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Background: Body dysmorphic disorder (BDD) and anorexia nervosa (AN) share the
clinical symptom of disturbed body image, which may be a function of perceptual
distortions. Previous studies suggest visual or visuospatial processing abnormalities may
be contributory, but have been unable to discern whether these occur early or late in
the visual processing stream. We used electroencephalography (EEG) and visual event
related potentials (ERP) to investigate early perceptual neural activity associated with
processing visual stimuli.

Methods: We performed EEG on 20 AN, 20 BDD, 20 healthy controls, all unmedicated.
In order to probe configural/holistic and detailed processing, participants viewed
photographs of faces and houses that were unaltered or filtered to low or high spatial
frequencies, respectively. We calculated the early ERP components P100 and N170, and
compared amplitudes and latencies among groups.

Results: P100 amplitudes were smaller in AN than BDD and healthy controls, regardless
of spatial frequency or stimulus type (faces or houses). Similarly, N170 latencies were
longer in AN than healthy controls, regardless of spatial frequency or stimulus type, with
a similar pattern in BDD at trend level significance. N170 amplitudes were smaller in AN
than controls for high and normal spatial frequency images, and smaller in BDD than
controls for normal spatial frequency images, regardless of stimulus type. Poor insight
correlated with lower N170 amplitudes for normal and low spatial frequency faces in the
BDD group.

Conclusions: Individuals with AN exhibit abnormal early visual system activity,
consistent with reduced configural processing and enhanced detailed processing. This
is evident regardless of whether the stimuli are appearance—or non-appearance-related,
and thus may be a reflection of general, early perceptual abnormalities. As N170
amplitude could be a marker of structural encoding of faces, lower values may be
associated with perceptual distortions and could contribute to poor insight in BDD. Future
studies may explore visual ERP measures as potential biomarkers of illness phenotype.

Keywords: anorexia nervosa, body dysmorphic disorder, electroencephalography, visual processing, dorsal
ventral streams
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Introduction

Individuals with body dysmorphic disorder (BDD) are
preoccupied with perceived defects in their appearance,
which are not noticeable or are slight to others (American
Psychiatric Association, 2013). They subsequently experience
significant distress, disability, and functional impairment, often
accompanied by depression and suicidality (Phillips, 2005).
In addition, they are often delusional in their beliefs (Eisen
et al,, 2006), and frequently present to plastic surgeons and
dermatologists instead of mental health clinicians. BDD affects
approximately 1-2% of the population (Faravelli et al., 1997;
Bienvenu et al., 2000; Otto et al., 2001; Rief et al., 2006), yet is still
under-studied and under-recognized.

Individuals with anorexia nervosa (AN) also have similar
body image distortions, although by DSM definition this relates
principally to their body weight or shape (American Psychiatric
Association, 2013). Individuals with AN are often convinced
that they are overweight and appear “fat] despite significant
evidence to the contrary. They then restrict their caloric intake
through self-starvation, which can lead to severe malnutrition,
emaciation, and in some cases death (Sullivan, 1995).

Perceptual distortions of appearance may therefore be a
cardinal feature across AN and BDD. fMRI studies using own-
face (Feusner et al., 2010), other-face (Feusner et al., 2007),
and house stimuli (Feusner et al., 2011) all found abnormalities
in primary and/or secondary visual processing systems in
BDD, particularly for image types that selectively conveyed
configural and holistic information. Similar experiments have not
been conducted in AN, although several neuroimaging studies
suggest abnormal brain activation when visually processing body
images (Wagner et al., 2003; Uher et al., 2005; Sachdev et al.,
2008). Multiple studies additionally suggest imbalances in local
(detail) vs. global processing in AN (56-61). Moreover, a study
investigating the body inversion effect found AN individuals had
deficits in discrimination of upright body images, suggesting
deficits in configural processing (Urgesi et al., 2013).

Naturalistic visual stimuli, the most studied of which are
faces, engage visual processing on multiple levels related to
the type of information extracted (Bruce and Young, 1986).
Perceptual inputs are analyzed to extract simple features, which
are then combined to construct a structural model that can
be compared with faces in memory. Two types of visual
information, configural and featural, travel through dorsal and
ventral visual streams, respectively (Goodale and Milner, 1992).
Configural processing can be conceptualized as sensitivity to first
order relations (the relative positions of the features), holistic
processing of these features into a gestalt, and sensitivity to
the relations between the features (such as distance between
features) (Maurer et al, 2002). With configural processing,
parts are not individually represented but instead recognized as
“templates” (Tanaka and Farah, 1993). Featural processing can be
conceptualized as the componential analysis of features that can
be measured independently from each other, are local in their
spatial extent, and are marked by discontinuities (Bartlett et al.,
2003). This is also known as local part-based or fragmented-based
processing (Schwaninger et al., 2002).

Our working model of visual processing dysfunction in BDD
and AN is a primary deficit in configural/holistic processing (Li
et al,, 2013). This may result in a secondary, “inappropriate,”
reliance on featural/part-based processing, which is utilized
in situations in which healthy controls normally deploy
configural/holistic processing. This may result in a conscious
perception dominated by featural/part-based information
(details), as a result of a diminished configural/holistic template
to aid in integration. fMRI experiments studying BDD (Feusner
et al., 2010, 2011, 2007) corroborate this model of visual
processing dysfunction. A limitation of these prior fMRI studies
(due to limited temporal resolution) is that it remains unclear if
abnormal performance/brain activation patterns are primarily
the result of aberrant early visual cortex activity or are the
result of modulation from prefrontal and/or limbic systems.
Electroencephalography (EEG) is better suited to discern this, as
it can characterize fast changing neuronal dynamics that are not
possible with fMRI. To date there have been no studies that have
investigated early electrophysiological components in response
to face or house processing in AN or BDD.

Evidence from a neuroimaging study in BDD, using own-
and other-faces (Feusner et al., 2010) suggests dysfunction in
early visual systems, including early extrastriate cortex. A similar
study using houses stimuli also demonstrated abnormal visual
system activation, although in later regions in the visual stream
(lingual and parahippocampal gyri) (Feusner et al., 2011). We
used face and house stimuli to probe the early visual systems
in AN and BDD. Event related potential (ERP) components in
response to faces have been well-studied in healthy controls, and
facial flaws are a common concern in BDD. Houses provide a
figure similar in complexity to faces with neutral salience. (Bodies
stimuli, although more relevant to appearance concerns for AN
subjects, were not used as their P100 and N170 components are
not as well-studied or characterized as for faces or houses).

EEG: P100 and N170 Event Related
Potential Components

The P100 and N170 are visual processing components evoked by
presentations of faces and objects. The P100 is the first positive
visual evoked potential apparent 80-120ms post stimulus
(Spehlmann, 1965; Herrmann et al., 2005). A study that measured
the P100 amplitudes to images of faces and houses, filtered to
include only certain spatial frequencies, found the P100 was
preferentially larger for low spatial frequency faces/houses and
smallest for high spatial frequency faces/houses (Nakashima
et al, 2008). Thus, the P100 may index early configural
processing.

The N170 is a large negative component that is robustly
evoked by face stimuli (Bentin et al., 1996; Rossion et al.,
2000), although it also shows varying degrees of activation by
other stimuli such as houses, cars, and other objects. It is most
prominent in occipito-temporal electrodes, and occurs about
150-180ms post-stimulus. It may reflect both configural and
featural processing (Bentin et al., 1996; Sagiv and Bentin, 2001).
Bentin et al. (1996) found the N170 was larger in response to
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eyes presented in isolation compared to full faces, suggesting
the N170 was responsive to featural processing. However,
another study found that face representations that require
only configural processing generate similar N170 amplitudes as
normal photographs of faces (Sagiv and Bentin, 2001). These
results can be reconciled by the observation that in most
situations faces are primarily processed configurally, whereas
analytic, featural processing requires a greater recruitment of
neuronal populations, as reflected in a larger N170. Campanella
(Campanella et al.,, 2006) found diminished P100 and N170
components in response to faces in schizophrenia patients; the
decreased amplitudes were ascribed to deficits in configural
processing, which converges with results from several other
studies (Deruelle et al., 1999; Streit et al., 2001; Herrmann et al.,
2004; Javitt, 2009; Urgesi et al., 2013). Our model, in which the
primary abnormality is reduced configural processing in BDD
and AN, predicts a similar pattern (although perhaps not the
same degree) of abnormal EEG responses.

Spatial Frequencies and their Relation to
Configural/Featural Processing

In our Faces and Houses Tasks, we probed individuals’ configural
and featural processing by using low-pass (LSF) and high-pass
(HSF) spatial frequency-filtered visual images, respectively, as
has been performed previously in healthy controls using EEG
(Pourtois et al., 2005; Halit et al., 2006). Early vision filters
images at multiple spatial scales, tuned to different bandwidths
of spatial frequencies. Discrimination and detection of simple
sine wave patterns are predicted by the contrast of their
individual component spatial frequencies, implying the visual
system decomposes the patterns with spatial frequency filters
(Campbell and Robson, 1968). Marr (1982) proposed that the
visual system uses a multiscale representation of the image,
constructing a stable, quick, coarse gestalt that is later fleshed out
with fine-scale information.

It has been postulated that different levels of spatial
frequencies in images convey different types of information for
visual processing. LSF images convey information about coarse
holistic features such as pigmentation or shading (Morrison
and Schyns, 2001) while HSF images convey information about
contours and edges. Neurons in primary visual cortex dedicate
their first transient responses to processing LSF sinusoidal
gratings and later shift their tuning curves to finer information
(HSF gratings) (Bredfeldt and Ringach, 2002). Psychophysical
evidence indicates that LSF gratings are resolved faster than
their HSF analogs (Gish et al., 1986; Parker and Dutch, 1987).
Finally, LSF faces have larger holistic effects compared to HSF
faces for the whole-part advantage and composite face paradigms
(Goftaux and Rossion, 2006).

Previous functional neuroimaging studies of visual processing
in BDD used images filtered to LSF and HSF to selectively
activate configural and featural processing, respectively (Feusner
et al., 2007, 2011). We analyzed the ERP responses to these
images to draw inferences about abnormalities in configural or
featural visual processing in AN and BDD. We also included the

unaltered (“Normal Spatial Frequency;” or NSF) images as they
should engage both configural and featural processing.

Hypotheses

We hypothesized that AN and BDD individuals would
demonstrate abnormal early configural processing deficits
along with greater reliance on detailed strategies, as both
experience appearance-related concerns that could be attributed
to perceptual distortions. Thus, we expected lower P100 and
N170 amplitudes for AN and BDD relative to controls for
normal and low detail faces, which would reflect deficiencies
in configural processing. Similarly, we expected delayed N170
latencies for AN and BDD relative to controls for normal and
low detail faces, due to secondary, excessive reliance on detailed
strategies, which are slower than configural strategies (Goodale
and Milner, 1992). We predicted the same patterns for house
stimuli; although the previous study in BDD found abnormalities
in later visual stream regions, we predicted that similar, earlier
aberrant electrophysiological components as for faces might feed
forward to contribute to later diminished activation. Abnormal
ERP components for house stimuli would therefore reflect
general, early visual system deficiencies that are not limited to
appearance-related stimuli.

We also predicted that abnormalities in early visual processing
associated with these ERP components would be associated
with the clinical variable of poor insight, as aberrant perception
would make it difficult for one to refute what they see, even in
the presences of contrary evidence. Supporting this, a previous
diffusion tensor imaging (DTI) study in BDD found associations
between insight and white matter tracts connecting visual
systems with emotion and memory systems (Feusner et al., 2014).
We hypothesized that for the LSF and NSF images there would be
an association between lower insight and lower amplitudes (N170
and P100) and longer latencies (N170) in BDD and AN.

Methods and Materials

Participants

We enrolled 20 individuals meeting DSM-IV-TR criteria for
BDD, 20 with AN, and 20 age- and gender-matched healthy
controls (see Table 1). All participants were between ages 18-
30 and all were unmedicated. Each BDD participant received a
clinical evaluation by Jamie Feusner, who has clinical expertise
in BDD. Each AN participant received a clinical evaluation by
Michael Strober or Sahib Khalsa, or who have clinical expertise in
AN. We used the Mini International Neuropsychiatric Inventory
(MINI) to determine comorbid diagnoses (Sheehan et al., 1998).
Severity of other psychiatric symptoms was measured using
validated clinical scales: the Hamilton Anxiety Rating Scale
(HAMA) (Hamilton, 1960), the Brown Assessment of Beliefs
scale (BABS, measuring insight about perceived defects and
psychiatric illness) (Eisen et al., 1998), and the Montgomery-
Asberg Depression Rating Scale (MADRS) (Williams and Kobak,
2008). BDD participants received the BDD version of the Yale-
Brown Obsessive-Compulsive Scale (BDD-YBOCS) (Phillips
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TABLE 1 | Demographics and Psychometrics for AN, BDD, and healthy control (HC) participants.

Anorexia Nervosa (AN)

Body Dysmorphic Disorder (BDD)

N 20
Gender (F/M) 18/2

Age 23.40 £ 3.22
Highest Grade Completed 15.00 + 2.11
BDD-YBOCS (BDD) or EDE (AN) Score 248 +£1.25
HAMA 7.30 £ 6.692
MADRS 7.75+£9.108
BABS 11.563 £5.712

Healthy Control (HC) p-values

20 20

18/2 18/2
24.60 + 5.13 22.55 + 4.02 F=12,p=031
16.05 + 3.47 14.38 + 2.51 F=1.83,p=0.171
29.05 + 5.38 -
10.20 + 7.212 2.05+ 1.73° F=10.27, p < 0.001
14.25 + 7.562 0.95 + 1.32P F =18.74, p < 0.001
14.95 + 3.35° N/A t =2.30, of = 38, p = 0.027

ab Different superscript letters indicate significant pairwise differences from post-hoc t tests at p < 0.05.

et al,, 1997), and AN participants received the Eating Disorder
Examination V16.0D (EDE) (Fairburn et al., 2008).

BDD Inclusion/Exclusion Criteria

The UCLA Institutional Review Board approved this study.
Written informed consent was obtained from all participants.
Unmedicated individuals who met criteria for BDD as
determined by the BDD Diagnostic Module (32), modeled
after the DSM-IV, and who scored >20 on the BDD-YBOCS
were eligible.

AN Inclusion/Exclusion Criteria

AN participants were unmedicated and were required to be
weight-restored (BMI of >18.5); however, they must have
previously met full DSM-IV criteria for AN. We chose to study
weight-restored AN individuals to avoid confounds of starvation
on brain activity. Eligible participants also had to meet all other
current criteria for AN on the MINI, except for amenorrhea.

HC Inclusion/Exclusion Criteria
HC could not meet any criteria for Axis I disorders, including
substance use disorders, on the MINI.

Inclusion/Exclusion Criteria for all Participants
Participants were free from psychoactive medications for at least
8 weeks prior to entering the study. All had normal or corrected
visual acuity, as verified by Snellen eye chart. Exclusion criteria
included other concurrent Axis I disorders aside from major
depressive disorder, dysthymia, panic disorder, social phobia,
or generalized anxiety disorder, as mood and anxiety disorders
are frequently comorbid in this population (Hollander et al.,
1993; Kennedy et al., 1994; Veale et al,, 1996; Perugi et al.,
1997; Zimmerman and Mattia, 1998; Gunstad and Phillips, 2003;
Phillips et al., 2006a,b; Ruffolo et al., 2006; Swinbourne and
Touyz, 2007).

Face and House-matching Tasks

There were four categories of face and house stimuli: HSE, non-
filtered (normal spatial frequency-NSF), and LSF; and non-
filtered circles/ovals (for the faces task) or squares/rectangles (for
the houses task) as controls for behavioral responses. For faces,
we used digitized gray-scale photographs of male and female

faces. The faces, validated for neutral emotional expression,
came from the Macbrain database, Facial Emotional Stimuli,
the University of Pennsylvania and the Psychological Image
Collection at Stirling. We then filtered these images to various
spatial frequencies as previously described (Feusner et al., 2007).

After a 500ms crosshair presentation, subjects pressed a
button corresponding to which of two images match the target
image in the top half of the screen, with image duration of 2.
(see Figure 1) (Feusner et al., 2007). There were 72 trials for each
category (HSE NSE LSF, and shapes), and spatial frequencies
were not mixed within each trial. Each face or house had size
8.5 x 8.5 cm, and subtended a visual angle of 4.8°.

EEG Acquisition

All subjects were seated 1m away from the screen. EEG
data were recorded using a high density 256-channel Geodesic
Hydrocel Sensor Net (Electrical Geodesics, Inc.) with a sampling
rate of 250Hz in a copper shielded room that was dimly
lit. Between experiments, we checked to make sure electrode
impedances were below 50k$2. Data preprocessing included
bandpass filtering from 0.1 to 30 Hz for visual ERPs.

Segmentation
Data were segmented 200ms before and 500ms after the
presentation of the stimulus for face, and house matching tasks.

Artifact Detection

Eye blink and movement artifacts were extracted and removed
using temporal Independent Component Analysis (ICA) in
EEGLAB (Delorme and Makeig, 2004). Segments with > 10
bad channels were removed and interpolated from neighboring
electrodes. In addition, channels and segments were visually
inspected to account for artifacts missed through automatic
detection. We used an interpolation algorithm to reconstruct
channels marked as bad by the artifact detection algorithms.
Segments were then averaged across each stimuli condition, and
grand averaged over all subjects. Event related potentials (ERP)
were baseline-corrected using the 200 ms baseline prior to the
stimulus onset for correction. All channels were referenced to
an average reference of all electrodes except electrooculography
(EOQG).
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Button Press:
Left/Right

500 ms

face or house matching task.

FIGURE 1 | Left: Example of stimuli used in the experiment, filtered to normal, high, and low spatial frequencies. Right: Task paradigm, consisting of a

Statistical Analyses

Behavioral Analyses

Accuracy (% correct) and mean correct response times were
computed for each condition. We submitted data from the faces
and houses task to a mixed measures ANOVA with Group
(AN, BDD, or controls) as a between-groups factor and spatial
frequency (high, normal, low) and stimulus type (faces, houses)
as within-subjects factors. We submitted data from our shapes
stimuli to a separate mixed measures ANOVA with stimulus type
(circles and squares) as a within-subjects factor and Group (AN,
BDD, or controls) as a between-groups factor. (There was no
spatial frequency factor for the shapes, as they were not spatial
frequency filtered.) We removed two outliers, defined as cases
more than 1.5 times the interquartile range (above or below the
75 or 25th percentile, respectively) on stem and leaf plots in SPSS.

Electrophysiology

Amplitudes and latencies for P100 and N170 components were
measured at a group of right hemispheric occipito-temporal
electrodes (TP8, TP10, P8, POS8, P6 CP6, P10); these electrodes
were chosen based on previous studies showing the N170 signal
is stronger in the right hemisphere versus the left (Bentin et al.,
1996; Rossion et al., 2003). Amplitudes were quantified for each
condition as the peak voltage measured within 60 ms windows
centered on 100 and 170 ms for the P100 and N170, respectively.
Peak latency was measured as the latency at this peak voltage.
These amplitudes and latencies were then submitted to a three
way mixed measures ANOVA with group (AN, BDD, controls)
as the between groups factor and spatial frequency (high,
normal, low) and stimulus type (faces, houses) as the within
group repeated measures factor. Because we were interested
in group differences, we used estimated marginal means of
any significant effects involving group (group, group by spatial
frequency, group by stimulus type, and group by stimulus type
by spatial frequency) and, following Fisher’s LSD procedure,
pairwise t-tests (uncorrected) to explore for differences between
groups.

We performed Pearson’s correlations between BABS scores
and LSF and NSF component measures (N170 latency/amplitude,
P100 amplitude) for faces and houses, with a significance level set
at p < 0.05, one-tailed, Bonferroni-corrected.

Behavioral Results

Reaction Time

On the faces/houses tasks, there was a significant spatial
frequency effect [F(,, 53y = 257.61, p < 0.001], but no significant
group [F, 53y = 1.77, p = 0.18), stimulus type [F(;, 53) = 0.004,
p = 0.95], spatial frequency by group [F(4, 193y = 0.58, p = 0.68],
stimulus type by group [F(; 535 = 0.64, p = 0.53], spatial
frequency by stimulus type (F s3y = 2.22, p = 0.12], or
stimulus type by spatial frequency by group effects [F(4, 105y =
0.87, p = 0.49]. To follow up on the significant spatial
frequency effect, we performed pairwise comparisons among
spatial frequencies. There were significantly shorter reaction
times for the LSF than the NSF (mean difference = 33 ms,
p < 0.001) or HSF (mean difference = 152ms, p < 0.001)
images, while there were significantly shorter reaction times
for NSF than HSF (mean difference = 119ms, p < 0.001)
images.

On the shapes stimuli, there were no significant stimulus type
[F(1,54) < OOOI,P = 0.99], group [F(Z, 54) = 127,p = 0.29],
or stimulus type by group [F(; s4) = 1.36, p = 0.27] effects for
reaction time.

Accuracy

All groups performed accurately on both face and house tasks as
well as the shapes control stimuli (>95% on all tasks). On the
faces/houses tasks, there was a significant spatial frequency effect
[F2, 53y = 24.96, p < 0.001], but no significant group [F(,, 53) =
1.07, p = 0.35], stimulus type [F(;, 53) = 3.95, p = 0.052], spatial
frequency by group [F(4, 108y = 1.13, p = 0.35], stimulus type by
group [Fy 53 = .65, p = 0.52], spatial frequency by stimulus
type [F2, 53 = 0.09, p = 0.91], or stimulus type by spatial
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frequency by group effects [F(4, 193y = 2.33, p = 0.06]. To follow
up on the significant spatial frequency effect, we performed
pairwise comparisons among spatial frequencies. Participants
were significantly more accurate on LSF compared to NSF (mean
difference = 1.0%, p < 0.001) or HSF (mean difference = 1.9%,
p < 0.001) images, while they were significantly more accurate
on NSF compared to HSF (mean difference = 0.9%, p = 0.007)
images.

On the shapes stimuli, there were no significant stimulus type
[Fa, 54y < 1.27, p = 0.26], group [F(3, 54y = 0.41, p = 0.66],
or stimulus type by group [F(z, 54y = 1.61, p = 0.21] effects on
accuracy. See Table 2 for summary of behavioral results.

We also examined the effects of task behavioral performance
on our ERP measures by testing correlations between reaction
time and each measure (P100 amplitude, N170 amplitude, N170
latency). No correlations were significant at a corrected threshold
of 0.05/3 = 0.016 (see Appendix, Table S1).

TABLE 2 | Accuracy and Reaction times for Face and House tasks, with
control stimuli (shapes) as comparison.

ERP Waveforms for Both Faces and
Houses are Shown in Figure 2

Electrophysiological Results

P100 Amplitude

We found a significant group effect [F(, 57y = 3.70, p = 0.031]
and spatial frequency effect [F(z 56y = 8.70, p = 0.001]. (See
Figure 3. Statistics for all main and interaction effects can be
found in Table 3). To follow up the significant group effect,
we performed group pairwise comparisons. The AN group had
significantly lower amplitudes than BDD (mean difference =
1.48, p = 0.014) and controls (mean difference = 1.23, p = 0.04).
The BDD group did not significantly differ from the controls
(p = 0.66).

We investigated this further with a post-hoc analysis
using time-frequency analysis, specifically event-related spectral
perturbations (ERSP), to understand if differences in alpha
or theta power or intertrial coherence could explain the
AN amplitude difference. However, we did not find any
significant differences between groups. Additionally, there were
no differences in sleep or tiredness ratings. (See Appendix).

Anorexia Body Healthy N170 Amplitude
Nervosa (AN) Dysmorphic Controls We found a significant group effect [F(,, 57y = 3.74, p = 0.030],
Disorder (BDD) (HC) spatial frequency effect [F 56y = 34.24, p = 0.001], stimulus
Face Accuracy 95.7% 96.3% 96.8% ‘;ype effect [g(lfas = 11'42’2 5:4 0-001]’03‘3(?9]‘8“();11) be' spatlil
Face Reaction Time 855.2 + 118.2 868.7 + 1068  800.3 + 98.9 requency ellect [, 1149) = 0.0% p = 0.007]. (See Tigure <.
(ms) Statistics for all main and interaction effects can be found in
House Accuracy 95.9% 96.8% 96.8% Table 4)' o
House Reaction Time ~ 869.9 4+ 164.0  837.7 + 119.0 803.3 + To follow up the significant group effect, we performed
(ms) 119.3 group pairwise comparisons. The AN group had significantly
Shape Accuracy 96.4% 95.5% 95.7% lower amplitudes than controls (mean difference = 1.32, p =
Shape Reaction Time ~ 769.9 4 207.6 7633+729 7460+853  0.011), while the BDD group had a trend for lower amplitudes
(ms) than controls (mean difference = 0.98, p = 0.055). The
. Faces HSF Houses HSF
2 a
4 24
2 2
52 5 2
E E -
E ol S o
g P O
g .2 £
O T R T R T Z s 0 50 100 150 200 250
Time (msec) Time (msec)
Faces NSF Houses NSF
iy — g,
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€ <9 ——B8DD
o o
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FIGURE 2 | Group- averaged ERP components for Face and House Tasks. The first 50ms are the baseline period, stimulus presentation at time = 0.
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spatial frequency). Asterisks denote significant group effects,
p < 0.05, showing AN have smaller P100 amplitudes than BDD or
controls for all image types.

TABLE 3 | Omnibus mixed measures ANOVA statistics for P100 Amplitude.

P100 Amplitude

Effect Statistics

Main effect: group Fio, 57y =8.70,p = 0.03
Fi1, 57)=0.09,p =0.76
Main effect: spatial frequency F(2, 56 = 8.7, p = 0.001
A

2, 56) = 2.81, p= 0.07

Main effect: stimulus type

Interaction effect: stimulus type x spatial
frequency

Interaction effect: stimulus type x group Fo, 57y =1.71,p=0.19

Interaction effect: group x spatial F4, 114) =85, p = 0.50

frequency
Interaction effect: group x spatial
frequency x stimulus type

Fla, 114y =21,p =0.93

Follow-up tests on the group effect found AN had significantly smaller amplitudes than
controls (p = 0.014) and BDD (p = 0.04).

AN group did not significantly differ from the BDD group
(p = 0.50).

To follow up on the significant group by spatial frequency
effect, we performed group pairwise comparisons for each
spatial frequency. The AN group had significantly lower N170
amplitudes for HSF and NSF images compared to controls
(HSF: p = 0.001, NSF: p = 0.045), while the BDD group
had significantly lower N170 amplitudes than controls for NSF
images (p = 0.034).

N170 Latency

We found a significant group effect [F(, 57y = 3.39, p = 0.041],
stimulus effect [F(; 57y = 8.18, p = 0.006], spatial frequency
effect [F; 56y = 25.05, p = 0.001], and spatial frequency by
stimulus type effect [F(; s6) = 8.013, p = 0.001]. (See Figure 5.
Statistics for all main and interaction effects can be found in
Table 5).

To follow up the significant group effect, we performed group
pairwise comparisons. The AN group had significantly longer
latencies than controls (mean difference = 8.57, p = 0.016),
while the BDD group had a trend for longer latencies than
controls (mean difference = 6.67, p = 0.059). The AN group
did not significantly differ from the BDD (p = 0.585).

See Table 6 for all means and SEMs for P100 amplitudes, N170
amplitudes, and N170 latencies.

Correlations with Clinical Variables

There were significant positive correlations between BABS and
N170 amplitudes for NSF (r = 0.54, p = 0.002) and
LSF faces (r = 0.48, p = 0.006) in the BDD group, of
which the former survived multiple comparisons (Figure 6)
(There were no significant outliers as determined by leverage
values).

Discussion

This is the first EEG study in BDD, and the first study to
investigate early visual processing components of P100 and N170
in either BDD or in AN. Results suggest that individuals with
AN may have deficiencies in visual processing of configural
information and enhanced detailed processing, as reflected
in decreased P100 amplitudes and delayed N170 latencies,
respectively. Because these abnormalities are evident irrespective
of stimulus type or spatial frequency, they may be indications
of general, early perceptual abnormalities. These effects are
likely associated with low-level stimulus characteristics that are
unrelated to appearance. Our results suggest that there may also
be a similar deficiency in BDD, for which there was trend level
significance for all three ERP measures, in the same direction as
in AN. In the BDD group there is evidence for a relationship
between diminished structural encoding of faces and greater
perceptual distortions, as decreased N170 amplitudes on the faces
task correlated with worse insight.
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significant group by spatial frequency effects, p < 0.05, showing AN
have smaller N170 amplitudes than controls for HSF and NSF
images, while BDD have smaller N170 amplitudes than controls for
NSF images.

TABLE 4 | Omnibus mixed measures ANOVA statistics for N170 Amplitude.

N170 Amplitude

Effect Statistics

Main effect: group Fo, 57y =3.74,p =0.03
F1, 57) = 11.42, p = 0.001
F(Z, 56) = 34.24, p = 0.001

F(Q, 56) = 0.45,p =0.64

Main effect: stimulus type

Main effect: spatial frequency
Interaction effect: stimulus type x
spatial frequency

Interaction effect: stimulus type x
group

Interaction effect: group x spatial
frequency

F, 57y =0.02,p = 0.56
Fia, 114) = 3.54, p = 0.009

Interaction effect: group x spatial
frequency x stimulus type

F(4. 114) = 0.068, p = 0.41

Follow-up tests on the group effect found AN had significantly smaller amplitudes than
controls (p =0.011) and BDD had a trend for smaller amplitudes than controls (p = 0.055).
Follow-up tests on the group by spatial frequency effect found AN had significantly smaller
amplitudes vs. controls for HSF (p = 0.001) and NSF (p = 0.034) images, while BDD had
significantly smaller amplitudes vs. controls for NSF (p = 0.034) images.

AN individuals showed significantly decreased P100
amplitudes compared to controls and BDD. They also showed
significantly decreased N170 amplitudes compared to controls,
specifically for high and normal spatial frequencies. In this
time frame, this could represent an abnormality in very early
configural processing, originating in dorsal extrastriate visual
processing areas. This could explain the propensity of AN
subjects to fixate on particular “fat” body parts at the exclusion
of the whole, as well as the estimation of their size as larger
than they actually are (Skrzypek et al.,, 2001). We found AN
had a trend for greater event related desynchronization (ERD)
compared to controls (See Appendix), which suggest AN could

be compensating for their configural deficits through increased
attention, effort, or arousal. AN individuals also had significantly
delayed N170 latencies, which may be a reflection of enhanced
detailed processing. Moreover, the fact that these abnormalities
were evident across faces and houses suggests that this represents
a general effect for all image types.

We also found that BDD, similar to AN, had significantly
lower N170 amplitudes relative to controls for normal spatial
frequency images. The BDD group additionally demonstrated
significant positive correlations between N170 amplitude and
BABS scores for NSF and LSF faces for BDD subjects, such
that lower (less negative) amplitude is associated with worse
insight (higher BABS scores). The BABS is a seven-item clinician
administered interview that measures the amount of delusional
thinking, belief, and insight in clinical populations. Thus,
diminished N170 amplitudes, which could be a marker of
abnormal structural encoding of faces, leading to an incomplete
generation of a complete facial representation, which in turn
contributes to perceptual distortions. Previous research found
associations between higher BABS scores and low fractional
anisotropy and high mean diffusivity of the inferior longitudinal
fasciculus and forceps major (Feusner et al, 2014), as well
as lower accuracy on the Navon task in global-local trials
(Kerwin et al., 2014), suggesting a consistent association between
neural and neuropsychological signatures and poor insight across
several studies in BDD.

Previous neuropsychological and neuroimaging studies
on visual/visuospatial processing in AN and BDD suggest
imbalances in detail and configural processing. Superior
attention to detail and poor central coherence compared
with controls was observed in both active and recovered AN
participants (Tenconi et al., 2010; Roberts et al., 2013). A pattern
in the current study of delayed N170 latencies for AN support
previous findings of weak central coherence in AN (Smeets et al.,
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frequency). Asterisks denote significant group effects, p < 0.05, showing
AN have significantly longer N170 latencies than controls for all image
types.

TABLE 5 | Omnibus mixed measures ANOVA statistics for N170 Latency.

N170 Latency

Effect Statistics

Main effect: group Fio, 57) = 3.39, p = 0.041
F(«], 57) = 818, p= 0.006
F(2, 56) = 25.05, p = 0.001

F(Q. 56) = 8.01, p = 0.001

Main effect: stimulus type

Main effect: spatial frequency
Interaction effect: stimulus type x
spatial frequency

Interaction effect: stimulus type x
group

Interaction effect: group x spatial
frequency

Fio, 57y =0.37,p = 0.69
Fa, 114)=1.44,p =023

Interaction effect: group x spatial
frequency x stimulus type

F(4‘ 114) = 0.68, p = 0.61

Follow-up tests on the group effect found that AN had significantly longer latencies than
controls (p = 0.016) and BDD had a trend for longer latencies than controls (p = 0.059).

1999; Lopez et al., 2008, 2009; Kim et al., 2011). Our results
provide a better estimation of when these abnormalities may
occur, as we see differences as early as 100 ms after stimulus
presentation.

Previous ERP studies in AN using visual stimuli focused on
later components associated with emotional responses (Dodin
and Nandrino, 2003; Pollatos et al., 2008). One study found that
individuals with AN had larger amplitude and longer latency
P300s in response to body images, interpreted as hyperarousal
in information processing (Dodin and Nandrino, 2003), whereas
another that focused on N200 and P300 signals in response to
emotional faces found abnormalities in emotional processing
(Pollatos et al., 2008).

If these findings of abnormal ERP patterns are replicated
in future studies, they have the potential to provide useful

biomarkers that could be translated to clinical use. If this is
the case, they may be more practical than biomarkers from
neural patterns generated from fMRI experiments, due to lower
cost, higher temporal resolution, and efficiency of EEG. These
biomarkers of early visual components would be advantageous
because they are less likely to be affected by emotional, subjective,
or motivational factors, relative to psychometric measurements,
and potentially provide a dimensional “bio-signature” of an
important phenotype shared by AN and BDD. Findings from
this study would therefore have relevance for informing the
development of treatments to address perceptual distortions
such as perceptual retraining; these would require different
strategies depending on the pathophysiological mechanism
driving the symptoms. In addition, these markers can be
monitored over time to assess treatment efficacy in common
practices to treat these disorders such as cognitive behavioral
therapy. In previous studies, EEG and ERPs have been used
as biomarkers for Alzheimers and Mild Cognitive impairment
(MCI) (Jackson and Snyder, 2008) as well as for detecting early
visual processing deficits in schizophrenia (Knebel et al., 2011).
Thus, abnormalities, or brain-behavior relationships, in P100 or
N170 components in AN or BDD could serve as trait markers
underlying their visual processing deficits; this could lead to
more accurate prediction of AN or BDD risk and diagnosis. In
addition, since persistent perceptual disturbance has been found
to be a strong predictor of relapse in AN and bulimia nervosa
(Keel et al., 2005), it could potentially also be used prognostically.

This study has several limitations. The recordings are
observed at the scalp level, so we cannot specify exactly which
cortical regions are dysfunctional in these subjects. We also
investigated weight-restored AN participants, so results may not
be able to be generalized to individuals in the underweight state.
Moreover, we cannot determine if effects in the current study are
the result of their previous starvation state. Because it is difficult
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TABLE 6 | Means and SEMs for P100 amplitudes, N170 amplitudes, and N170 latencies.

Spatial Frequency Faces Houses
AN BDD Controls AN BDD Controls
P100 mean amplitudes (V) LSF 1.35+0.29 3.72+.63 2.82£0.56 2.17£0.46 3.05+0.68 3.2£0.54
NSF 1.45+0.27 3.77+ .53 2.81£0.63 1.45+0.27 3.77+£0.53 2.81+0.63
HSF 1.33+0.22 3.33+.53 2.78+0.51 1.33+0.22 3.33+0.53 2.78+0.51
N170 mean amplitudes (V) LSF 0.72+0.25 0.93+0.41 1.77+0.59 0.12£05 0.47£0.37 0.25+0.61
NSF 0.66+0.22 1.15+0.57 2.08+0.61 0.21+0.51 0.67£0.40 0.63+0.58
HSF 0.98+0.27 2.76+0.57 3.29+0.81 0.47 £0.41 0.84+0.41 2.39+0.71
N170 mean latencies (ms) LSF 165.2£4.77 164.6£3.30 157.6£3.50 177.6£4.94 176+£3.24 161.6£3.56
NSF 164.8£4.55 1568.6£2.54 1566+ 3.53 173.8£4.97 170.8£3.24 163.8£3.77
HSF 174.6£3.78 177.6£2.16 173£3.12 177.6+£4.74 174.6£2.43 171.2+£3.94
track this with better precision in order to explore relationships
N170 Amplitude NSF Ly with duration gf starvation state. . o .
Future studies can use source analyses in conjunction with
= ERPs to further localize, with more precision, abnormalities in
2500 the brain. In addition, since images of faces and houses could
" OO & still elicit higher level processing from emotion or memory areas,
E e 7 using stimuli such as Gabor patches could be more fruitful
B  — to investigate lower-level visual processing. Furthermore, joint
5 analyses integrating different neuroimaging modalities such as
= — fMRI or sMRI can enable inferences to be made on both
-10 -8 -6 -4 2 o 2 4 hemodynamic and electrical sources of neural activity.
Amplitude (microvolts) In the interest of classifying psychopathology across multiple
- domains of analysis, our results suggest an electrophysiological
N170 Amplitude LSF r= 04802 underpinning behind the symptoms of distorted body image
- a5 _ in AN and BDD. These can form the basis of additional
dimensions by which we can understand these various disorders
e & that can be used in conjunction with current psychometric
. //Q/M and behavioral methods. As a result, new treatments may be
z = ! ® developed based on the mechanisms underlying the symptoms;
@ —9 o for example, perceptual retraining with visual stimuli may be
= more effective for individuals with more severe visual distortions.
Thus, this data can be used both as biomarkers of abnormal
e : 2 : visual processing and to provide a deeper understanding of
Amplitude (microvolts) abnormal brain activation patterns in these disorders involving
body image.
FIGURE 6 | Correlations of BABS scores and N170 amplitudes for NSF
and LSF faces in individuals with BDD. Lower (less negative) amplitude is ACKnOWIEdgmentS
associated with worse insight (higher BABS scores). *Survives Bonferroni
corrections for multiple comparisons. Funding for this work was supported by a grant from the

for weight-restored individuals with AN to estimate the previous
duration of time they were in the underweight state, we did not
have this data available for regression analyses. (Although we
examined correlations with lowest BMI attained, we found no
significant associations.) In the future, a longitudinal study could
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the International OCD Foundation (Li). Mr. Li was also
supported by a Dissertation Year Fellowship from the UCLA
Graduate Division. We would like to thank Dr. Mark Cohen and
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software.

Frontiers in Human Neuroscience | www.frontiersin.org

10

June 2015 | Volume 9 | Article 301


http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive

Lietal

Aberrant visual activity in AN/BDD

References

American Psychiatric Association. (2013). Diagnostic and Statistical Manual of
Mental Disorders DSM-5. 5th Edn. (Washington, DC: American Psychiatric
Publishing). doi: 10.1176/appi.books.9780890425596.744053

Bartlett, J., Searcy, J., and Abdi, H. (2003). “What are the routes to face
recognition?,” in Perception of Faces, Objects, and Scenes: Analytic and Holistic
Processes, eds M. A. Peterson and G. Rhodes (Oxford: Oxford University Press),
21-52.

Bentin, S., Allison, T., Puce, A., Perez, E., and McCarthy, G. (1996).
Electrophysiological studies of face perception in humans. J. Cogn. Neurosci.
8, 551-565. doi: 10.1162/jocn.1996.8.6.551

Bienvenu, O. J., Samuels, J. F., Riddle, M. A., Hoehn-Saric, R., Liang, K. Y., Cullen,
B., et al. (2000). The relationship of obsessive-compulsive disorder to possible
spectrum disorders: results from a family study. Biol. Psychiatry 48, 287-93. doi:
10.1016/S0006-3223(00)00831-3

Bredfeldt, C. E., and Ringach, D. L. (2002). Dynamics of spatial frequency tuning
in macaque V1. J. Neurosci. 22, 1976-1984.

Bruce, V., and Young, A. (1986). Understanding face recognition. Br. J. Psychol.
77(Pt 3), 305-27. doi: 10.1111/§.2044-8295.1986.tb02199.x

Campanella, S., Montedoro, C., Streel, E., Verbanck, P., and Rosier, V. (2006).
Early visual components (P100, N170) are disrupted in chronic schizophrenic
patients: an event-related potentials study. Neurophysiol. Clin. 36, 71-78. doi:
10.1016/j.neucli.2006.04.005

Campbell, F. W. and Robson, J. G. (1968).
analysis to the visibility of gratings. J. Physiol.
10.1113/jphysiol.1968.sp008574

Delorme, A., and Makeig, S. (2004). EEGLAB: an open source toolbox for analysis
of single-trial EEG dynamics including independent component analysis. J.
Neurosci. Methods 134, 9-21. doi: 10.1016/j.jneumeth.2003.10.009

Deruelle, C., Mancini, J., Livet, M. O., Cassé-Perrot, C., and de Schonen, S. (1999).
Configural and local processing of faces in children with Williams syndrome.
Brain Cogn. 41, 276-298. doi: 10.1006/brcg.1999.1127

Dodin, V., and Nandrino, J.-L. (2003). Cognitive processing of anorexic patients
in recognition tasks: an event-related potentials study. Int. J. Eat. Disord. 33,
299-307. doi: 10.1002/eat.10145

Eisen, J. L., Phillips, K. A., Baer, L., Beer, D. A, Atala, K. D., and Rasmussen, S.
A. (1998). The brown assessment of beliefs scale: reliability and validity. Am. J.
Psychiatry 155, 102-8. doi: 10.1176/ajp.155.1.102

Eisen, J. L., Phillips, K. A., Coles, M. E., and Rasmussen, S. A. (2006). Insight
in obsessive compulsive disorder and body dysmorphic disorder. Compr.
Psychiatry 45, 10-15. doi: 10.1016/j.comppsych.2003.09.010

Fairburn, C. G., Cooper, Z., and Connor, M. O. (2008). “Eating disorder
examination (Edition 16.0D), in Cognitive Behavior Therapy and Eating
Disorders, ed C. G. Fairburn (New York, NY: Guilford Press).

Faravelli, C., Salvatori, S., Galassi, F., Aiazzi, L., Drei, C., and Cabras, P. (1997).
Epidemiology of somatoform disorders: a community survey in Florence. Soc.
Psychiatry Psychiatr. Epidemiol. 32, 24-9. doi: 10.1007/BF00800664

Feusner, J., Donatello, A., Li, W., Zhan, L., GadElkarim, J., Thompson,
P. M., et al. (2014). White matter microstructure in body dysmorphic
disorder and its clinical correlates. Psychiatry Res. 211, 132-140. doi:
10.1016/j.pscychresns.2012.11.001

Feusner, J., Hembacher, E., Moller, H., and Moody, T. D. (2011). Abnormalities
of object visual processing in body dysmorphic disorder. Psychol Med. 41,
2385-2397. doi: 10.1017/S0033291711000572

Feusner, J. D., Moody, T., Hembacher, E., Townsend, J., McKinley, M., Moller,
H., et al. (2010). Abnormalities of visual processing and frontostriatal
systems in body dysmorphic disorder. Arch. Gen. Psychiatry 67, 197-205. doi:
10.1001/archgenpsychiatry.2009.190

Feusner, J. D., Townsend, J., Bystritsky, A., and Bookheimer, S. (2007). Visual
information processing of faces in body dysmorphic disorder. Arch. Gen.
Psychiatry 64, 1417-1425. doi: 10.1001/archpsyc.64.12.1417

Gish, K., Shulman, G. L., Sheehy, J. B., and Leibowitz, H. W. (1986). Reaction
times to different spatial frequencies as a function of detectability. Vision Res.
26, 745-747. doi: 10.1016/0042-6989(86)90088-X

Goffaux, V., and Rossion, B. (2006). Faces are “spatial”-holistic face perception is
supported by low spatial frequencies. J. Exp. Psychol. Hum. Percept. Perform.
32,1023-1039. doi: 10.1037/0096-1523.32.4.1023

Application of fourier
197, 551-566. doi:

Goodale, M. A., and Milner, A. D. (1992). Separate visual pathways for perception
and action. Trends Neurosci. 15, 20-5. doi: 10.1016/0166-2236(92)90344-8
Gunstad, J., and Phillips, K. A. (2003). Axis I comorbidity in body dysmorphic
disorder. Compr. Psychiatry 44, 270-276. doi: 10.1016/S0010-440X(03)
00088-9

Halit, H., Haan, M., De Schyns, P. G., and Johnson, M. H. (2006). Is high-spatial
frequency information used in the early stages of face detection? Brain Res.
1117, 154-161. doi: 10.1016/j.brainres.2006.07.059

Hamilton, M. (1960). A rating scale for depression. J. Neurol. Neurosurg. Psychiatry
23, 56-63. doi: 10.1136/jnnp.23.1.56

Herrmann, M. ], Ehlis, A.-C., Ellgring, H., and Fallgatter, A. J. (2005). Early stages
(P100) of face perception in humans as measured with event-related potentials
(ERPs). J. Neural Transm. 112, 1073-1081. doi: 10.1007/s00702-004-0250-8

Herrmann, M. J., Ellgring, H., and Fallgatter, A. J. (2004). Early-Stage Face
Processing Dysfunction in patients with Schizophrenia. Am. J. Psychiatry 161,
915-917. doi: 10.1176/appi.ajp.161.5.915

Hollander, E.,, Cohen, L. J, and Simeon, D. (1993). Body dysmorphic
disorder. Psychiatr. Ann. 23, 359-363. doi: 10.3928/0048-5713-1993
0701-06

Jackson, C. E., and Snyder, P. J. (2008). Electroencephalography and event-related
potentials as biomarkers of mild cognitive impairment and mild Alzheimer’s
disease. Alzheimers. Dement. 4, S137-S143. doi: 10.1016/].jalz.2007.10.008

Javitt, D. C. (2009). When doors of perception close: bottom-up models of
disrupted cognition in Schizophrenia. Annu. Rev. Clin. Psychol. 5,249-275. doi:
10.1146/annurev.clinpsy.032408.153502

Keel, P. K., Dorer, D. J., Franko, D. L., Jackson, S. C., and Herzog, D. B. (2005).
Postremission predictors of relapse in women with eating disorders. Am. J.
Psychiatry 162, 2263-2268. doi: 10.1176/appi.ajp.162.12.2263

Kennedy, S. H., Kaplan, A. S., Garfinkel, P. E., Rockert, W., Toner, B., and
Abbey, S. E. (1994). Depression in anorexia nervosa and bulimia nervosa:
Discriminating depressive symptoms and episodes. J. Psychosom. Res. 38,
773-782. doi: 10.1016/0022-3999(94)90030-2

Kerwin, L., Hovay, S., Hellemann, G., and Feusner, J. D. (2014). Impairment
in local and global processing and set-shifting in body dysmorphic disorder.
J. Psychiatr. Res. 57, 41-50. doi: 10.1016/j.jpsychires.2014.06.003

Kim, Y.-R., Lim, S.-J., and Treasure, J. (2011). Different patterns of emotional
eating and visuospatial deficits whereas shared risk factors related with social
support between anorexia nervosa and bulimia nervosa. Psychiatry Investig. 8,
9-14. doi: 10.4306/pi.2011.8.1.9

Knebel, J.-F., Javitt, D. C., and Murray, M. M. (2011). Impaired early visual
response modulations to spatial information in chronic schizophrenia.
Psychiatry Res. 193, 168-176. doi: 10.1016/j.pscychresns.2011.02.006

Li, W., Arienzo, D., and Feusner, J. D. (2013). Body dysmorphic disorder:
neurobiological features and an updated model. J. Clin. Psychol. Psychother. 42,
184-191. doi: 10.1026/1616-3443/a000213

Lopez, C., Tchanturia, K., Stahl, D., and Treasure, J. (2008). Central coherence
in eating disorders: a systematic review. Psychol. Med. 38, 1393-1404. doi:
10.1017/50033291708003486

Lopez, C., Tchanturia, K., Stahl, D., and Treasure, J. (2009). Weak central
coherence in eating disorders: a step towards looking for an endophenotype
of eating disorders. J. Clin. Exp. Neuropsychol. 31, 117-125. doi:
10.1080/13803390802036092

Marr, D. (1982). Vision. Available online at: https://books.google.co.in/books?id=
EehUQwAACAA]J&printsec=frontcover%5C+npapers2://publication/uuid/FB
D15E5F-E503-450B-B059-4C15D54099CE&hl=en

Maurer, D., Grand, R. L., and Mondloch, C. J. (2002). The many faces of configural
processing. Trends Cogn. Sci. 6, 255-260. doi: 10.1016/S1364-6613(02)
01903-4

Morrison, D. J., and Schyns, P. G. (2001). Usage of spatial scales for the
categorization of faces, objects, and scenes. Psychon. Bull. Rev. 8, 454-469. doi:
10.3758/BF03196180

Nakashima, T., Kaneko, K., Goto, Y., Abe, T., Mitsudo, T., Ogata, K., et al.
(2008). Early ERP components differentially extract facial features: evidence
for spatial frequency-and-contrast detectors. Neurosci. Res. 62, 225-235. doi:
10.1016/j.neures.2008.08.009

Otto, M. W., Wilhelm, S., Cohen, L. S., and Harlow, B. L. (2001). Prevalence of
body dysmorphic disorder in a community sample of women. Am. J. Psychiatry
158, 2061-3. doi: 10.1176/appi.ajp.158.12.2061

Frontiers in Human Neuroscience | www.frontiersin.org

11

June 2015 | Volume 9 | Article 301


https://books.google.co.in/books?id=EehUQwAACAAJ&printsec=frontcover%5C+npapers2://publication/uuid/FBD15E5F-E503-450B-B059-4C15D54099CE&hl=en
https://books.google.co.in/books?id=EehUQwAACAAJ&printsec=frontcover%5C+npapers2://publication/uuid/FBD15E5F-E503-450B-B059-4C15D54099CE&hl=en
https://books.google.co.in/books?id=EehUQwAACAAJ&printsec=frontcover%5C+npapers2://publication/uuid/FBD15E5F-E503-450B-B059-4C15D54099CE&hl=en
http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive

Lietal

Aberrant visual activity in AN/BDD

Parker, D. M., and Dutch, S. (1987). Perceptual latency and spatial frequency.
Vision Res. 27, 1279-1283. doi: 10.1016/0042-6989(87)90204-5

Perugi, G., Akiskal, H. S., Giannotti, D., Frare, F., Di Vaio, S., and Cassano,
G. B. (1997). Gender-related differences in body dysmorphic disorder
(dysmorphophobia). J. Nerv. Ment. Dis. 185, 578-582. doi: 10.1097/00005053-
199709000-00007

Phillips, K. A. (2005). Clinical features and treatment of body dysmorphic disorder.
J. Lifelong Learn. Psychiatry 3, 179-183. doi: 10.1176/foc.3.2.179

Phillips, K. A., Hollander, E., Rasmussen, S. A., Aronowitz, B. R, Decaria, C., and
Goodman, W. K. (1997). A severity rating scale for body dysmorphic disorder:
development, reliability, and validity of a modified version of the yale-brown
obsessive compulsive scale. Psychopharmacol. Bull. 33, 17-22.

Phillips, K. A., Menard, W., Fay, C., and Weisberg, R. (2006a). Demographic
characteristics, phenomenology, comorbidity, and family history in 200
individuals with body dysmorphic disorder. Psychosomatics 46, 317-325. doi:
10.1176/appi.psy.46.4.317

Phillips, K. A., Menard, W., Pagano, M. E., Fay, C, and Stout, R. L.
(2006b). Delusional versus nondelusional body dysmorphic disorder:
clinical features and course of illness. J. Psychiatr. Res. 40, 95-104. doi:
10.1016/j.jpsychires.2005.08.005

Pollatos, O., Herbert, B. M., Schandry, R., and Gramann, K. (2008). Impaired
central processing of emotional faces in anorexia nervosa. Psychosom. Med. 70,
701-708. doi: 10.1097/PSY.0b013e31817e41e6

Pourtois, G., Dan, E. S., Grandjean, D., Sander, D., and Vuilleumier, P. (2005).
Enhanced extrastriate visual response to bandpass spatial frequency filtered
fearful faces: time course and topographic evoked-potentials mapping. Hum.
Brain Mapp. 26, 65-79. doi: 10.1002/hbm.20130

Rief, W., Buhlmann, U., Wilhelm, S., Borkenhagen, A., and Brihler, E. (2006). The
prevalence of body dysmorphic disorder: a population-based survey. Psychol.
Med. 36, 877-885. doi: 10.1017/50033291706007264

Roberts, M. E., Tchanturia, K., and Treasure, J. L. (2013). Is attention
to detail a similarly strong candidate endophenotype for anorexia
nervosa and bulimia nervosa? World J. Biol. Psychiatry 14, 452-463. doi:
10.3109/15622975.2011.639804

Rossion, B., Gauthier, I., Tarr, M. J., Despland, P., Bruyer, R., Linotte, S., et al.
(2000). The N170 occipito-temporal component is delayed and enhanced to
inverted faces but not to inverted objects: an electrophysiological account
of face-specific processes in the human brain. Neuroreport 11, 69-74. doi:
10.1097/00001756-200001170-00014

Rossion, B., Joyce, C. A., Cottrell, G. W., and Tarr, M. J. (2003). Early
lateralization and orientation tuning for face, word, and object processing in
the visual cortex. Neuroimage 20, 1609-1624. doi: 10.1016/j.neuroimage.2003.
07.010

Ruffolo, J. S., Phillips, K. A., Menard, W., Fay, C., and Weisberg, R. B. (2006).
Comorbidity of body dysmorphic disorder and eating disorders: severity of
psychopathology and body image disturbance. Int. J. Eat. Disord. 39, 11-19.
doi: 10.1002/eat.20219

Sachdev, P., Mondraty, N., Wen, W., and Gulliford, K. (2008). Brains of
anorexia nervosa patients process self-images differently from non-
self-images: an fMRI study. Neuropsychologia 46, 2161-2168. doi:
10.1016/j.neuropsychologia.2008.02.031

Sagiv, N., and Bentin, S. (2001). Structural encoding of human and schematic
faces: holistic and part-based processes. J. Cogn. Neurosci. 13, 937-951. doi:
10.1162/089892901753165854

Schwaninger, A., Lobmaier, J., and Collishaw, S. (2002). “Role of featural
and configural information in familiar and unfamiliar face recognition,”
in Biologically Motivated Computer Vision (Springer: Berlin; Heidelberg),
643-650. doi: 10.1007/3-540-36181-2_64

Sheehan, D., Lecrubier, Y., Sheehan, H., Amorim, P., Janavs, J., Weiller, E.,
etal. (1998). The Mini-International Neuropsychiatric Interview (M.LN.L): the
development and validation of a structured Diagnostic Psychiatric Interview for
DSM-1V and ICD-10. J. Clin. Psychiatry 59, 22-33.

Skrzypek, S., Wehmeier, P. M., and Remschmidt, H. (2001). Body image
assessment using body size estimation in recent studies on anorexia
nervosa. A brief review. Eur. Child Adolesc. Psychiatry 10, 215-221. doi:
10.1007/5007870170010

Smeets, M. A., Ingleby, J. D., Hoek, H. W., and Panhuysen, G. E. (1999). Body size
perception in anorexia nervosa: a signal detection approach. J. Psychosom. Res.
46, 465-477. doi: 10.1016/S0022-3999(99)00005-7

Spehlmann, R. (1965). The averaged electrical responses to diffuse and to patterned
light in the human. Electroencephalogr. Clin. Neurophysiol. 19, 560-569. doi:
10.1016/0013-4694(65)90241-5

Streit, M., Wolwer, W., Brinkmeyer, J., Ihl, R., and Gaebel, W. (2001). EEG-
correlates of facial affect recognition and categorisation of blurred faces in
schizophrenia patients and healthy volunteers. Schizophr. Res. 49, 145-155. doi:
10.1016/50920-9964(00)00041-4

Sullivan, P. F. (1995). Mortality in anorexia nervosa. Am. J. Psychiatry 152,
1073-1074. doi: 10.1176/ajp.152.7.1073

Swinbourne, J. M., and Touyz, S. W. (2007). The co-morbidity of eating disorders
and anxiety disorders: a review. Eur. Eat. Disord. Rev. 15, 253-274. doi:
10.1002/erv.784

Tanaka, J. W., and Farah, M. J. (1993). Parts and wholes in face recognition. Q. J.
Exp. Psychol. A. 46, 225-45. doi: 10.1080/14640749308401045

Tenconi, E., Santonastaso, P., Degortes, D., Bosello, R., Titton, F., Mapelli,
D., et al. (2010). Set-shifting abilities, central coherence, and handedness
in anorexia nervosa patients, their unaffected siblings and healthy controls:
exploring putative endophenotypes. World J. Biol. Psychiatry 11, 813-823. doi:
10.3109/15622975.2010.483250

Uher, R., Murphy, T., Friederich, H.-C., Dalgleish, T., Brammer, M. ., Giampietro,
V., et al. (2005). Functional neuroanatomy of body shape perception in
healthy and eating-disordered women. Biol. Psychiatry 58, 990-997. doi:
10.1016/j.biopsych.2005.06.001

Urgesi, C., Fornasari, L., Canalaz, F., Perini, L., Cremaschi, S., Faleschini, L., et al.
(2013). Impaired configural body processing in anorexia nervosa: evidence
from the body inversion effect. Br. J. Psychol. 105, 1-23. doi: 10.1111/bjop.
12057

Veale, D., Boocock, A., Gournay, K., Dryden, W., Shah, F., Willson, R., et al. (1996).
Body dysmorphic disorder: a survey of fifty cases. Br. J. Psychiatry 169, 196-201.
doi: 10.1192/bjp.169.2.196

Wagner, A., Ruf, C. A. M., Braus, D. F., and Schmidt, M. H. (2003). Neuronal
activity changes and body image distortion in anorexia nervosa. Neuroreport
14, 2193-2197. doi: 10.1097/01.wnr.0000089567

Williams, J. B. W., and Kobak, K. A. (2008). Development and reliability of a
structured interview guide for the Montgomery Asberg Depression Rating
Scale (SIGMA). Br. ]. Psychiatry 192, 52-58. doi: 10.1192/bjp.bp.106.032532

Zimmerman, M., and Mattia, J. I. (1998). Body dysmorphic disorder in psychiatric
outpatients: Recognition, prevalence, comorbidity, demographic, and clinical
correlates. Compr. Psychiatry 39, 265-270. doi: 10.1016/S0010-440X(98)
90034-7

Conflict of Interest Statement: This study was funded by grant NIH MH093535-
02S1 (Feusner) and a grant from the International OCD Foundation (Li). All
authors report no biomedical financial interests or potential conflicts of interest.
The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict
of interest.

Copyright © 2015 Li, Lai, Loo, Strober, Mohammad-Rezazadeh, Khalsa and Feusner.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) or licensor are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Human Neuroscience | www.frontiersin.org

June 2015 | Volume 9 | Article 301


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive

Lietal

Aberrant visual activity in AN/BDD

Appendix

ERSP: Event Related Synchronization and
Desynchronization

To complement our event related potential (ERP) analyses,
we also performed time-frequency analyses using event related
spectral perturbances (ERSP) to characterize ongoing EEG
rhythmic activity and their frequency power spectrum over time.
ERSPs provide information about modulations of oscillatory
activity not phase-locked to the stimulus, as are ERPs
(Pfurtscheller and Lopes da Silva, 1999). We chose to examine
event-related synchronization (ERS) and desynchronization
(ERD) in the alpha (8-12 Hz) and theta (4-7 Hz) ranges during
the first 200 ms post-stimulus; ERD and ERS are considered
to be due to decreases or increases in synchrony of the
underlying neuronal populations, respectively (Pfurtscheller and
Lopes da Silva, 1999). During visual processing, alpha and
theta normally respond in opposite ways; theta synchronizes
while alpha desynchronizes, relative to baseline (Pfurtscheller
et al., 1996). The alpha ERD (and corresponding theta ERS)
is thought to be a reflection of activation of cortical areas
related to sensory processing, and could be the result of
increased attention, effort, or arousal (Pfurtscheller and Lopes
da Silva, 1999). We used these frequency measures to better
understand the effects of these cognitive and attentional
variables on the early visual processing occurring in AN
and BDD.

We also used intertrial coherence (ITC) to measure the
consistency of phase across trials at each frequency and time
point (Makeig et al., 2002). In this way, we are able to investigate
any abnormalities in phase synchronization or phase consistency
across trials in AN and BDD.

Methods

Single trials (from 0.5s before stimulus to 2s after) were
convolved time locked to a complex morlet wavelet, setting the
number of cycles to be 3 in 1s. This resulted in 3Hz as the
lowest frequency analyzed. Spectral power modulations were
measured relative to a baseline of 200 ms pre-stimulus. We
collapsed all three spatial frequencies for these analyses, as we
did not have any a priori hypotheses about spatial frequency,
and to increase number of trials for the analysis. Comparisons
were performed using averaged power or ITC values from time-
frequency windows chosen around the frequency and time ranges
of interest (Alpha: 8-12Hz, Theta: 4-7Hz, P100: 72-128 ms,
N170: 140-196 ms). We performed a Four-Way ANOVA, with
Group (AN, BDD, controls), Electrode (Oz, Pz), Frequency
(Alpha 8-12 Hz, Theta 4-7 Hz), and Component (P1, N170) as
factors. Significant ANOVAs were submitted to post-hoc One-
Way ANOVAs and Tukey tests to compare pairwise effects of
interest.

References
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evoked responses.  Science 295, 690-694. doi:  10.1126/science.
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Results
We found a trend for a group by frequency interaction effect
[Fo, 471y = 2.745, p = 0.065] for the faces task. Post-hoc
univariate ANOVAs performed on the individual frequencies
showed a trend for a significant difference in the alpha range
[F2, 235 = 3.017, p = 0.051]. Pairwise comparisons found that
this was driven by AN having greater alpha desynchronization
compared with controls (p = 0.041).

We did not find any significant differences in ITC between
groups.

Correlations with Face Ratings

Based on the group results findings, we performed post-hoc
Pearson correlation analyses within the AN group between alpha
power and participants’ subjective ratings of the attractiveness,
aversiveness, and degree to which thoughts of self were triggered
when viewing the face stimuli (collected after the experiment).
There were no significant outliers as determined by leverage
values. We found a significant positive correlation between alpha
power and aversiveness ratings (r 0.67, p = 0.017). Thus,
lower alpha power (which occurs with desynchronization and
may reflect increased attention, effort, or arousal) is associated
with lower subjective aversiveness of the face.

Correlations with Sleep and Tiredness Ratings
We also performed post-hoc Pearson correlation analyses on the
significant measures from the ERP analyses (N170 Amplitude
Faces HSE, N170 Latency Houses LSF, P100 Amplitude Faces LSE,
P100 Amplitude Faces NSE, and P100 Amplitude Faces HSF) with
sleep and tiredness ratings for AN and BDD groups. However, we
found no significant associations.

Correlations with Reaction Time

To investigate the effects of variations of reaction time on
ERP measures, we performed correlations with each EEG
measure (P100 amplitude, N170 amplitude, N170 latency) and
the corresponding reaction times. We found no significant
correlations at corrected threshold 0f.05/3 = 0.016.

Table S1 |
RT
P100_AMP Pearson Correlation -0.061
Sig. (2-tailed) 0.250
N 356
N170_AMP Pearson Correlation -0.101
Sig. (2-tailed) 0.057
N 356
N170_LAT Pearson Correlation -0.014
Sig. (2-tailed) 0.796
N 356
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110, 1842-1857.

Pfurtscheller, G., Stancék, A., Neuper, C, (1996). Event-related synchronization
(ERS) in the alpha band-an electrophysiological correlate of cortical idling: a
review. Int. J. Psychophysiol. 24, 39-46.
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