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Abnormalities of Visual Processing and
Frontostriatal Systems in Body Dysmorphic Disorder
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Malin McKinley, MA; Hayley Moller; Susan Bookheimer, PhD

Context: Body dysmorphic disorder (BDD) is a psychi-
atric disorder in which individuals are preoccupied with
perceived defects in their appearance, often related to their
face. Little is known about its pathophysiology, al-
though early research provides evidence of abnormal vi-
sual processing.

Objective:To determine whether patients with BDD have
abnormal patterns of brain activation when visually pro-
cessing their own face with high, low, or normal spatial
resolution.

Design: Case-control study.

Setting: A university hospital.

Participants: Seventeen right-handed medication-free sub-
jects with BDD and 16 matched healthy control subjects.

Intervention: Functional magnetic resonance imaging
while viewing photographs of face stimuli. Stimuli were
neutral-expression photographs of the patient’s own face
and a familiar face (control stimuli) that were unal-
tered, altered to include only high spatial frequency (fine
spatial resolution), or altered to include only low spatial
frequency (low spatial resolution).

Main Outcome Measure: Blood oxygen level–depen-
dent signal changes in the BDD and control groups dur-
ing each stimulus type.

Results: Subjects with BDD showed relative hyperac-
tivity in the left orbitofrontal cortex and bilateral head
of the caudate for the unaltered own-face vs familiar-
face condition. They showed relative hypoactivity in the
left occipital cortex for the low spatial frequency faces.
Differences in activity in frontostriatal systems but not
visual cortex covaried with aversiveness ratings of the
faces. Severity of BDD symptoms correlated with activ-
ity in frontostriatal systems and visual cortex.

Conclusions: These results suggest abnormalities in vi-
sual processing and frontostriatal systems in BDD. Hypo-
activation in the occipital cortex for low spatial fre-
quency faces may indicate either primary visual system
abnormalities for configural face elements or top-down
modulation of visual processing. Frontostriatal hyperac-
tivity may be associated both with aversion and with symp-
toms of obsessive thoughts and compulsive behaviors.
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B ODY DYSMORPHIC DISORDER

(BDD) is a psychiatric dis-
order in which individuals
are preoccupied with per-
ceived appearance defects.

These individuals believe that they look
disfigured and ugly, and they have signifi-
cant distress and functional impairment.
Body dysmorphic disorder affects approxi-
mately 1% to 2% of the population1-4 and
is associated with high lifetime rates of hos-
pitalization (48%)5 and suicide attempts
(22%-27.5%).5-7 An estimated 27% to 39%
are delusional in their beliefs.8

Despite its prevalence and severity, little
is known of its pathophysiology. Because
of the paucity of research, it is unclear how
to best conceptualize BDD. A leading hy-
pothesis is that it is an obsessive-compul-
sive spectrum disorder,9 although there is

also evidence that it may be related to so-
cial phobia, eating disorders, or delu-
sional disorder.8,10-12 A better understand-
ing of the neurobiology will shed light on
how to conceptualize BDD and subse-
quently guide interventions.

Thus far, clinical observation and neu-
ropsychological data suggest that abnor-
mal information processing may under-
score the perceptual and visuospatial
abnormalities in BDD. Clinically, these in-
dividuals focus primarily on details of their
appearance at the expense of global or con-
figural aspects. A neuropsychological study
using the Rey-Osterrieth Complex Fig-
ure Test demonstrated that patients with
BDD performed poorly relative to con-
trol subjects owing to differences in orga-
nizational strategies, including selective
recall of details instead of larger organi-
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zational design features.13 Individuals with BDD may also
have abnormalities in own-face processing as evidenced
by a study in which they perceived distortions that were
not actually present.14

We previously performed a functional magnetic reso-
nance imaging (fMRI) study in BDD that examined visual
processing of others’ faces to investigate general face-
processing abnormalities.15 Individuals with BDD as com-
pared with healthy control subjects demonstrated abnormal
left hemisphere hyperactivity in an extended face-
processing network including temporal, parietal, and in-
ferior frontal gyrus regions as well as abnormal amygdala
activation. Predominant left hemisphere activity suggests
greater detail encoding and analysis relative to holistic and
configuralprocessing.Thissupports thehypothesis thatpa-
tients with BDD have aberrant visual information process-
ing, which may represent a core pathophysiological pro-
cesscontributing to thesymptoms.Theseverityof reported
perceptualdistortions for theirownappearancewouldsug-
gest that similar or more severe visual processing abnor-
malities might be present. However, to our knowledge no
imaging study has examined own-face processing in BDD.

The objective of the current study was to determine
whether individuals with BDD have abnormal patterns
of brain activation relative to healthy control subjects
when viewing their face. Although BDD can involve con-
cerns about any appearance feature, most individuals with
BDD have concerns involving the face or head area.16

We designed 3 types of own-face stimuli to parse out
different elements of visual processing. Detailed analysis
of facial traits (eg, blemishes, hairs, or edges of the nose or
eyes) relies on fine visual resolution, which is conveyed
by high spatial frequency (HSF) information.17,18 Config-
ural aspects of faces (ie, spatial relationships between fa-
cial features and general shape of the face19) are primarily
conveyed by low spatial frequency (LSF) information.20,21

Matching tasks with faces digitally filtered to produce HSF
or LSF have been previously used to investigate visual pro-
cessing in healthy control subjects22,23 and to identify ab-
normalities in configural processing in autism.24 We there-
fore used photographs of faces that were either unaltered/
normal spatial frequency (NSF) or altered to include only
HSF or LSF information in order to functionally dissect
visual processing elements. Analyzing visual processing
in relation to frequency domains is relevant given evi-
dence from the previous fMRI study and neuropsycho-
logical testing showing imbalances for detail vs holistic/
configural processing in BDD. Using own-face stimuli adds
thepotentially important factorofemotional arousal,which
in turn may influence visual processing systems, particu-
larly in the ventral visual stream.25-28

We hypothesized that this paradigm would elicit dif-
ferent patterns of brain activation in the BDD group rela-
tive to control subjects within visual processing regions,
most likely in the posterior ventral visual stream. In the
previous fMRI study with others’ faces using a similar para-
digm, the greater activity in the BDD group was more pro-
nounced for the NSF and LSF faces. In the current study,
we similarly expected greater activity in the BDD group
for the NSF and LSF faces but not the HSF faces. We also
predicted that subjective aversiveness of the faces would
contribute to these differences in brain activation pat-

terns between groups. In addition to a whole-brain analy-
sis, we performed anatomical region-of-interest (ROI)
analyses. These were to test our hypotheses of hyperac-
tivity in the inferior frontal gyrus, which is important for
own-face processing (and was found to be hyperactive
in the previous study), and in emotional processing re-
gions of the amygdala and insula owing to the likely dis-
tressing experience of viewing one’s face.

METHODS

SUBJECTS

The University of California, Los Angeles Institutional Review
Board approved the protocol for the study. Seventeen subjects
with BDD and 16 healthy control subjects, aged 20 to 48 years,
provided informed consent. One subject with BDD and 1 con-
trol subject had participated in the previous BDD study.15 Sub-
jects with BDD and control subjects were recruited from the
community and matched by sex, age, and level of education.
All were right-handed as determined by the Edinburgh Hand-
edness Inventory.29 Subjects with BDD met DSM-IV criteria for
BDD, diagnosed by one of us (J.D.F.) with clinical expertise
with this population. Diagnoses were made using the Body Dys-
morphic Disorder Module,30 a reliable diagnostic module mod-
eled after the Structured Clinical Interview for DSM Disor-
ders. In addition, we performed a clinical psychiatric evaluation
and screened participants with the Mini-International Neuro-
psychiatric Interview.31 All subjects with BDD were required
to have a score of 20 or higher on the BDD version of the Yale-
Brown Obsessive Compulsive Scale (BDD-YBOCS).32 We al-
lowed subjects with delusional beliefs.

Exclusion criteria included substance abuse, neurological
disorder, pregnancy, or any current medical disorder that may
affect cerebral metabolism. We excluded subjects with any con-
current Axis I disorder besides dysthymia, major depressive dis-
order, or generalized anxiety disorder. As depression and anxi-
ety are so frequently comorbid in this population, we believed
that a sample excluding these would not be representative. We
excluded subjects whom the investigator ( J.D.F.) judged were
suicidal. In addition to the BDD-YBOCS, we also administered
the 17-item Hamilton Depression Rating Scale33 and the Hamil-
ton Anxiety Rating Scale.34

Participants were free from psychoactive medications for 8
weeks or longer prior to the study and were not receiving cog-
nitive behavioral therapy. We only included participants with
normal or corrected vision as verified by the Snellen eye chart.

STIMULI

Weacquireddigitalphotographsofparticipants’ faces froma fron-
tal view with neutral expression, and we used Adobe Photoshop
CS3 software (Adobe Systems Inc, San Jose, California) to cre-
ate standard black backgrounds for the face and neck and to con-
vert to grayscale. We created HSF and LSF images as previously
described15 and normalized luminosity across stimuli (Figure1).
In addition, we used unaltered photographs (NSF). A photo-
graph of a familiar famous male actor was used as a control con-
dition, matched for size and luminosity. We chose the particu-
lar actor’s photograph based on 100% familiarity and a medium
degree of attractiveness (mean [SD] rating of 4.25 [1.75] out of
10) as tested prior to the experiment in 10 healthy volunteers.
Three different categories of own faces and familiar faces com-
posed the tasks: (1) NSF, (2) HSF, or (3) LSF. A baseline control
condition consisted of gray ovals approximately the same size as
the faces and of the same luminosity. Subjects wore fMRI-
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compatible goggles to view the stimuli. If subjects wore eye-
glasses, appropriate corrective goggle lenses were used. We used
MacStim version 3.0 software (White Ant Occasional Publish-
ing, Melbourne, Australia) to present stimuli and record re-
sponses.

TASKS

Subjects viewed own-face, familiar-face, and oval images while
in the MRI scanner. They were instructed to push the button
on the button box with their right index finger when the face
or oval image disappeared from the goggles’ screen to ensure
that they attended to the image for its full duration.

Faces appeared for 3 seconds, followed by a 1-second in-
terstimulus interval. Stimuli were arranged in clusters of NSF,
HSF, and LSF, counterbalanced between subjects. Within each
cluster, 12 of each of the same own-face, familiar-face, and oval
images were presented in an event-related design. The order
of the own-face and familiar-face stimuli was randomized and
jittered with respect to the oval within each cluster; the oval
randomly occurred for either 3, 6, or 9 seconds, while the faces
all appeared for 3 seconds. This was to minimize anticipation
of and habituation to the stimuli. We used Optseq (http://surfer
.nmr.mgh.harvard.edu/optseq/), a genetic algorithm, to create
jittered presentation timing with the highest efficiency. The total
time for each run was 7 minutes. There were 2 runs, the sec-
ond presented in a different order.

EMOTIONAL ASSESSMENTS

Toassesselementsof subjects’ emotionalexperience,weobtained
subjective ratings of the aversiveness of the face stimuli. We ob-
tainedtheseaftertheexperimentbecauseofthepossibilityofmodu-
lation of arousal as a result of labeling of emotions during the ex-
periment.35 Subjects ratedNSF,HSF,andLSFphotographsofown
and familiar faces in terms of aversiveness on a Likert scale from
0 to 10. They were instructed as follows: “Please rate each face on
a scale of 0 to 10 in terms of aversiveness, that is, to what degree
you feel a sense of disgust or repulsion when you view it.”

FUNCTIONAL MRI

We used a 3-T Allegra MRI scanner (Siemens Medical Solutions
USA, Inc, Malvern, Pennsylvania) to evaluate blood oxygen level–
dependent contrast using T2*-weighted echo planar imaging gra-
dient-echo pulse sequence (repetition time, 2.0 seconds; echo
time, 35 milliseconds; flip angle, 90°; matrix, 64�64; field of
view, 24�24 cm; in-plane voxel size, 3.125�3.125 mm; slice
thickness, 3 mm; 1-mm intervening spaces; and 28 total slices).

We obtained matched-bandwidth T1-weighted images to pro-
vide detailed anatomy during structural image acquisition.

Image processing included motion correction, skull strip-
ping, spatial smoothing of a 5-mm full-width half-maximum
gaussian kernel, mean-based intensity normalization of all vol-
umes by the same factor, and high-pass temporal filtering. We
coregistered functional images of each subject to correspond-
ing structural images in native space and registered structural
images to structural standard images, defined by the Montreal
Neurological Institute average of 152 standard brains.

STATISTICAL ANALYSIS

Behavioral Data

We used a 2-sample t test to compare response rates between
groups, defined as the number of times subjects pushed the but-
tonafter faceoroval stimulidividedby the totalnumberof stimuli.
A 2-way repeated-measures analysis of variance was used to com-
pare aversiveness ratings, with group as the between-subjects fac-
tor and NSF, HSF, or LSF faces as the within-subjects factor.

Functional Neuroimaging Data

We used FMRI Expert Analysis Tool version 5.4 software, part
of the Oxford Centre for Functional Magnetic Resonance
Imaging of the Brain (FMRIB) Software Library (http://www
.fmrib.ox.ac.uk/fsl). For within-group analyses, we performed
a random-effects analysis with subject as the random factor.
We modeled the hemodynamic response function using a con-
volution of the experimental paradigms of each condition vs
control task with the canonical hemodynamic response func-
tion and its temporal derivative.36 We analyzed the normal-
ized data with multiple regression by using 6 regressors to model
hemodynamic changes associated with the HSF, LSF, and NSF
tasks, each contrasted to the familiar-face task and the oval task.

Contrasts

The following contrasts were used: (1) NSF own face vs famil-
iar face; (2) HSF own face vs familiar face; (3) LSF own face vs
familiar face; (4) NSF own face vs ovals; (5) HSF own face vs
ovals; and (6) LSF own face vs ovals.

Model fitting generated whole-brain images in native space
of parameter estimates and corresponding variance, represent-
ing average signal change during each contrast. We used the
FMRIB Improved Linear Model for time-series statistical analy-
sis with local autocorrelation correction.37 We thresholded Z

HSF LSF NSF

Figure 1. Example of own-face stimuli. HSF indicates high spatial frequency; LSF, low spatial frequency; and NSF, normal spatial frequency.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 67 (NO. 2), FEB 2010 WWW.ARCHGENPSYCHIATRY.COM
199

©2010 American Medical Association. All rights reserved.

Downloaded From: http://archpsyc.jamanetwork.com/ on 07/21/2017



statistic images using clusters determined by Z�2.0 and a (cor-
rected) cluster significance threshold of P=.05.38

For between-group analyses, we directly compared subjects
with BDD and control subjects using a voxelwise mixed-effects
analysis. After the within-group analyses, we used the FMRIB
Local Analysis of Mixed Effects stage 1 only.39,40 We thresholded
Z statistic images using clusters determined by Z�2.0 and a (cor-
rected) cluster significance threshold of P=.05.38 A 2-sample t
test identified group mean differences in activity at each voxel.

To investigate the relationship between symptom severity and
regional brain activation, we entered results from the within-
group analysis into a higher-level analysis with de-meaned BDD-
YBOCS scores as a separate covariate of interest. This produced
a voxelwise map of regions whose activity positively correlated
with BDD symptom severity. Further, we used the significant re-
gions to create scatter plots of blood oxygen level–dependent sig-
nal change percentage as a function of BDD-YBOCS scores. These
were to determine more specifically the relationship between se-
verityofBDDsymptomsandregionalbrainactivationandwhether
outliers whose effects could bias these estimates were present.

To investigate how subjects’ experiences of aversion related
to patterns of brain activation for between-group differences, we
entered de-meaned aversiveness ratings for each face type for all
subjects into the general linear model as covariates in addition
to investigating the ratings as covariates of interest.

ROI Analyses

To test our a priori hypotheses in the amygdala, insula, and left
inferior frontal gyrus, we performed anatomical ROI analyses
with the FMRIB Software Library. Masks for these regions were
obtained from the Harvard-Oxford probabilistic structural at-
lases supplied with the FMRIB Software Library. We calcu-
lated the mean signal change percentage in each region and com-
pared between groups using 2-sample t tests. For post hoc signal
change percentage analyses, we created a set of spherical ROIs
(6-mm radii) at the local maxima for significant clusters from
the between-group analyses. Parameter estimate data were then
extracted from each ROI for each subject using FMRIB Soft-
ware Library command line tools.41

RESULTS

Table1 summarizes demographic and psychometric data.
One subject with BDD had comorbid major depressive dis-
order, 1 had dysthymic disorder, 2 had generalized anxi-

ety disorder, 4 had both major depressive disorder and gen-
eralized anxiety disorder, and 1 had both dysthymic
disorder and generalized anxiety disorder. The BDD symp-
toms were the primary concern in every subject. All sub-
jects had preoccupations with perceived facial defects.

BEHAVIORAL DATA

Response rates were high in both groups and were not
significantly different: 98.5% for the BDD group and 97.1%
for the control group (t31=1.48; P=.15).

Mean(SD)aversivenessratingsacrossallown-facestimuli
were higher in the subjects with BDD (5.41 [1.97]) than in
the healthy control subjects (2.15 [1.43]) (F1,31=29.24;
P� .001). There were no statistically significant face stimu-
lus type effects across participants (F2,62=0.15; P=.86) or
group�face stimulus type interaction (F2,62=2.41; P=.10)
(Figure 2).

FUNCTIONAL MRI

Voxelwise Analyses

Within Groups. For all tasks, the subjects with BDD and
healthy control subjects activated the bilateral extrastriate
visual cortex (Brodmann area 18) and bilateral fusiform
gyrus.

Between Groups. There were significant between-group
activations for NSF own-face vs familiar-face and LSF own-
face vs oval contrasts only.

The BDD group demonstrated greater activation than
thecontrolgroup for theNSFown-facevs familiar-facecon-
trast in the left orbitofrontal cortex (OFC) and the bilat-
eral head of the caudate (Figure3A and Table2). Using
Hamilton Anxiety Rating Scale or 17-item Hamilton De-
pression Rating Scale scores as covariates did not change
the activation patterns in these regions, although Z scores
were lowered slightly.

Table 1. Demographic Characteristics
and Psychometric Scores

Characteristic
BDD Group

(n=17)
Control Group

(n=16)
P

Valuea

Age, mean (SD), y 29.18 (7.4) 27.38 (5.3) .43
Female/male, No. 9/8 8/8 �.99
Right-handedness, No. 17 16 �.99
Education, mean (SD), y 15.35 (2.7) 16.94 (2.3) .08
BDD-YBOCS score, mean (SD) 28.82 (5.1) NA NA
HDRS-17 score, mean (SD) 10.88 (7.5) 1.44 (1.5) �.001
HARS score, mean (SD) 12.94 (8.0) 1.56 (1.4) �.001

Abbreviations: BDD, body dysmorphic disorder; BDD-YBOCS, BDD
version of the Yale-Brown Obsessive Compulsive Scale; HARS, Hamilton
Anxiety Rating Scale; HDRS-17, 17-item Hamilton Depression Rating Scale;
NA, not applicable.

aFrom t test for all comparisons except sex and right-handedness
(�2 test).
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Figure 2. Mean aversiveness ratings of own-face stimuli on a Likert scale of 0
to 10. There was a significant group effect (F1,31=29.24; P� .001) but a
nonsignificant stimulus type effect (F2,62=0.15; P=.86) and a nonsignificant
group�stimulus interaction effect (F2,62=2.41; P=.10). Error bars indicate
standard errors of the mean; BDD, body dysmorphic disorder; NSF, normal
spatial frequency; HSF, high spatial frequency; and LSF, low spatial frequency.
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The control group demonstrated greater activation than
the BDD group for the LSF own-face vs oval contrast in
the left occipital cortex (Figure 3B and Table 2). Specifi-
cally, there were local maxima of activation in the left
intracalcarine cortex and occipital pole (Brodmann areas
17 and 18), left lingual gyrus (Brodmann area 18), and
left occipital fusiform gyrus (Brodmann area 18).

To understand how familiar-face processing contrib-
uted to the own-face vs familiar-face contrast findings,
we analyzed familiar-face vs oval contrasts in the re-
gions found to be significantly different from the voxel-
wise analysis. There were nonsignificant differences in
mean signal change percentages between groups for NSF
faces (significant differences were only evident for the
own-face vs familiar-face contrast) (Figure 4A). For LSF
own-face vs oval and familiar-face vs oval contrasts, mean
signal change percentages were significantly greater in
the control group than in the BDD group (Figure 4B).

Whole-Brain Regression Analysis With BDD-YBOCS

Severity of BDD symptoms was positively associated with
activation in the right OFC, right head of the caudate, right
precentral and postcentral gyri, and right dorsal occipital
cortex for the NSF own-face vs familiar-face contrast

(Figure 5). Symptom severity was negatively associated
with activity in the left dorsal occipital cortex and the right
lateral occipital cortex for the LSF own-face vs oval con-
trast. Using regions that were significantly different be-
tween groups from the NSF own-face vs familiar-face con-
trast as a mask for the regression analysis (Z statistic images
thresholded at P=.05, uncorrected), symptom severity was
positively associated with activity in the bilateral head of
the caudate and the left OFC.

For these regions found to be positively correlated with
symptom severity from the whole-brain regression analy-
sis, we plotted blood oxygen level–dependent signal
change percentages against individual BDD-YBOCS scores
(Figure 6). All regions demonstrated monotonic rela-
tionships between signal change percentages and BDD-
YBOCS scores, with no obvious outliers. The BDD-
YBOCS scores explained the most variability in brain signal
in the right occipital lobe (R2=0.69; F1,15=34.00; P� .001),
followed by the precentral and postcentral gyri (R2=0.58;
F1,15=21.01; P� .001), caudate (R2=0.50; F1,15=14.84;
P=.002), OFC (R2=0.46; F1,15=12.72; P=.003), and an-
terior cingulate gyrus (R2=0.29; F1,15=6.21; P=.02).

BA

L L

R R

Figure 3. Significant differences in regional brain activity between groups.
A, Regional brain activity is greater for subjects with body dysmorphic
disorder than for control subjects for normal spatial frequency own-face vs
familiar-face contrast in the caudate and left orbitofrontal cortex. B, Regional
brain activity is greater for control subjects than for subjects with body
dysmorphic disorder for low spatial frequency own-face vs oval contrast in
the left visual cortex. L indicates left; R, right.

Table 2. Local Maxima for Significant
Between-Group Activations

Contrast and Region Z Score
x, y, z

Coordinates

NSF own-face vs familiar-face stimulia

Right caudate 3.63 12, 8, 4
Left caudate 2.80 −10, 16, 2
Left orbitofrontal cortex 3.29 −26, 28, −18

LSF own-face vs oval stimulib

Left lingual gyrus 3.97 −6, −88, −4
Left occipital pole 3.64 −10, −90, −2
Left occipital fusiform gyrus 3.45 −22, −78, −8

Abbreviations: LSF, low spatial frequency; NSF, normal spatial frequency.
aRegional brain activity is greater for subjects with body dysmorphic

disorder than for control subjects.
bRegional brain activity is greater for control subjects than for subjects

with body dysmorphic disorder.
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Figure 4. Signal change percentages for normal spatial frequency (A) and
low spatial frequency (B) own-face and familiar-face stimuli in brain regions
found to be different between groups, each contrasted to the low-level
baseline (oval). P values indicate significant differences between groups,
which were evident for own-face vs familiar-face contrasts (A) and own-face
vs oval contrasts (B). *P� .005; †P� .05. A, Effect sizes for significant
normal spatial frequency own-face vs familiar-face contrasts are as follows:
right caudate, 0.40; left caudate, 0.11; and left orbitofrontal cortex (OFC),
0.16. B, Effect sizes for significant low spatial frequency own-face vs oval
contrasts are as follows: left lingual gyrus, −1.37; left occipital pole, −1.45;
and left occipital fusiform gyrus, −1.37. Error bars indicate standard errors of
the mean; BDD, body dysmorphic disorder.
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Regression Analyses With Aversiveness Ratings

For the NSF own-face vs familiar-face contrast, using aver-
siveness as a covariate for the between-group comparison
resulted in there no longer being significant differences be-
tween groups in the OFC or caudate, and relative hypo-
activation for the BDD group in the right visual cortex (pre-
cuneus and cuneus) emerged. When aversiveness ratings
were covaried in the LSF own-face vs oval contrast, the find-
ings of hypoactivation in the occipital cortex for the BDD
group were unchanged. There were still no significant dif-
ferences between groups for the other contrasts.

When directly examining the relationship between aver-
siveness ratings and brain activity within the BDD group,
there were significant results only for the LSF own-face vs
oval contrast. These results suggested inverse relation-
ships between degree of aversiveness and activity in the bi-
lateral superior lateral occipital cortex, left superior pari-
etal lobule, bilateral precuneus, and right postcentral gyrus.

A Priori ROI Analyses

There were no significant differences in signal change per-
centage between groups in the amygdala, inferior frontal
gyrus, or insula.

COMMENT

Individuals with BDD have abnormal brain activation pat-
terns when viewing their own face, showing hypoactivity
in primary and secondary visual processing regions for LSF
faces and hyperactivity in frontostriatal systems for NSF
faces. Similarly, severity of BDD symptoms correlated with
activity in frontostriatal and visual processing systems. Sub-
jective aversiveness ratings of faces appeared to explain
between-group differences in frontostriatal but not vi-
sual processing regions.

VISUAL PROCESSING IN BDD

As hypothesized, individuals with BDD demonstrated ab-
normal brain activity in visual processing regions when
viewing their own face (although not exclusively in the
ventral visual stream). This occurred for the LSF faces,
which may indicate aberrant processing specifically for
this type of spatial frequency information.

Abnormal activation in primary and secondary visual
cortical regions suggests aberrant processing of configural
andholistic information,whichtheLSFimagesconvey.This
may indicate a relative deficit of dorsal-stream magnocel-
lular pathway42 activity, which normally provides a low-
resolution template of the visual image.43-45 Clinically this
may account for the impaired ability to perceive the visual
gestalt, contributing to distorted perceptions of the indi-
viduals’ appearance when viewing their face. The individu-
als may primarily perceive details and are impaired in their
ability to contextualize them configurally or holistically.
The fact that patterns of hypoactivation relative to healthy
control subjects for the familiar-face vs oval contrast were
similar to those for the own-face vs oval contrast suggests
aberrant activity patterns for faces in general.

These findings may represent primary visual process-
ing abnormalities or may be the result of top-down modu-
lation. The limited temporal resolution of fMRI prohibits
certainty about which is the case. However, in general, pri-
mary visual cortical regions (ie, the intracalcarine cortex
and occipital pole) are less prone to top-down modula-
tion than secondary visual processing regions.46 In addi-
tion, the emotional experience of aversion to the faces did
not explain the group differences in visual cortical re-
gions for LSF images, and when controlled for, right oc-
cipital hypoactivation emerged for NSF images. These both
suggest primary rather than top-down influences. Of course,
it is possible that both may be operating in BDD.

To our knowledge, the only other study to examine the
neurobiology of visual processing in BDD was the previ-
ous studyofother-faceprocessing.15 In that study, theBDD
groupsimilarlydemonstratedrelativehypoactivation inthe
leftoccipitalcortex.However, itoccurredforNSFfaces,with
localmaxima in thebilateral cuneusand leftmiddleoccipi-
tal gyrus.15 In the current study, relative hypoactivation in
the cuneus and precuneus emerged when controlling for
aversiveness, althoughontheright.Lefthemisphericdomi-
nance observed in the other-face study was not evident in
this study, which could be owing to the fact that, in gen-
eral, recognitionofone’sownfacecomparedwithunfamil-
iar faces primarily activates right hemispheric regions.47,48
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Figure 5. Regions positively correlated with body dysmorphic disorder
symptom severity as measured by the body dysmorphic disorder version of
the Yale-Brown Obsessive Compulsive Scale. Representative slices depict
activations in the right visual cortex (A), right caudate (B), right precentral
and postcentral gyri (C), right anterior cingulate gyrus (D), and right
orbitofrontal cortex (E). R indicates right; L, left; P, posterior; and A, anterior.
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FRONTOSTRIATAL ABNORMALITIES

Significant group differences in the OFC and caudate sug-
gest frontostriatal hyperactivity in BDD. Frontostriatal
circuits mediate inhibitory control, mediate flexibility in
response, and guide behavior based on action-outcome
associations.49-51 Multiple baseline and symptom provo-
cation functional neuroimaging studies have demon-
strated that the OFC and head of the caudate are hyper-
active in subjects with obsessive-compulsive disorder
relative to control subjects.52-55 In a meta-analysis ad-
dressing this, the OFC and bilateral head of the caudate
in subjects with obsessive-compulsive disorder were the
only regions that significantly differed from those in con-
trol subjects. Moreover, this pattern has not been found
in symptom provocation studies of other disorders such
as posttraumatic stress disorder or simple phobia or in
healthy control subjects.56-58 In conjunction with these
studies, the results of the current study are therefore
preliminary evidence of a possible similarity in func-
tional neuroanatomy between BDD and obsessive-
compulsive disorder. However, future studies of brain
pathophysiology that directly compare BDD and obsessive-
compulsive disorder groups are needed to further inves-
tigate this relationship.

In subjects with BDD, the pattern of obsessive thoughts
and compulsive behaviors is often triggered by viewing their
reflection or as a result of internally generated thoughts
of their appearance. Hyperactivity in the OFC and cau-
date in this study was significant between groups for the
unaltered (NSF) faces but not for the LSF or HSF faces.
That this specific stimulus type triggered activity in orbi-
tofrontal-striatal circuits (positively correlated with symp-
tom severity) may be due to the fact that the NSF face as
opposed to the altered ones most resembles the individu-
al’s own reflected image, which typically triggers obses-
sive thoughts and compulsive behaviors. (It is not clear
why subjects with BDD and control subjects demon-
strated decreased activation in the caudate for own and
familiar faces relative to the oval control task; although
speculative, it is possible that the relatively low visual con-
tent of the oval allowed the subjects to allocate more at-
tention to the motor aspects of the task.)

Whole-brain regression analyses with BDD symptom
ratings revealed associations with activity in similar fron-
tostriatal and visual processing systems, which monotoni-
cally increased with increasing symptom severity. The
strength of the correlations in these regions and the fact
that there were neither strong outliers nor clusters of in-
dividuals with similar activation values support the con-

0.3

0.2

0.1

0

–0.1

–0.2

–0.3
15 20 3025 35 40

BDD-YBOCS Score

Si
gn

al
 C

ha
ng

e,
 %

Right occipital lobe

R2 = 0.69

0.3

0.2

0.1

0

–0.1

–0.2

–0.3
15 20 3025 35 40

Si
gn

al
 C

ha
ng

e,
 %

OFC

R2 = 0.46

0.3

0.2

0.1

0

–0.1

–0.2

–0.3
15 20 3025 35 40

Si
gn

al
 C

ha
ng

e,
 %

Precentral and postcentral gyri

R2 = 0.58

0.3

0.2

0.1

0

–0.1

–0.2

–0.3
15 20 3025 35 40

Anterior cingulate gyrus

R2 = 0.29

0.3

0.2

0.1

0

–0.1

–0.2

–0.3
15 20 3025 35 40

BDD-YBOCS Score

Caudate

R2 = 0.50

Figure 6. Scatter plots representing signal change percentage as a
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ceptualization of BDD as a dimensional construct. In fact,
individuals with BDD in the lower range of BDD-YBOCS
scores appear to show patterns of minimal activation or
deactivation relative to the control task, similar to what
was observed in the healthy control subjects (Figure 6).

EMOTIONAL REACTION TO FACES

Subjects’ aversiveness ratings of faces allowed inferences
about emotional arousal during the scan. As a covariate of
noninterest, aversiveness appeared to explain between-
group differences in frontostriatal regions for the NSF faces.
This suggests that frontostriatal hyperactivity may be as-
sociated both with more enduring symptoms as measured
by the BDD-YBOCS and with more immediate emotional
reactions as measured by the face aversiveness ratings.

When examined as a covariate of interest, aversiveness
was associated with decreased activity in dorsal occipital
regions for the LSF own-face vs oval task. This suggests that
greater emotional arousal (aversion) is associated with lesser
activity in the dorsal visual stream, which is responsible
for configural and holistic processing. Surprisingly, aver-
siveness was not significantly associated with activity in the
insula or amygdala, nor was insula or amygdala hyperac-
tivity evident in the BDD group as we hypothesized.

LIMITATIONS

The sample size may have resulted in insufficient power
todetectsmaller-magnitudedifferences inactivations.Using
anatomically defined regions for the a priori ROI analyses
may have resulted in decreased ability to detect small dif-
ferences because these relatively large regions are hetero-
geneous in function and likely contain subregions not ac-
tivated by the stimuli. Signal dropout due to susceptibility
artifacts was low by visual inspection, although it never-
theless may have reduced the blood oxygen level–
dependent signal in regions such as the amygdala and OFC.
Because the design of the study was event related (to mini-
mize anticipation and habituation) and because of the fact
that self-emotional labeling can itself influence brain ac-
tivation patterns,35 we did not acquire a measure of sub-
jective anxiety for each stimulus type. It is therefore un-
clear whether anxiety contributed to differences in brain
activation between groups. The fact that the familiar-face
control stimulus was of a single gender and not matched
to each subject’s gender could have presented a confound
if there was a groupwise differential response depending
on gender in subjects with BDD vs control subjects.59 Last,
effect sizes for one of the main contrasts of interest, the
NSF own-face vs familiar-face contrast, were small.

CONCLUSIONS

Individuals with BDD demonstrate visual processing and
frontostriatal abnormalities when viewing their own face.
Moreover, brain activity in these systems correlates with
symptom severity. The frontostriatal system findings, es-
pecially OFC and caudate hyperactivity, suggest possible
similar neural pathophysiology to obsessive-compulsive dis-
order. They also suggest at least a 2-part model. Abnor-
malities in visual processing systems may contribute dis-

torted perceptual input to frontostriatal systems, which may
be associated with the experience of aversion, and that may
subsequently mediate obsessive thought patterns and urges
to perform compulsive behaviors. This preliminary model
needs to be further tested in future studies.
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