the modal response for a particular item was
the emotion in question (i.e., the happy subscale was
comprised of all items for which the modal response was
happy).
Statistical Method
Statistical analyses were based on a series of ordinary
least-squares regression models regressing the various
outcome measures on a three-level proxy variable denoting diagnostic status (group). Evaluated outcomes
included the pointlight scale averaged over the five constituent emotion subscales. In instances where the estimated main effect for group was significant (based on a
Wald-based Type 3 statistic), differences between diagnostic conditions were tested using a series of two-level
contrasts. In instances where the main effect was not significant, contrasts are presented but not discussed. In
some analyses, the five subscales were simultaneously
modeled using a within-subjects design focusing on the
interaction between level of subscale (i.e., type of emotion) and group to determine if the outcome measure differed depending on emotion type. Because of complexities in interpreting the five-by-three interaction term in
the latter model, we also estimated a series of simplified
models stratified on subscale. For the latter, each of the
five pointlight subscales was in turn regressed on the
group proxy variable; as above, in instances where the
estimated main effect of group was significant, contrasts
between conditions were subsequently tested using a series of two-level contrasts. Although both analytic
approaches yielded similar results, the stratified analyses
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are presented for purposes of clarity. In addition, we
examined the influence of individual differences in
default patterns of visually guided attention (number of
correct items derived from the GEFT) in our models as a
covariate of interest. The purpose of this covariate was to
rule out lower-level attentional-mode differences on
affective motion perception as independent from the
clinical background of these groups.

Results
Sample demographic characteristics are presented
in Table 1. Our sample was predominately Caucasian (81.3%). The majority of participants were single/not married with 17.2% currently married.
Groups did not differ on age or IQ. By design,
groups differed in BMI: those with AN had a significantly lower weight than WR or CN, while WR was
not different from CN.
Table 2 presents eating disorder pathology. WR
continued to endorse eating disordered attitudes as
measured by the EDE-Q with scores still significantly different from CN on all subscales (though
also significantly different from AN). Comparison
of our CN group with normative scores revealed
very small to small effect sizes, with the CN group
in this study having higher Restraint scores of very
small effect (d 5 .19) relative to Mond et al.,47 but
being healthier than the normative sample on
weight concern, eating concern, and shape concern
(d 5 .36 to .45). Thus, our CN group can be considered representative of normative group values.
While the clinical groups did not differ in lowest
BMI or age of onset, the effect size of the latter was
of medium to large effect (d 5 .51, an average difference of 2.2 years). Our failure to find statistical
significance may be due to sample size. The WR
group can thus not be considered a fully recovered
group, but rather a group that has regained weight
to a healthy level, but still maintains at least statistically significant eating disordered attitudes. As
such, they represent a more stringent test of the
impact of weight restoration (rather than full AN
recovery) on biological motion perception.
Table 3 presents comorbid secondary psychopathology. Again, the WR group endorsed lingering
psychopathology with differences from CN on continuous measures of depressive, anxious, and
obsessive-compulsive symptoms. These findings
are consistent with many reports of the long-term
outcome of AN.48 The clinical groups scores on the
AQ was consistent with the findings of Hambrook
et al. being higher than controls,38 significantly
lower than normative scores of adults with highInternational Journal of Eating Disorders 46:1 12–22 2013
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TABLE 1.

Demographic information

Demographic Variable
Age
Mean (SD)
18–25
26–30
31–35
36–40
41–45
Over 45
Race/ethnicity
White/Caucasian
Black/African American
Asian
Hispanic/Latino
Mixed race
Other/not classified
Current relationship status
Married
Divorced
Separated
Engaged
Single, partnered
Single, not partnered
Years of education
Mean (SD)
12 or less
13–16
17–18
Not reported
Verbal IQ
Mean (SD)

AN (n 5 21)

WR (n 5 20)

CN (n 5 23)

Total (n 5 64)

25.6 (8.7)
8 (38.1%)
8 (38.1%)
1 (4.8%)
2 (9.5%)
1 (4.8%)
1 (4.8%)

27.4 (10.1)
12 (60%)
2 (10%)
2 (10%)
2 (10%)
1 (5%)
1 (5%)

26.6 (9.8)
14 (60%)
3 (13%)
3 (13%)
1 (4.3%)
0 (0%)
2 (8.7%)

27.2 (9.4)
34 (53.1%)
13 (20.3%)
6 (9.4%)
5 (7.8%)
2 (3.1%)
4 (6.3%)

21 (100%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

18 (90%)
1 (5%)
1 (5%)
0 (0%)
0 (0%)
0 (0%)

13 (56.5%)
5 (21.7%)
1 (4.3%)
1 (4.3%)
1 (4.3%)
2 (8.7%)

52 (81.3%)
6 (9.4%)
2 (3.1%)
1 (1.6%)
1 (1.6%)
2 (3.1%)

2 (9.5%)
1 (4.8%)
1 (4.8%)
0 (0%)
4 (19%)
13 (61.9%)

5 (25%)
0 (0%)
0 (0%)
1 (4.8%)
5 (25%)
9 (45%)

4 (17.4%)
0 (0%)
0 (0%)
0 (0%)
11 (47.8%)
8 (34.8%)

11 (17.2%)
1 (1.6%)
1 (1.6%)
1 (1.6%)
20 (31.3%)
30 (46.9%)

15.8 (3.2)
2 (8.7%)
12 (52.2%)
9 (39.1%)
0 (0%)

15.7 (3.0)
8 (12.7%)
32 (50%)
23 (36.5%)
1 (1.6%)

15.1 (2.4)
3 (14.3%)
13 (61.9%)
5 (23.8%)
0 (0%)

16.3 (3.3)
3 (15%)
7 (35%)
9 (47.4%)
1 (5%)

121.0 (11.6)

125.6 (12.0)

120.6 (13.9)

122.2 (12.6)

Note: Groups were not significantly different on age, years of education, or verbal IQ. % (Percentage of each group as indicated). AN 5 current diagnosis
of anorexia nervosa; WR 5 prior diagnosis of anorexia nervosa but currently weight-restored; CN 5 no history of anorexia nervosa.

TABLE 2.

Associated eating disorder psychopathology by group
Presence of Lifetime
Threshold Symptoms

Weight History

Group
AN (n 5 21)
WR (n 5 20)
CN (n 5 23)

Age of Eating
Disorder
Onset
17.52 (4.43)
15.30 (4.33)

Lowest BMI

Current BMI

14.92 (1.56)a* 17.43 (1.33)a*
15.14 (1.69)a* 21.44 (2.12)b*
20.51 (2.13)b* 22.73 (3.80)b*

Lifetime Lifetime Lifetime
Binge
Driven Laxative
Eating Exercise
Use
33.3%
39.3%

80.9%
64.7%

57.1%
37.5%

Current Self-Reported Eating Disorder Attitudes (EDE-Q)

Restraint

Weight
Concern

Shape
Concern

Eating
Concern

4.00 (1.53)a*
4.49 (1.06)a* 4.82 (0.98)a* 3.65 (1.39)a*
2.18 (1.29)b*,** 2.57 (1.24)b* 2.64 (1.23)b* 1.39 (1.21)b*,**
0.91 (0.91)c*,** 0.94 (0.87)c* 1.25 (0.94)c* 0.25 (.32)c*,**

Note: Mean (standard deviation). % (Percentage of each group as indicated). Different superscripts connote differences between groups. Two members
from AN, two members from WR, and one from CN were missing lowest BMI information. Two members from WR were missing current BMI information.
BMI 5 body mass index; AN 5 current diagnosis of anorexia nervosa; WR 5 prior diagnosis of anorexia nervosa but currently weight restored; CN 5 no
history of anorexia nervosa; EDE-Q.
* p \ .001; ** p \ .01.

functioning autism, and lower than the recommended cut-off screening score of 26. Thus, our
clinical groups demonstrate similar patterns of
affective and personality symptoms relative to the
existing literature on the course of AN.
Analyses of differences in the pointlight outcome
measures are presented in Table 4 and Figure 1.
The main effect for group in the pointlight total
score (averaged over the five subscales) was significant (Table 4; v2(df52) 5 6.01; p \ 0.05); contrasts
between levels of the group proxy indicated that
average total pointlight scores were significantly
International Journal of Eating Disorders 46:1 12–22 2013

decreased overall in AN participants relative to WR
and CN. The main effects for group in models
re-estimated after stratifying on the pointlight
subscales were significant among two of the five
conditions: Sad (Table 4; v2(df52) 5 13.54; p \ 0.01)
and angry (Table 4; v2(df52)5 6.40; p 5 0.04). Posthoc evaluation of scores revealed that AN were significantly higher on the angry subscale and lower
on the Sad subscale relative to both WR and CN
(Table 4 and Fig. 1). Group differences between
subscale scores were not significant on remaining
emotion subscales (happy, afraid, or neutral; Table
17
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TABLE 3.

Associated psychopathology by group
Brief Symptom Inventory (BSI)*

Group

Autism
Spectrum
Quotient*

Obsess
Comp

Somat

Depress

Anxiety

Hostility

EATATE**
Paranoid
Ideation

Global
Severity

Impuls

# OCPD
Childhood
Traits

AN (n 5 21) 22.28 (6.43)a 1.28 (0.85)a 2.06 (0.88)a 2.24 (0.87)a 1.86 (0.90)a 0.84 (0.80)a 1.36 (0.94)a 1.65 (0.70)a 2.55 (2.11)a 2.43 (1.66)a
WR (n 5 20) 19.94 (6.38)a,b 0.58 (0.45)b 1.52 (0.84)a 1.02 (0.90)b 1.17 (1.00)b 0.61 (0.46)a,b 0.71 (0.78)b 0.92 (0.60)b 2.05 (1.32)a 2.15 (1.69)a
CN (n 5 23) 16.20 (4.67)b 0.25 (0.32)b 0.62 (0.51)b 0.36 (0.40)c 0.36 (0.58)c 0.31 (0.27)b 0.31 (0.29)b 0.33 (0.26)c 0.61 (1.20)b 0.57 (0.99)b
Notes: Mean (standard deviation). Different superscripts connote differences between groups. Somat 5 somatization BSI dimension; Obsess Comp 5
obsessive compulsive BSI dimension; Depress 5 depression BSI dimension; Impuls 5 EATATE impulsivity score. AN 5 current diagnosis of anorexia nervosa; WR 5 prior diagnosis of anorexia nervosa but currently weight restored; CN 5 no history of anorexia nervosa.
* p \ .05.
** p \ .01.

TABLE 4.

Social perception as a function of group
Wald Statistics for
Type 3 Analysis

Parameter
Model 1: all emotions
Intercept
Group embedded figures test
Condition: AN
Condition: WR
Condition: CN
Contrast estimate results
AN vs. WR
AN vs. CN
WR vs. CN
Model 2: sad
Intercept
Group embedded figures test
Condition: AN
Condition: WR
Condition: CN
Contrast estimate results
AN vs. WR
AN vs. CN
WR vs. CN
Model 3: angry
Intercept
Group embedded figures test
Condition: AN
Condition: WR
Condition: CN
Contrast estimate results
AN vs. WR
AN vs. CN
WR vs. CN

df

Est

SE

295% CI

1
1
1
1
0

0.26
0.00
20.02
20.01
0.00

0.01
0.00
0.01
0.01
0.00

0.23
0.00
20.04
20.03
0.00

0.28
0.00
0.00
0.01
0.00

20.01
20.02
20.01

0.01
0.01
0.01

20.03
20.04
20.03

0.01
0.00
0.01

0.99
0.00
20.39
0.06
0.00

0.18
0.01
0.13
0.12
0.00

0.64
20.02
20.64
20.18
0.00

1.34
0.03
20.14
0.30
0.00

20.45
20.39
0.06

0.13
0.13
0.12

20.71
20.64
20.18

20.19
20.14
0.30

1.00
0.00
0.20
20.02
0.00

0.13
0.01
0.09
0.09
0.00

0.75
20.02
0.02
20.19
0.00

1.25
0.01
0.38
0.15
0.00

0.22
0.20
20.02

0.10
0.09
0.09

0.03
0.02
20.19

0.41
0.38
0.15

1
1
1
1
0

1
1
1
1
0

195% CI

df

v2

p

1
2

5.74
6.01

0.02
0.05

1.89
6.01
1.16

0.17
0.01
0.28

1
2

0.04
13.54

0.84
0.001

.

.
11.64
9.29
0.25

0.001
0.002
0.62

1
2

0.24
6.40

0.63
0.04

.

.
5.27
4.67
0.05

0.02
0.03
0.83

Notes: All models controlled for the number of correct items on the group embedded figures test. Only statistically significant models are presented
(comparisons of happy, afraid, and neutral are not presented). AN 5 current diagnosis of anorexia nervosa; WR 5 prior diagnosis of anorexia nervosa but
currently weight-restored; CN 5 no history of anorexia nervosa.

4 and Fig. 1). A subsequent exploratory analysis of
the frequency of angry ratings indicate that those
with AN (x 5 25.57) did not simply endorse anger
more frequently than controls (x 5 24.35), (v2(df52)
5 13.54; p \ .01) p [ .4. To further probe the interpretation of these findings, we examined the role of
BMI as an explanatory variable for group differences. Adding BMI as a covariate in regression models
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weakened effects such that the overall regression
comparing emotion identification as a function of
group membership was no long statistically significant (v2(df52) 5 3.83; p [ 0.10), while contrasts
comparing AN to CN remained marginally
significant, (v2(df51) 5 3.80; p 5 0.051). As a final
indication of the importance of illness severity in
explaining aberrations in motion perception, we
International Journal of Eating Disorders 46:1 12–22 2013
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FIGURE 1. Pointlight emotion subscale scores by group membership. Error bars represent 6 one standard error unit.
AN 5 current diagnosis of anorexia nervosa; WR 5 prior diagnosis of anorexia nervosa but currently weight-restored; CN
5 no history of anorexia nervosa. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.
com.]

examined the association of pointlight score to
self-reported dietary restraint, finding a significant
negative association: r 5 2.30, p \ .02.

Discussion
It has been theorized that those with AN would
have difficulties integrating complex social signals
when attempting to decipher the affect of others.
We examined one facet of this capacity: namely accuracy in deciphering emotion from body motion
cues relative to other groups. In a sample of 64
adult females grouped based on current diagnosis
of AN/AN-NOS, history of AN/AN-NOS and
presently weight-restored, or no history of AN, individuals with current AN had greater difficulty deciphering affect from biological motion cues. In a series of exploratory analyses examining the meaning
ascribed to particular motion patterns, individuals
with AN were less accurate in indentifying sadness
relative to normative data and were more consistent with normative data when deciphering anger
portrayed via body motion. We further examined
what aspect of the ill state was related to body
motion perception and did an exploratory analysis
examining the role of BMI on study findings. The
addition of BMI into regression models weakened
these effects such that the main effect of group was
no longer significant and subsequent exploratory
International Journal of Eating Disorders 46:1 12–22 2013

contrasts marginally significant between AN and
CN. Combined these results suggest that is the
reduced BMI of the ill state of AN that particularly
comprises capacities to integrate complex social
signals.
Deciphering affect from motion demands
capacities to integrate perceptual streams of information with their global context. This specific neurocognitive task was hypothesized to be impaired
in AN given documented neurocognitive deficits in
visually guided attention and executive control.
Initial analyses were supportive of this hypothesis.
Nevertheless, exploratory analyses that examined
patterns of affect recognition indicated that those
currently ill were not universally impaired suggesting that certain alternations of the ill state may
influence the meaning and/or capacity to decipher
complex social cues. Findings were weakened by
the addition of BMI, an imperfect index of diagnostic severity. Findings thus suggest that the state of
starvation may impact capacities to integrate complex social signals.
The state of starvation may impact vigilance and
accuracy in deciphering specific social cues consistent with prior work on attention bias. Given the
ego-syntonic presentation49 and seeming surge of
energy and locomotion associated with the ill
state,50 it is easy to forget that individuals with AN
are in a state of physical threat to person. Consequently, individuals with AN evidence physical
19
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adaptations to starvation that would facilitate survival.51 As with any starved animal, the ability to
perceive threat would be advantageous as it would
facilitate escape and adaptive protective mechanisms in vulnerable organisms. Further, sadness, as
a motivational state of loss, would be of little
advantage to rapidly decipher as starved organisms
are incapable of caring for other needy organisms.
Thus, we postulate that the current results are interpretable as biological adaptations to starvation
and may not be unique to AN. This is not to say
that a potential mechanism of such alterations in
social perception is due to changes in body experience combined with the state of starvation as a critical event in one’s learning history. Thus, patterns
of perception in the starved state may be influenced by perception-action relationships cited earlier. This viewpoint also does not detract from the
fact that the findings may have important clinical
implications for the management of AN.
To our knowledge, this is the first study of biological motion perception in AN. Thus, we cannot
examine our findings relative to other studies of
body affect perception in those with eating disorders. We can, however, examine the implications of
such findings in ASDs, so findings from that body
of work can guide relevant investigations in AN. In
ASDs, findings of aberrations of biological motion
perception have been linked to theories of perceptual processing such as weak central coherence52
or enhanced perceptual functioning.53 Such theories posit that biases in visually guided attention or
superiorities in the rapid detection of fine-grained
visual details are alternatively construed as perceptual assets, as barriers to processing global configurations, or as biases that can be modified.52,53
Research conducted with more nuanced task
manipulations has provided evidence to update
these theories revealing that individuals with ASDs
can process global configurations under certain
conditions.54 As motion perception demands such
global integration, poor performance on this task
was linked to these theories. In AN, accumulating
evidence is highlighting a slightly different perceptual pattern. Those with AN have not consistently
exhibited superiority in local processing but evidence worse performance on tasks that require
global processing.55 Current findings are consistent
with these results—at least in the actively ill state.
Further, given findings in autism of modification of
perceptual processing with modified direction or
deliberate training, current findings suggest the
need to examine alterations in perceptual biases
longitudinally as the state of starvation may reasonably be expected to alter the motivational sali20

ence of visual stimuli with implications for alterations in visually guided attention even with weight
restoration.56
Our study has several limitations bearing mention. We did not compare our active AN group to a
truly recovered group. While our sample had
restored their weight to within normal limits,
advanced definitions of recovery have stressed the
importance of incorporating sustained psychological change as part of a definitive sustained state of
illness remission.57 Such comparisons would have
been optimal in examining the persistence of social
cognitive deficits. However, our design was able to
examine the impact of being underweight on
motion perception. We did not employ a structured
diagnostic interview of secondary psychopathology.
Balancing participant burden, and the current
debate about dimensional vs. dichotomous views
of psychopathology, we opted for self-report measures of secondary psychopathology that index the
past week. While our study has face validity, we
may have missed some clinically informed diagnoses that would enhance our characterization of our
samples and potentially account for the findings.
Further, future studies should examine the role of
other psychopathological symptoms (e.g., depression and anxiety) in contributing to deficits in
motion perception.
Nonverbal gestures convey essential information
about human emotions and related intentions.
Findings reveal that those with AN have difficulty
identifying body motion as indicative of sadness
but are more accurate in identifying biological
motion connoting anger relative to individuals with
AN who have been weight restored or healthy controls. Results may have implications for adaptive
interpersonal functioning in AN. Detecting anger,
particularly when others do not, may be adaptive
in dangerous contexts. However, during the course
of typical interpersonal interaction, such detection
may promote bias and negatively impact the interpretation of social encounters. Critically, such bias
has been demonstrated in AN toward threatening
facial affect.6 While the current study is not a
threshold-detection study, future research should
examine this hypothesis. Results also have immediate clinical relevance in the education of families
about changes in social cognition that may accompany the starved state. Such education may help
family members appreciate that aberrations in
deciphering emotion may be due to biological
changes rather than characterological motivations.
Educating families about adaptations in social cognition that accompany starvation may help family
members better understand and empathize with
International Journal of Eating Disorders 46:1 12–22 2013
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the phenomenology of AN as a starved state in
which the ability to decipher emotional cues of
others is compromised. Understanding how perception of others changes as a function of starvation will be pivotal to designing treatments sensitive to the phenomenology of the ill state.
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