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Functional connectivity for face processing in
individuals with body dysmorphic disorder and
anorexia nervosa

T. D. Moodyl*, M. A. Sasaki', C. Bohon?, M. A. Strober’, S. Y. Bookheimer?, C. L. Sheen! and
J. D. Feusner®

1Psychiatry and Biobehavioral Sciences, UCLA, Los Angeles, CA, USA
2 Psychiatry and Biobehavioral Sciences, Stanford University School of Medicine, Stanford, CA, USA

Background. Body dysmorphic disorder (BDD) and anorexia nervosa (AN) are both characterized by distorted percep-
tion of appearance. Previous studies in BDD suggest abnormalities in visual processing of own and others’ faces, but no
study has examined visual processing of faces in AN, nor directly compared the two disorders in this respect.

Method. We collected functional magnetic resonance imaging data on 60 individuals of equivalent age and gender in
each of three groups — 20 BDD, 20 weight-restored AN, and 20 healthy controls (HC) — while they viewed images of
others’ faces that contained only high or low spatial frequency information (HSF or LSF). We tested hypotheses about
functional connectivity within specialized sub-networks for HSF and LSF visual processing, using psychophysiological
interaction analyses.

Results. The BDD group demonstrated increased functional connectivity compared to HC between left anterior occipital
face area and right fusiform face area (FFA) for LSF faces, which was associated with symptom severity. Both BDD and
AN groups had increased connectivity compared to HC between FFA and precuneous/posterior cingulate gyrus for LSF
faces, and decreased connectivity between FFA and insula. In addition, we found that LSF connectivity between FFA and
posterior cingulate gyrus was significantly associated with thoughts about own appearance in AN.

Conclusions. Results suggest similar abnormal functional connectivity within higher-order systems for face processing
in BDD and AN, but distinct abnormal connectivity patterns within occipito-temporal visual networks. Findings may
have implications for understanding relationships between these disorders, and the pathophysiology underlying percep-
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tual distortions.
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Introduction

Body dysmorphic disorder (BDD) is a psychiatric dis-
order in which individuals are preoccupied with mis-
perceived defects in their physical appearance, often
involving facial features. Like those with BDD, indivi-
duals with anorexia nervosa (AN) experience distorted
perceptions of appearance, but they mainly stem from
the conviction of being overweight despite extreme
thinness. AN and BDD share a peak age of onset dur-
ing adolescence, and have similar diagnostic co-
morbidities (Phillips & Kaye, 2007; Swinbourne &
Touyz, 2007; Kollei et al. 2012). AN and BDD often co-
occur — upwards of 32% of patients with BDD report a
lifetime eating disorder (Ruffolo ef al. 2006), and the
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converse is true for between 25% and 39% of those
with AN (Grant et al. 2002, Rabe-Jablonska Jolanta &
Sobow Tomasz, 2000). Further, there is over concern
with the appearance of specific body parts, such as
size of abdomen, hips, and thighs (Grant & Phillips,
2004). On the other hand, there are important differ-
ences; notably in gender distribution, which is far
less skewed toward females in BDD (Rief et al. 2006;
Koran ef al. 2008; Buhlmann et al. 2010). BDD is also
characterized by more negative self-evaluation, poorer
self-worth, and more avoidance of social activities
compared to AN (Rosen & Ramirez, 1998; Hrabosky
et al. 2009; Kollei et al. 2012). These similarities raise
the possibility that AN and BDD may experience par-
tially shared abnormalities in visual processing,
expressed in pathological extremes of body shape or
size perception (Cororve & Gleaves, 2001).

Previous research by the authors suggests abnormal-
ities in the processing of configural and holistic visual
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information (Feusner ef al. 2007, 2011) along with
abnormalities in brain network organization and
white-matter microstructure in BDD (Arienzo et al.
2013; Buchanan et al. 2013; Feusner et al. 2013).
Although several neuroimaging studies in AN suggest
abnormal brain activation when visually processing
body images (Wagner et al. 2003; Uher et al. 2005;
Sachdev et al. 2008) no studies have directly compared
visual processing, or patterns of functional connectiv-
ity across BDD and AN — an approach that may eluci-
date transdiagnostic neural phenotypes (Insel &
Cuthbert, 2009).

Here we report on functional connectivity within an
occipito-temporal visual network specialized for face
processing, using a task-functional magnetic resonance
imaging (fMRI) experiment. We interrogated this cir-
cuit with face stimuli because of the abundant back-
ground knowledge of face processing from studies
conducted with healthy controls (HC), and because
prior studies by our group in BDD allowed for a test-
able model of an aberrant phenotype shared by BDD
and AN (Hrabosky et al. 2009).

A model of aberrant visual information processing

Available neurophysiological and MRI data depict
circuitry and nodes of information flow governing
the processing of visual stimuli at high and low spatial
frequency (HSF/LSF, respectively). HSF information
conveys the fine details of an image, while LSF infor-
mation provides the coarse features, including confi-
gural and holistic elements; it is the joint processing
of these spatial frequency details that form integrated
percepts (Bullier, 2001). Consistent with this model,
there is evidence of a disassociation in occipital and
temporal cortices for HSF and LSF information
(Hegde, 2008) and for specialized sub-networks for
processing different spatial frequency information
(Shipp & Zeki, 1995; Shipp, 2001). The well-described
face-processing network that includes the occipital
face area and right fusiform face area (R FFA; Fox
et al. 2009) also has specialized sub-networks for HSF
and LSF information (Shipp & Zeki, 1995; Rotshtein
et al. 2007; Shipp, 2001).

Accordingly, we tested a model proposed by
Rotshtein et al. (2007), supported, as well, by multiple
previous psychophysical, fMRI and electroencephalo-
graphic studies (see Ruiz-Soler & Beltran, 2006 for a
review), which posits convergence of LSF and HSF
processing in R FFA from an earlier split in the
processing stream. We examine a model of con-
vergence of LSF and HSF processing at the R FFA,
wherein LSF information feeds forward bilaterally via
an anterior occipital face area to R FFA, and HSF
information feeds forward via a posterior occipital

face area to left inferior temporal gyrus (ITG), and
then to R FFA (Rotshtein et al. 2007). This model of
face processing, provided a structure for testing our
hypotheses regarding visual processing abnormalities
in AN and BDD (Fig. 1).

Based on previous fMRI studies in BDD (Feusner
et al. 2007, 2010, 2011), and assuming similar visual
processing abnormalities in AN as in BDD, we
hypothesized that BDD and AN would have reduced
functional connectivity compared to HC within an
occipito-temporal face network, specifically between
the anterior occipital face area (right and left) and R
FFA for LSF stimuli. For HSF stimuli, because previous
studies in BDD have not found abnormal activation for
HSF images in visual systems, we hypothesized that
BDD, AN, and HC would not differ in functional con-
nectivity between the posterior occipital face area and
R FFA, nor between left ITG and R FFA. We also
predicted that AN and BDD would have greater func-
tional connectivity than HC between the R FFA and
regions in the salience network for HSF, but not for
LSF, due to greater salience of details of appearance-
related features. The salience network is important in
processing interoceptive information (Seeley et al.
2007), and a recent study found reduced salience
network activity in AN (McFadden et al. 2014). In add-
itional exploratory analyses, we investigated whole-
brain connectivity using R FFA as a seed to probe for
other aberrant neural circuitry.

Participants and method
Participants

We recruited 60 adults, aged 2048 years, in three
groups: BDD (n=20), weight-restored AN (n=20),
and HC (n =20). All participants gave written informed
consent for the UCLA Institutional Review Board-
approved protocol.

Clinical evaluations were performed for BDD parti-
cipants by J.D.F. and for AN participants by C.B. or
M.S. We screened participants for primary or co-
morbid diagnoses with the Mini-International
Neuropsychiatric Interview (MINI v. 6.0; Sheehan
et al. 1998). We assessed for severity of psychiatric
symptoms using the Hamilton Anxiety Rating Scale
(HAMA; Hamilton, 1959), Brown Assessment of
Beliefs Scale (BABS; Eisen ef al. 1998), and the
Montgomery-Asberg ~ Depression  Rating  Scale
(MADRS; Montgomery & Asberg, 1979). In addition,
BDD participants received the BDD version of the
Yale-Brown Obsessive-Compulsive Scale (BDD-
YBOCS; Phillips et al. 1997), and AN participants
received a modified version of the Eating Disorder
Evaluation Edition 16.0D (EDE; Fairburn et al. 2008).



All of our AN participants were restricting type and
were weight-restored.

All participants had normal/corrected visual acuity,
as tested with a Snellen eye chart, and all were right-
handed, per the Edinburgh Handedness Inventory
(Oldfield, 1971). One BDD and one AN participant
was taking psychiatric medications and the rest were
unmedicated.

AN and BDD inclusion/exclusion criteria

BDD individuals were eligible who met DSM-IV cri-
teria using the BDD Diagnostic Module (Phillips et al.
1995) and had a score of >20 on the BDD-YBOCS.
Any screened BDD individual positive for a lifetime
diagnosis of AN or bulimia nervosa was excluded.
Individuals with AN were eligible if they met
DSM-1V criteria (excluding the requirement of amenor-
rhea) and had a body mass index (BMI) of >18.5. We
chose to study only weight-restored AN individuals to
avoid confounds of starvation on brain activity. Six of
the 20 AN participants and three of the 20 BDD parti-
cipants were in treatment at the time of the study.
Individuals with co-morbid AN and BDD were
excluded, as were those with concurrent Axis I disor-
ders besides major depression, dysthymia, panic dis-
order, social phobia, generalized anxiety disorder.
These diagnoses were allowed given their frequency
in BDD and AN, and our wish to recruit a representa-
tive clinical sample. Individuals were excluded if they
had current substance use disorders.

HC exclusion criteria

HC participants could not meet any criteria for Axis I
disorders, including substance use disorders.

Ethical standards

The authors assert that all procedures contributing to
this work comply with the ethical standards of the rele-
vant national and institutional committees on human
experimentation and with the Helsinki Declaration of
1975, as revised in 2008.

Faces: stimuli and task

Visual stimuli included neutral-expression faces, spa-
tial frequency-filtered to include only HSF and LSF
as previously described (Iidaka et al. 2004). The forced-
choice, two-sample task consisted of a target face and
two selection faces that appeared simultaneously on
the screen for 4s (Fig. 2). Participants pressed the
right or left button to choose the selection face that
was identical to the target face, and after the partici-
pant responded, the fixation cross appeared during
the inter-stimulus interval of 0.5 s. We told participants
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to respond as quickly as possible. The control task con-
sisted of matching ovals and circles. (Normal spatial
frequency face images were also shown but were not
part of this analysis.) A total of 48 sets of face stimuli
were presented in alternating blocks of HSF, LSF,
NSF, or control, with four sets of images per block.
The order of stimuli was counterbalanced across parti-
cipants using a Latin squares design.

MRI acquisition protocol

Scanning was performed on a 3-T Siemens TRIO at
the Ahmanson-Lovelace Brain Mapping Center at
University of California, Los Angeles. We collected
blood oxygenation level dependent (BOLD) functional
echo-planar images (EPI) using: repetition time (TR)
2.5s; echo time (TE) 25ms; flip angle, 80° voxel
dimensions, 3 x 3 x 3mm; 0.75mm gap; field-of-
view, 192 mm; matrix, 64 x 64; 133 measurements; 32
slices. Data collected during the first three TRs were
discarded for T1 equilibration. A matched-bandwidth
T2 structural scan, co-planar to the EPIs, was acquired:
TR of 5s; TE, 34 ms; flip angle, 90°; 32 slices; voxel
dimensions, 1.5 x 1.5 x 3 mm, field-of-view, 192 mm;
and matrix, 128 x 128. We obtained a high-resolution
MPRAGE T1-weighted image to provide detailed
brain anatomy with: TR 1.9s, TE 2.26 ms, and voxel
dimensions 1 x 1 x 1 mm.

MRI data processing

MRI data were processed using FEAT (FMRI Expert
Analysis Tool) version 6.0, part of FSL (FMRIB's
Software  Library; http://www.fmrib.ox.ac.uk/fsl).
Image processing steps included motion correction,
skull-stripping, spatial smoothing, normalization, and
temporal filtering. Registration to standard space was
carried out using a three-step transformation to regis-
ter each functional image to a co-planar structural
image, then to MPRAGE, and finally to Montreal
Neurological Institute (MNI) standard brain space.
We visually inspected all images for proper registra-
tion as well as relative and absolute motion to identify
motion spikes. There was not a significant effect of mo-
tion among groups as measured by DVARS (F57,=
141, p=0.25) where DVARS is D: temporal
Derivative of time courses; VARS: root mean square
VARiance over voxels, a measure of the change rate
of signal across the brain. Additional details of motion
calculation and exclusions are given in the
Supplementary material.

Face-processing model: seeds and targets

The model of face processing which underlies our ana-
lysis is diagrammed in Fig. 1a. We tested LSF and HSF
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Fig. 1. (a) Model of face-processing regions: LSF, low spatial frequency; HSF, high spatial frequency; FFA, fusiform face area;
ITG, inferior temporal gyrus. Regions specialized for LSF processing in purple and HSF processing in green and aqua; regions

specialized for both LSF and HSF in yellow (adapted from Rotshtein ef al. 2007). Right-most panel shows regions within the

salience network, in red. (b) Seed and target masks for functional connectivity analyses. (1), (b) FFA mask shown in yellow,
bilateral anterior occipital face area seeds in purple, right posterior occipital face area seed in green, and left ITG seed in aqua.

(c) Salience network mask, in red.

streams separately: functional connectivity between
left and right anterior occipital face areas and R FFA
for LSF faces; and between right posterior occipital
face area and R FFA, and left ITG and R FFA, for
HSF faces. Functional seeds for each group were

derived from data during face processing, using the
leave-one-subject-out (LOSO) procedure to reduce
bias due to non-independence (Esterman et al. 2010).
We created separate group LOSO masks of right and
left anterior occipital face area, right posterior occipital
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(b) HSF LSF

+ HSF faces LSF faces
p————————— —
20 4 1 1

Time intervals in seconds =————————

NSF faces

Control X4

Fig. 2. (a) Example face stimuli. HSF, High spatial frequency; LSF, low spatial frequency; NSF, normal spatial frequency. (b)
Functional magnetic resonance imaging experimental design: matching task in blocks of HSF, LSF, and NSF faces, alternating

with control task of circles and ovals.

face area, left ITG, and right R FFA, to functionally lo-
calize face visual processing areas (Fig. 1b). The sali-
ence network mask was derived from the Harvard
Oxford Atlas, comprised of orbitofrontal, anterior cin-
gulate, and insula masks thresholded at 50% (Seeley
et al. 2007). (See Supplementary method for LOSO
analysis.)

Statistical analyses

We used one-way ANOVAs and y* tests to assess dif-
ferences among groups for our demographic, clinical,
and task performance measures.

We calculated functional connectivity using psycho-
physiological interaction (PPI) analyses (Friston et al.
1997). PPI is a hypothesis-driven method of analyzing
functional connectivity of brain regions during a
specific task, based upon correlation of the time-series
between ‘seed” and ‘target’ brain regions. It is used to
test for interactions between a ‘psychological’ state
(in this experiment, matching human faces) and a
‘physiological’ state (coupling of activation between
seed and target time series).

A first-level PPI analysis of faces stimuli contrasted
to control task was obtained for all participants for
each set of LSF and HSF stimuli. Then first-level PPI
results, specific for each functional seed and spatial
frequency, were carried up to group-level analyses
specific for each target region. First-level contrast Z

statistic images were entered in between-group
analyses using each subject as a random factor. All
Z statistic images were thresholded using clusters
determined by Z>2.0, and a corrected-cluster signifi-
cance threshold of p=0.05 (Worsley, 2001), with the ex-
ception of two exploratory analyses that used Z>1.7,
as indicated, and a cluster-corrected significance
threshold of p=0.05).

For LSF processing, we evaluated connectivity be-
tween the left and right anterior occipital face area
and R FFA. For HSF processing, we evaluated connect-
ivity between right posterior occipital face area
and R FFA, and between left ITG and R FFA. For sali-
ence network connectivity, we evaluated connectivity
between R FFA and a salience-network target mask.
For exploratory analyses we tested connectivity between
R FFA and all other voxels in the brain. We performed
one-way between-group ANOVAs for each seed-target
pair hypothesis, followed by t tests for AN v. HC
and BDD v. HC to test group specificity. As post-hoc
exploratory analyses, we also compared AN v. BDD
for the aforementioned connectivity.

Results
Demographics and behavioral results

Results of one-way ANOVAs revealed that BDD, AN,
and HC groups did not differ in mean age or years
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Table 1. Demographics and psychometrics

AN BDD HC
(n=20) (n=20) (n=20) F p level
Age, years 223+44 21.5+3.5 23.3+4.6 0.88 0.42
Sex (females/males) 18/2 15/5 17/3 =168 0.43
Education (years completed) 14.1+£3.2 13.5+2.0 14.7+2.8 1.80 0.17
BMI 204+14 22.6+2.8 222+2.2 5.5 0.006"
HAMA 6.7+5.6 11.6+6.2 20+18 19.2 <0.001?
MADRS 10.5+9.5 18.4+8.1 09+13 29.2 <0.001°
BABS N.A. 141+35 N.A.
BDD-YBOCs (BDD) N.A. 31.0+5.3 N.A.
EDE (AN) 28+14 N.A. N.A.
Co-morbidities 7 13 0
BDD concerns
Facial N.A. N.A.
Non-facial N.A. 1 N.A.
Facial and non-facial N.A. 11 N.A.
Tukey test for
differences
between
Tukey follow-up statistics means Difference Test statistics p level
AN v. BDD 22 44 0.009
BMI AN v. HC -1.8 43 0.03
BDD v. HC 0.3 8.8 0.9
AN v. BDD -79 44 0.003
MADRS AN v. HC 9.6 6.4 <0.001
BDD v. HC 17.5 10.8 <0.001
AN v. BDD —4.9 44 0.007
HAMA AN v. HC 4.8 43 0.01
BDD v. HC 9.7 8.8 <0.001

AN, Anorexia nervosa; BDD, body dysmorphic disorder; HC, healthy controls; BMI, body mass index; HAMA, Hamilton
Anxiety Rating Scale; MADRS, Montgomery-Asberg Depression Rating Scale; BABS, Brown Assessment of Beliefs Scale;
BDD-YBOCS, BDD version of the Yale-Brown Obsessive Compulsive Scale; EDE, Eating Disorder Evaluation; N.A., not

applicable.

of education. A »* test showed no differences in sex be-
tween groups. Post-hoc Tukey tests were performed to
determine the direction and significance of the
between-group comparisons. All demographics and
behavioral comparisons are summarized in Table 1.
There were significant differences between groups for
BMI, HAMA, and MADRS: BMI was significantly
lower in AN compared to BDD and HC, HAMA was
significantly lower in HC compared to AN and BDD,
and in AN compared to BDD, and MADRS was sign-
ificantly lower for HC than for AN and BDD, and for
AN compared to BDD. ANOVA results: Fs;5=>5.5,
p=0.006; Fs7,=19.2, p<0.001; Fs;,=29.2, p<0.001.
Tukey tests: BMI (AN <BDD, t;g=4.4, p=0.009; AN <
HC, t15=3.7, p=0.03; BDD>HC, t,5=0.68, p=0.88);
HAMA (AN<BDD, t15=4.4, p=0.007; AN>HC, t;g=
4.3, p=0.01; BDD>HC, t;3=8.76, p<0.001); MADRS

(AN<BDD, t;3=4.9, p=0.003; AN>HC, t;5=5.9,
p<0.001; BDD >HC, t;3=10.8, p<0.001).

Co-morbidities and types of appearance concerns in
BDD (facial and non-facial) are also listed in Table 1. A
complete list of co-morbidities can be found in
Supplementary Table S4 (see also Supplementary
method). There were no significant group differences
in response times or accuracy rates during the match-
ing tasks (see Supplementary Figs S3 and S4).

PPI analysis results

R FFA connectivity with occipital-temporal face network

LSF connectivity with R FFA. The ANOVA results
demonstrated significant differences between groups
for LSF connectivity. Contrary to our hypotheses, com-
parisons between groups found greater connectivity
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LSF Anterior Occipital Face Area to FFA

R 3|

AN>BDD

BDD>HC

BDD>AN

AN BDD HC

AN BDD

Fig. 3. (1) Regions within fusiform face area (FFA) target (blue) with significantly greater connectivity from the left anterior
occipital face area seed for low spatial frequency (LSF) faces, for body dysmorphic disorder (BDD) compared to healthy
controls (HC), left side, and BDD compared to anorexia nervosa (AN), right side, (Z>2.0, P=0.05, corrected). Box plots
indicate the direction of the connectivity, showing the average f statistic for each group for the cluster. (b) Regions within the
salience network target (red) with significantly greater connectivity from the FFA seed for high spatial frequency (HSF) faces,

for AN compared to BDD (Z>2.0, p=0.05, corrected).

between left anterior occipital face area and R FFA for
BDD v. HC (Fig. 3a, left). Also contrary to our hypoth-
eses, there were no significant differences in connectiv-
ity between right anterior occipital face area and the R
FFA for either AN v. HC, or BDD v. HC. There was
greater connectivity between left anterior occipital
face area and R FFA for BDD v. AN (Fig. 34, right).
This cluster was examined as a region of interest to ex-
plicate group differences, with the t statistic group
averages shown in the box plots. (See Supplementary
method: ‘Method for examining direction of connectiv-
ity differences’ for details of the method.)

In addition, we reran all of our significant between-
group results with sex as a covariate, and found that
the results were virtually identical (see Supplementary
Fig. 57).

HSF connectivity with R FFA. Consistent with our hy-
potheses, for HSF connectivity the ANOVA revealed

no significant differences between groups for

connectivity between right posterior occipital face
area and R FFA or for left ITG and R FFA.

R FFA connectivity with the salience network

LSF connectivity with the salience network. Consistent
with our hypotheses, for LSF stimuli the ANOVA
revealed no significant differences between groups
for connectivity between R FFA and the salience
network.

HSF connectivity with the salience network. For HSF
stimuli, the ANOVA resulted in significant differences
between groups. Contrary to our hypotheses, follow-
up comparisons found no differences for AN v. HC
or BDD v. HC for connectivity between R FFA and
the salience network; however, there was greater con-
nectivity for AN v. BDD in salience network regions,
including right insula and right orbitofrontal cortex
(Fig. 3b).
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LSF exploratory
FFA seed

(a)

Z>2.0, BDD>HC (blue), HC>BDD (green)

(b)

Fig. 4. Exploratory results for connectivity between the fusiform face area (FFA) seed and the rest of the brain for low
spatial frequency (LSF) faces. (2) Body dysmorphic disorder (BDD) >healthy controls (HC) in blue; HC >BDD in green; Z>2.0,
p=0.05, corrected. (b) anorexia nervosa (AN)>HC in red; HC> AN in green; Z>1.7, p=0.05, corrected.

R FFA connectivity to whole brain — exploratory
LSF connectivity — exploratory

BDD < HC and AN < HC. There was lower LSF connect-
ivity for BDD v. HC between R FFA and right insula,
putamen, thalamus, and central opercular cortex
(Fig. 4a). For AN <HC, there were no significant differ-
ences at Z>2.0, but reducing the statistical threshold
(2>1.7, p<0.05, corrected) revealed lower connectivity
for AN between R FFA and right insula and central
opercular cortex (Fig. 4b).

BDD>HC and AN>HC. There was greater LSF con-
nectivity for BDD v. HC between R FFA and right
and left precuneus, right posterior cingulate cortex
(PCC), and left lingual gyrus (Fig. 4a). For AN>HC,
there were no significant differences at Z>2.0, but re-
ducing the statistical threshold (Z>1.7, P<0.05, cor-
rected) revealed greater connectivity for AN between
R FFA and right and left precuneus, left PCC, and
right thalamus (Fig. 4b). Additional details of LSF sig-
nificant results can be found in Supplementary
Table S1 and Fig. S1.

HSF connectivity—-exploratory. HSF significant results for
all groups are shown in Supplementary Fig. S2.

Post-hoc regression analyses. To follow up on the signifi-
cant between-groups results, we performed post-hoc re-
gression analyses on functional connectivity and the
main symptom measure for each of the AN and BDD
groups, using Bonferroni-adjusted alpha levels as a
correction for multiple comparisons. The relationship
between LSF connectivity between the left anterior oc-
cipital face area and the R FFA and BDD-YBOCS scores
(see Fig. 5a), showed that higher connectivity strength
showed a trend for association with lower BDD-
YBOCS scores (R*=0.26, F119=5.8, P=0.027), not sur-
viving Bonferroni correction (a=0.05/3=0.017). For
AN, we examined the relationship between degree of
HSF connectivity between the R FFA and the orbito-
frontal cortex (in the salience network), and clinical
symptom severity (EDE) scores for AN (see Fig. 5b).
Higher connectivity strength showed a trend for
association with lower scores (R2 =0.19, F119=4.14,
P=0.057), although not surviving Bonferroni correc-
tion («=0.05/5=0.01).
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Fig. 5. (1) Low spatial frequency (LSF) functional
connectivity between left (L) anterior occipital face area and
fusiform face area (FFA) trend for association with body
dysmorphic disorder—Yale-Brown Obsessive Compulsive
Scale (BDD-YBOCS) score for BDD. (b) High spatial
frequency functional connectivity between right (R) FFA
and R frontal orbital cortex trend for association with Eating
Disorder Evaluation (EDE). (c) LSF functional connectivity
between R FFA and posterior cingulate cortex (PCC) is
associated with degree of self-referential thinking for
anorexia nervosa. Note: values for self-referential thinking
scores are demeaned.

To understand how abnormal functional connectiv-
ity patterns in face-processing systems may relate to
subjective experience in AN and BDD participants
when viewing facial images, we performed additional
regression analyses between the degree of functional
connectivity and scores on post-scan questionnaires
that quantified the degree to which each face viewed
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in the scanner triggered thoughts about their own
appearance (see Supplementary Table S3 and
Supplementary method for linear regressions). For
AN, we found that greater connectivity for LSF faces
between R FFA and PCC was significantly associated
with higher self-referential thinking scores (R2=0.46,
Fi16=12.7, p=0.003) (Fig. 5c), passing Bonferroni
correction (a=0.05/3=0.017). For BDD, there was no
significant relationship between connectivity and the
subjective experience scores.

Discussion

To our knowledge, our results provide the first evi-
dence of aberrant functional connectivity in BDD with-
in an occipito-temporal face-processing network,
specifically for faces that contain configural and holis-
tic elements. This pattern was not observed in AN, al-
though there was a remarkably similar pattern of
functional connectivity for these image types in AN
and BDD between the R FFA and higher-order regions
including insula, central opercular cortex, and PCC/
precuneus. For high detail images, BDD and AN
showed differences from each other and HC in func-
tional connectivity patterns between R FFA and
higher-order regions, but not in occipito-temporal net-
works. This profile suggests BDD and AN have similar
LSF processing-stream abnormalities in higher-order
systems; however, LSF connectivity within occipito-
temporal fac- processing networks is affected in BDD,
but not AN.

Although we predicted lower connectivity for LSF
stimuli for both AN and BDD groups, we found
greater connectivity between right anterior occipital
face area and R FFA, in the BDD group only. We
had predicted decreased connectivity based on the
relative hypoactivity for LSF faces observed in a previ-
ous study examining patterns of regional fMRI activa-
tion (Feusner et al. 2010). However, abnormalities in
degree of regional activation do not always indicate a
corresponding alteration in functional connectivity.
Moreover, the regions found to be hypoactive in the
previous study were earlier in the visual processing
stream (V1 and V2) than those examined in the current
study. It is possible therefore that increased connectiv-
ity may reflect compensatory mechanisms for abnor-
mal processing in earlier visual regions (Bolte et al.
2006). This is supported by the observation that those
with higher connectivity strength had lower symptom
severity (BDD-YBOCS scores).

While the phenomenology of AN suggests that indi-
viduals may experience perceptual distortions, this
may not be reflected in abnormalities in these occipito-
temporal visual networks for faces. Instead, this may
be a function of disturbances in higher-order
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processing of consciously perceived images.
Alternatively, the absence of significant abnormalities
in occipito-temporal visual network could be a reflec-
tion of the clinical observations (J. D. Feusner et al. un-
published observations) that faces do not seem to be as
much a focus of attention in AN as other appearance
features, such as abdomen, thighs, and hips. By con-
trast, facial features, including facial skin, are common
appearance concerns in BDD (Phillips, 2005), which is
consistent with the pattern of specific concerns found
in our sample (see Table 1).

Another possibility is that aberrant connectivity in
AN is limited to the acutely malnourished state, remit-
ting when BMI is normalized. Consistent with this idea
Kingston et al. (1996) showed that underweight AN
improved their performance on the Rey Complex
Figure Task (RCFT) after gaining 10% of body weight
(although the RCFT task taps into both visuo-spatial
and executive functioning systems; Shin et al. 2006).
Moreover, a recent effective connectivity fMRI study
in underweight individuals with AN found abnormal
functional organization within a body-processing vis-
ual network for body visual stimuli (Suchan et al.
2013). Future within-subject study designs, comparing
face and non-face stimuli in AN scanned prospectively,
will help discern these possibilities.

R FFA connectivity to salience network is greater for
high detail images in AN than BDD

Contrary to our hypotheses, we did not find greater
connectivity for HSF stimuli for either AN or BDD
compared to HC. Instead, we found greater HSF
connectivity for AN relative to BDD between R FFA
and right fronto-insular regions. This could be related
to aberrant insular and orbitofrontal activity (Frank
et al. 2012) and/or insular connectivity (Kullmann
et al. 2014) that previous studies have found in AN,
and could reflect abnormal integration of high-detail
face information in the context of general body aware-
ness. Why this was observed for AN only in contrast to
BDD is unclear. The observation that individuals with
higher connectivity between R FFA and the orbito-
frontal cortex had lower severity of eating disorder
symptoms could be an indication of a compensatory
process. As hypothesized, compared to HC, neither
the BDD nor the AN group had greater connectivity
for LSF images between R FFA and the salience
network.

R FFA has similar connectivity to higher-order
regions in AN and BDD

Our results in AN and BDD showed similar, abnormal-
ly strong, connectivity between R FFA and precuneus
and adjacent PCC for LSF stimuli, although the

magnitude of the differences from HC was greater
for BDD than AN (as reflected in results significant
only at a lower Z threshold for AN). Connectivity in re-
sponse to face stimuli has been observed between R
FFA and precuneus in HC (Davies-Thompson &
Andrews, 2012). Moreover, the precuneus and PCC
are implicated in memory, visual imagery (Cavanna
& Trimble, 2006), retrieving episodic memories asso-
ciated with faces (Gobbini & Haxby, 2007), and, par-
ticularly as network hubs in the default mode
network (DMN) (Gusnard et al. 2001; Raichle et al.
2001), self-referential thinking (Berman et al. 2011).
Our results are consistent with a recent study in AN
that found increased activation in DMN regions asso-
ciated with self-referential thought (Cowdrey et al
2014). One interpretation of our results is that enhanced
connectivity between face-processing regions and pre-
cuneus/PCC in AN and BDD could reflect similar ten-
dencies across disorders to engage in self-referential
thinking when viewing images of others, particularly
since individuals with both disorders spend an inordin-
ate amount of time thinking about their appearance and
comparing their appearance to others. Facial stimuli
could also trigger thoughts of self or thoughts of others’
perspectives of themselves (Cavanna & Trimble, 2006),
or they could initiate thoughts of others as suggested by
a recent AN study examining perspective-taking
related to self-identity that found greater activation in
precuneus for thoughts of friends and their appearance
(McAdams & Krawczyk, 2014). These interpretations
are speculative; however, we have evidence that
specific thought patterns may be related to connectiv-
ity between these regions in the current study, as the
post-hoc regression analysis revealed that the degree
to which the facial stimuli triggered self-referential
thinking is associated with activity in precuneous
and PCC for AN participants. It is unclear at present
why this relationship was not observed in BDD
participants.

Regions of decreased LSF connectivity for both
BDD and AN groups compared to HC were found
in insula and in central opercular cortex. These results
are in line with recent studies that report aberrant in-
sula and salience network activity in women with
AN (Kim et al. 2012; Kullmann et al. 2014;
McFadden et al. 2014). The insula is important for rec-
ognition and response to salient stimuli and for pro-
cessing interoceptive information. The decrease in
connectivity between the R FFA and the insula
could disrupt interoceptive functions and result in
misinterpretation of interoceptive information, con-
tributing to disturbances in integration of configural
and holistic information about face with general
body awareness, ultimately exacerbating AN and
BDD symptoms.



Clinical significance

The findings have clinical relevance. Distortions of per-
ception may contribute to poor insight in BDD, limit-
ing engagement in treatment (Eisen et al. 2004), and
unremitted perceptual disturbance may foreshadow
increased risk of relapse in AN (Keel et al. 2005).
Aberrant processing in occipito-temporal face net-
works of configural and holistic visual elements in
BDD could be associated with a reduced ability to
contextualize details, which, in turn, could maintain
perceptual distortions expressed clinically as a convic-
tion of flaws and imperfections.

The results also have implications for understanding
phenotypic overlaps in AN and BDD. Given evidence
for similar abnormal functional connectivity for face
processing in higher-order integrative and emotional
systems, this abnormality may explain heightened self-
referential thinking across body image disorders. In
contrast, the existence of distinct phenotypes of abnor-
mal connectivity patterns within visual networks may
shed light on syndrome-specific clinical-behavioral
variations. In this regard, the combined results for
LSF and HSF point to abnormalities that could inform
the development of innovative perceptual retraining
treatments. For BDD, therapies using tasks that medi-
ate configural and holistic elements of a stimulus by
engaging the dorsal visual stream (Nan et al. 2013),
may hold benefit by normalizing LSF connectivity if
it compensates for deficient activation in the visual cor-
tical areas that normally feed forward LSF information
to the dorsal stream. Likewise, for AN, there may be
utility in perceptual retraining that involves face and
body awareness/integration (Vocks et al. 2010). For
both AN and BDD patients, empirical study of psy-
chotherapy techniques that reduce self-referential
thinking, such as those used in existing psychothera-
pies — Acceptance and Commitment Therapy (Hayes,
2005) being one recent example, mindfulness therapy
being another, has at least theoretical justification.

Limitations

There are several limitations. We did not have func-
tional localizer data available to optimally identify in-
dividual visual seed regions; instead we created
functional seeds using the LOSO method which
reduces statistical non-independence bias (Esterman
et al. 2010). Results from PPI analyses do not specify
directionality, preventing conclusions about direction
of information flow. We chose face stimuli due to
prior knowledge of visual processing with respect to
spatial frequencies in HC and in BDD; however, face
stimuli may be more salient and symptom-relevant in
BDD compared to AN. A comparison of BDD sub-
groups with face v. non-face concerns could not be
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explored because only one BDD patient had only non-
face concerns. Future connectivity studies should
examine responses to body stimuli in body processing
networks. Co-morbidities differed between AN and
BDD groups, which could have affected results. We
did not have data on the length of weight restoration
for all AN participants (for the three participants for
whom we have data, the length was 5 months, 2
years, and 3 years). This information is difficult to ob-
tain because typically part of the treatment for those
with AN is to not weigh themselves, and often their
therapists or dieticians do not tell them their weight.

Conclusions

We found similar abnormal functional connectivity for
face processing in higher-order systems in BDD and
AN, but distinct abnormal connectivity patterns within
occipito-temporal visual networks. The observed ab-
normalities in functional connectivity for configural
and holistic visual information within face-processing
networks in individuals with BDD may contribute to
distorted perception due to formation of an atypical
visual template. For individuals with AN, the absence
of similar abnormalities in connectivity in earlier face-
processing networks may be due to a lesser degree of
emotional relevance of faces, or perhaps to attenuation
of aberrant connectivity with normalization of weight.
Findings have implications for understanding relation-
ships between these disorders and the pathophysi-
ology underlying perceptual distortions.

Supplementary material

For supplementary material accompanying this paper
visit http://dx.doi.org/10.1017/50033291715001397.
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