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Abstract

Individuals with body dysmorphic disorder (BDD) and obsessive-compulsive disorder (OCD) are 

categorized within the same major diagnostic group and both show regional brain hyperactivity in 

the orbitofrontal cortex (OFC) and the basal ganglia during symptom provocation. While recent 

studies revealed that degree connectivity of these areas is abnormally high in OCD and positively 

correlates with symptom severity, no study has investigated degree connectivity in BDD. We used 

functional magnetic resonance imaging (fMRI) to compare the local and distant degree of 

functional connectivity in all brain areas between 28 unmedicated BDD participants and 28 

demographically matched healthy controls during a face-processing task. Correlational analyses 

tested for associations between degree connectivity and symptom severity assessed by the BDD 

version of the Yale-Brown obsessive-compulsive scale (BDD-Y-BOCS). Reduced local amygdalar 

connectivity was found in participants with BDD. No differences in distant connectivity were 

found. BDD-Y-BOCS scores significantly correlated with the local connectivity of the posterior-

lateral OFC, and distant connectivity of the posterior-lateral and post-central OFC, respectively. 

These findings represent preliminary evidence that individuals with BDD exhibit brain-behavioral 

associations related to obsessive thoughts and compulsive behaviors that are highly similar to 

correlations previously found in OCD, further underscoring their related pathophysiology. This 

relationship could be further elucidated through investigation of resting-state functional 

connectivity in BDD, ideally in direct comparison with OCD and other obsessive-compulsive and 

related disorders.
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1. Introduction

The most recent version of the Diagnostic and Statistical Manual of Mental Disorders 

(DSM-5) (American Psychiatric Association, 2013) categorizes body dysmorphic disorder 

(BDD), a severely impairing (Phillips et al., 2005; Phillips and Diaz, 1997) psychiatric 

condition characterized by preoccupation with perceived defects in a person’s own 

appearance, in the chapter of obsessive-compulsive and related disorders (OCRD) 

(American Psychiatric Association, 2013), after it had been viewed as a somatoform 

disorder in previous editions. This diagnostic change is based on several overlapping 

features, including clinical observations that OCRD including BDD are all characterized by 

obsessive thoughts and/or repetitive, compulsive behaviors. Moreover, the severity of these 

symptoms can be reliably assessed using analogous psychometric expert ratings in BDD and 

OCD (Goodman et al., 1989; Phillips et al., 1997).

In addition to these similarities in clinical phenotype, the recent change in classification 

intensifies efforts studying all OCRD to understand the brain circuitry of compulsivity (van 

den Heuvel et al., 2015), and motivates the search for neurobiological abnormalities 

common to intensively (such as OCD) and less intensively studied OCRD (such as BDD). 

For example, a recent study predicted and confirmed lower striatal dopamine D2/3 receptor 

availability in BDD based on previous examinations of patients with OCD (Denys et al., 

2004; Figee et al., 2014). A further common phenomenon observed in both BDD and OCD 

is regional hyperactivation patterns in frontostriatal brain areas during symptom provocation. 

More specifically, relative hyperactivity in the orbitofrontal cortex (OFC) and the striatum 

has been demonstrated in BDD participants when being presented with their own face 

compared to familiar faces (Feusner et al., 2010), and abnormally high responses in these 

areas is a well-known and replicated finding in participants with OCD presented with stimuli 

triggering their OCD symptom profile (Breiter et al., 1996; Rauch et al., 1994; Simon et al., 

2010).

Considering the fundamental intrinsic network structure of the brain, the field of 

connectomics has received increasing interest in psychiatry recently (Menon, 2011; Taylor, 

2014). This discipline uses graph theoretical approaches to compute metrics indexing brain 

network properties on the basis of structural and functional magnetic resonance imaging 

(MRI) data (Buckner et al., 2009; Bullmore and Sporns, 2009; Sepulcre et al., 2010). For 

example, degree connectivity (also termed node degree or centrality) quantifies the number 

of connections of all regions, and thus identifies the most central areas in the network. 

Noteworthy, degree connectivity can be quantified both for local and distant connections, 

and on the basis of resting-state as well as task functional MRI data (Sepulcre et al., 2010). 

Connectomics is thought to have the potential to provide novel insights into brain correlates 

of psychopathology (Taylor, 2014), while at the same time allowing testing of predictions 
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inferred from existing brain circuit models of neuropsychiatric conditions. In OCD, 

abnormally high degree connectivity of the OFC and the basal ganglia (Beucke et al., 2013; 

Hou et al., 2014), and positive correlations between OCD symptom severity and degree 

connectivity of the OFC and striatum were found in unmedicated patients. Importantly, 

contemporary neuroanatomical models of OCD (Milad and Rauch, 2012) and compulsivity 

(van den Heuvel et al., 2015) suspect abnormalities not only in frontostriatal, but also in 

limbic circuits, referencing observations of heightened responses of the amygdala in some 

symptom provocation studies (Breiter et al., 1996; Simon et al., 2014; Simon et al., 2010), 

and during processing of OCD-related words (van den Heuvel et al., 2005), respectively, in 

patients with OCD. Still there have been very few neuroimaging studies in BDD, and no 

study has investigated degree connectivity in participants with BDD to date.

The present study sought to investigate degree connectivity abnormalities in unmedicated 

participants with BDD using fMRI data acquired during a face-processing task. Even though 

differences in study design and data acquisition between the present study in BDD and the 

previous study in OCD (Beucke et al., 2013) did not permit a direct comparison of the two 

patient groups, we sought to use an established approach (Sepulcre et al., 2010) previously 

applied in OCD (Beucke et al., 2013) to test whether connectivity abnormalities previously 

reported in OCD can also be found in BDD participants. Based on the similarities in 

diagnostic classification, symptomatology and abnormal regional activation patterns, we 

hypothesized that individuals with BDD would exhibit similar degree connectivity 

abnormalities previously described in OCD, i.e. higher degree connectivity of the OFC and 

the basal ganglia in those with BDD as compared to healthy controls, and positive 

correlations between the degree connectivity of these regions with BDD symptom severity. 

Further, given observations of amygdala hyperactivity in OCD and the emphasis on limbic 

circuit alterations in recent neuroanatomical models of OCD and compulsivity, we also 

tested for altered amygdala connectivity in patients with BDD.

2. METHODS

2.1. Participants

Twenty-eight individuals meeting the DSM-IV diagnosis of BDD who were recruited from 

the community, as well as 28 mentally healthy controls that were matched for demographic 

variables (age, gender, and education) participated in the study. All were right-handed. The 

included participants were all unmedicated; they had not taken psychiatric medications for at 

least 8 weeks prior to the imaging study. None of the participants were being treated with 

cognitive-behavioral therapy. All participants had normal/corrected visual acuity, as tested 

with a Snellen eye chart.

Participants were interviewed by a licensed psychiatrist (J.D.F.) and diagnoses were made 

using the BDD Diagnostic Module (Phillips, 1995), a 6-item clinician-administered 

structured interview based on DSM-IV criteria for BDD. The Mini International 

Neuropsychiatric Interview (MINI) (Sheehan et al., 1998) was used to determine comorbid 

diagnoses and to screen healthy controls. BDD symptom severity was assessed in BDD 

participants using the BDD version of the Yale-Brown Obsessive-Compulsive Scale (BDD-

YBOCS) (Phillips et al., 1997). Comorbid diagnoses included major depression (n = 12), 
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generalized anxiety disorder (n = 4), dysthymia (n = 3), social phobia (n = 2), and 

agoraphobia (n = 1). Eleven participants had BDD as their single diagnosis. Table 1 displays 

demographic data of BDD and control groups. Potential differences regarding demographic 

variables were explored using t-tests for independent samples. T-values, means and standard 

deviations of questionnaire data and demographic comparisons are presented in Table 1.

BDD participants were eligible if they had a score of ≥20 on the BDD-YBOCS. Exclusion 

criteria for participants included cardiac pacemakers or other metallic implants or artifacts, 

pregnancy, neurological illness, prior head trauma, thyroid disorders, or diabetes mellitus. 

Individuals with comorbid Axis I disorders besides major depression, dysthymia, panic 

disorder, agoraphobia, social phobia, or generalized anxiety disorder were excluded. These 

diagnoses were allowed given their frequency in BDD, and our wish to recruit a 

representative clinical sample, however we required the BDD was the primary diagnosis in 

all included cases. HC participants could not meet any criteria for Axis I disorders, including 

substance use disorders. All participants gave written informed consent according to the 

institutional guidelines before enrollment. The local ethics committee approved the study.

2.2. Clinical Scales and questionnaires

The severity of BDD symptoms was evaluated using the BDD version of the Yale-Brown 

Obsessive Compulsive Scale (BDD-Y-BOCS) (Phillips et al., 1997). In addition, the 

Montgomery-Asberg Depression Rating Scale (MADRS) (Montgomery and Asberg, 1979), 

the Hamilton Anxiety Rating Scale (HAMA) (Hamilton, 1960), and the Brown Assessment 

of Beliefs Scale (BABS) (Eisen et al., 1998) were administered at the initial assessment. The 

Edinburgh Handedness Inventory (Oldfield, 1971) was used to classify handedness.

2.3. Task Procedure

Participants engaged in a matching task of pictures of others’ faces frequency low spatial 

frequency (LSF), normal spatial frequency (NSF), and high spatial frequency (HSF) during 

the imaging session, as previously described (Feusner et al., 2007). Further, a baseline 

control condition (CON) was included, consisting of gray ovals which had approximately 

the same size and luminosity as the faces stimuli.

2.4. MRI Procedures

A total of 133 volumes (T2*-weighted single-shot gradient echo planar imaging sequence) 

were acquired on a 3 T Siemens Trio system using the following parameters: TR=2500 ms, 

TE=25 ms, 32 interleaved slices, isotropic 3 mm voxel size, 0.75 mm gap, flip angle= 80 

deg, FOV=192 mm, 64 × 64 matrix, aligned parallel to the anterior-posterior commissure 

line, and 176 anatomical slices were acquired using the MPRAGE sequence (spatial 

resolution 1×1×1 mm, TR=1900 ms, TE=2.26 ms, flip angle= 9 deg, 256×256 matrix). In 

order to reduce head motion, participants’ heads were immobilized by foam cushions. 

Earplugs were provided to attenuate scanner noise.

2.5. Image Processing and Group Analyses

The present study applied the identical degree connectivity data analysis pipeline that has 

been used previously (Beucke et al., 2013; Buckner et al., 2009; Sepulcre et al., 2010). 
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Image preprocessing included slice time correction, spatial normalization to the atlas space 

of the Montreal Neurological Institute (MNI), and temporal filtering to retain frequencies 

below 0.08 Hz. Regression of nuisance variables (six-parameter rigid body head motion, the 

signal averaged over the whole brain, the lateral ventricles, and over a region centered in the 

deep cerebral white matter) was used to remove spurious or regionally nonspecific variance. 

Further, fMRI data was spatially smoothed using a 4 mm FWHM kernel. Using these 

preprocessed functional runs, the local and distant degree of connectivity in the entire brain 

was determined through correlation of each voxel’s blood oxygen-level dependent (BOLD) 

time-series to the BOLD time-series of all other voxels, followed by using the resulting 

Pearson’s correlation coefficient matrix to count the number of voxels where the correlation 

with the BOLD time-series exceeds the predefined, optimized statistical threshold of r > .25 

that has been used in previous degree connectivity studies (Buckner et al., 2009; Sepulcre et 

al., 2010). Two different kinds of degree connectivity maps were computed from the 

correlation matrix: (a) local maps, derived by counting for each voxel’s BOLD time-series 

the number of voxels where the correlation with the BOLD time-series exceeded a 

predefined optimized threshold (Buckner et al., 2009) (r > .25) inside a 12 mm radius sphere 

around each voxel; (b) distant maps, derived by the same procedure, but exclusively 

considering voxels outside the 12 mm radius sphere. In previous implementations of this 

graph theoretical metric, the spherical radius of 12 mm has been shown to be optimal in 

separating local and distant functional connections in the human brain (Sepulcre et al., 

2010). Histograms of degree connectivity maps were derived on the individual level in order 

to assure normal distribution. Statistical parametric mapping (SPM8; Wellcome Department 

of Cognitive Neurology, London, UK) was used for smoothing connectivity maps with a 

8mm kernel and for analyses at the group level. Group comparisons (two-sample t-tests) 

were performed, testing for differences in local and distant hub connectivity between BDD 

participants and controls. As it is known that group differences in interscan movement can 

lead to reductions in correlational strength between voxel time-series and erroneous 

interpretations of altered connectivity (Van Dijk et al., 2012), each participants’ mean 

interscan movement was calculated using a previously described procedure (Van Dijk et al., 

2012), and the averaged mean interscan movement was compared between groups and used 

as a covariate in group comparisons. Correction for multiple comparisons was performed at 

the cluster level using Monte Carlo simulations for fMRI data as implemented in the 

AlphaSim program (http://afni.nimh.nih.gov/pub/dist/doc/program_help/AlphaSim.html) 

and the statistical threshold of P < .05. In addition, regions of interest analyses that were 

based on previous studies in OCD and BDD were performed in all analyses using one 

combined mask of bilateral orbitofrontal, caudate, putamen, pallidum, amygdala and 

midbrain masks generated from the Automatic Anatomic Labeling (AAL) tool of the Wake 

Forest University WFU PickAtlas (http://fmri.wfubmc.edu/software/PickAtlas)) and a 

corrected threshold of PFWE < 0.05.

Further, we tested for correlations between local and distant degree connectivity and BDD 

symptom severity by including BDD-Y-BOCS total scores as a covariate in two random 

effects models containing local and distant connectivity maps of BDD participants, 

respectively. In this voxelwise whole-brain correlation analysis, only clusters exceeding the 

above-mentioned corrected threshold were used for further post-hoc assessment (i.e. Pearson 
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correlation coefficient (r) between averaged voxel estimates from significant clusters and 

BDD-Y-BOCS scores in SPSS, Version 19). All variables used for post-hoc assessment were 

tested for normal distribution using Kolmogorov-Smirnov tests.

3. RESULTS

3.1. Degree Connectivity: Group comparisons

Significant local connectivity within-group (i.e. main) (P < .05, FWE whole-brain corrected) 

effects were evident in both BDD patients and the corresponding healthy control group 

(Figure 1A and Table 2), revealing most pronounced effects in lateral occipital, parietal and 

medial prefrontal regions. Two-sample t-tests showed that BDD patients had significantly (P 

< .05, cluster-corrected) lower local connectivity in the right amygdala (Table 2 and Figure 

1B) as compared to healthy controls (HC > BDD). No regions were observed indicating a 

significantly higher local degree of connectivity in BDD participants than in controls.

As a post hoc analysis, we examined local amygdala connectivity for subdivisions of the 

task by computing local degree connectivity maps for fixation, CON, LSF, NSF, and HSF 

periods separately, revealing most pronounced amygdala degree connectivity reductions in 

the LSF condition in BDD participants (Figure 1B), which however did not survive 

correction for multiple comparisons when tested voxel-wise using a post hoc region of 

interest analysis (right amygdala: MNIXYZ = 32, 2, −20, z = 2.66; left amygdala: MNIXYZ = 

−26, 6, −18, z = 2.75; both P < .005, uncorrected). Post hoc analyses for the different task 

conditions were also used to test for significant within-group effects, as no significant 

within-group effects of amygdala connectivity occurred across the entire experiment. 

Significant (whole-brain FWE corrected) within-group effects in the amygdala were 

observed in the LSF condition in both groups (Supplemental Figure 2), revealing that local 

amygdala connectivity was significantly high during LSF, but not across the entire 

experiment.

Significant distant connectivity within-group (i.e. main) (P < .05, FWE whole-brain 

corrected) effects were evident in medial and superior prefrontal areas, in the precuneus and 

the cerebellum in both groups (Supplemental Table 1). No regions were observed indicating 

group differences between BDD participants and controls.

3.2. Brain-Behavioral Associations: Correlations between degree connectivity and BDD 
symptom severity

Voxelwise correlational analyses between degree connectivity and overall BDD symptom 

severity (BDD-Y-BOCS total scores) revealed significant positive correlations (P < .05, 

cluster-corrected) between overall BDD symptom severity (BDD-Y-BOCS total scores) and 

the degree of local connectivity in the right OFC and a cluster including the left midbrain 

and thalamus (Figure 2A and Table 3). The degree of distant connectivity in the right OFC 

also showed significant positive associations with BDD-Y-BOCS total scores (Figure 2B and 

Table 3). Post-hoc assessment of the degree connectivity estimates of the regions showing 

significant correlations in voxelwise analyses showed significant (Pearson correlation 

coefficients, 2-tailed in SPSS) correlations between BDD overall symptom severity and the 
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degree of local connectivity in the right OFC (r = .78, p < 0.001) and the left midbrain/

thalamus (r = .64, p < 0.001), and the degree of distant connectivity in the right OFC (r = .

65, p < 0.001).

Additional correlational analyses between degree connectivity and HAM-A and MADRS 

were conducted to test whether OFC degree connectivity would be correlated not only with 

BDD symptom severity, but also with anxiety and depressive symptoms, mostly revealing 

significant correlations with the connectivity of posterior brain areas, but no correlations 

with OFC connectivity (Supplemental Table 2). No correlations were observed between 

OFC and amygdalar degree connectivity and task performance (reaction times and 

percentage of correct matches in the faces task).

4. DISCUSSION

Based on the observation that BDD and OCD share similarities in symptom expression and 

regional brain hyperactivation during symptom provocation, the present study investigated 

degree connectivity in individuals with BDD to test for abnormal global network alterations 

and associations with symptom severity mirroring abnormalities previously identified in 

patients with OCD. Strikingly, global BDD symptom severity correlated with local and 

distant degree connectivity of the same region in the right posterior-lateral OFC that has 

been previously associated with symptom severity in OCD. At the same time, a reduction in 

local connectivity of the amygdala was observed, although no group differences in either the 

basal ganglia or the OFC were observed. Thus, the present findings provide initial evidence 

of highly similar brain-behavioral associations across OCRD, but also suggest that there 

might be deviating connectivity abnormality profiles within patient groups categorized in 

OCRD. Both of these conclusions have to be considered preliminary and need to be 

confirmed by studies that directly compare the disorders.

Consistent with our hypotheses, BDD symptom severity positively correlated with the local 

and distant degree connectivity of the right OFC. This finding is remarkable for several 

reasons. First, the anatomical peak locations identified by our voxelwise correlational 

analyses are almost identical to the coordinates of voxelwise correlations reported in OCD 

previously (Beucke et al., 2013) (local: MNIXYZ = 34, 20, −20 (BDD) and MNIXYZ = 38, 

22, −14 (OCD); distant: MNIXYZ = 32, 22, −20 (BDD) and MNIXYZ = 34, 20, −16 (OCD)). 

According to a recent connectivity-based parcellation providing subdivisions of the OFC 

(Kahnt et al., 2012), these coordinates all belong to a posterior-lateral OFC subregion known 

to be connected with lateral and dorsomedial prefrontal as well as inferior parietal and 

lateral temporal cortices in healthy subjects. Functionally, the lateral orbitofrontal cortex 

appears to be involved in avoidance of punishment and escape from danger (Kringelbach 

and Rolls, 2004), as well as in goal-directed behavioral choice, and may be involved in 

ritualized behavioral responses (Hollerman et al., 2000; Milad and Rauch, 2012). Within the 

OFC, the only noticeable deviation from this pattern was represented by the distant 

connectivity correlational analysis results in BDD participants, where the posterior-lateral 

OFC cluster extended to the posterior-central OFC subregion (Figure 2B), which is 

connected to the hypothalamic basal forebrain and the ventral striatum in healthy individuals 

(Kahnt et al., 2012). Second, analogous assessments of symptom severity underlie the 
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previous and present correlational analyses. More precisely, the fact that the BDD-Y-BOCS 

(Phillips et al., 1997) represents an adaptation of the original Y-BOCS (Goodman et al., 

1989), i.e. the instrument designed to measure OCD symptom severity, secures that the 

assessment of the underlying behavior of interest (i.e., primarily measuring obsessive 

thoughts and compulsive behaviors) was done in a comparably valid manner. Third, 

correlational findings were observed despite the fact that the present study used visual task 

data, whereas the previous OCD study used resting-state data (a limitation which is 

discussed in detail below). Finally, individuals with BDD in the present study were 

unmedicated. This is worth noting because in the previous studies in OCD, correlations 

between OFC degree connectivity and symptom severity were found in unmedicated 

(Beucke et al., 2013), but not in medicated (Beucke et al., 2013; Hou et al., 2014) 

individuals, suggesting that antidepressant medication reduces the association between 

symptom severity and OFC degree connectivity. Taken together, these correlational findings 

indicate parallel brain-behavioral associations in two OCRD. Whether this extends to other 

OCRD needs to be confirmed by similarly testing for correlations between OC symptom 

severity and degree connectivity in OCRD conditions such as hoarding and skin picking 

disorder.

Despite these correlational findings, the OFC and the basal ganglia did not show 

significantly higher degree connectivity in individuals with BDD as compared with healthy 

controls, results contrary to our prediction based on the abnormalities in patients with OCD. 

Of note, the degree connectivity group differences observed in unmedicated patients with 

OCD previously (Beucke et al., 2013) were found in medial, central and anterior-lateral 

OFC, thus also not in posterior-lateral OFC where the correlational findings were observed 

in the present BDD and in the previous OCD study (Beucke et al., 2013).

The only group difference that emerged in the present study was the finding of reduced local 

connectivity of the right amygdala. Post-hoc analyses revealed that local connectivity of the 

right amygdala was lower in BDD participants compared to controls across all task 

conditions, and that the difference was most pronounced during viewing of low spatial 

frequency face images (Figure 1B). An extensive literature documents the important role of 

the amygdala in the affective processing of faces and facial expressions (e.g. see (Whalen 

and Phelps, 2009) for review); thus this abnormality is potentially interesting considering the 

characteristic preoccupation of patients with own and others’ appearances (most often, 

faces), as well as others’ facial expressions in reaction to them (Buhlmann et al., 2006). In a 

previous fMRI study using others’ faces of varying spatial frequencies, the BDD group 

demonstrated greater amygdala activity than healthy controls for low and high spatial 

frequencies but not for unaltered images (Feusner et al., 2007). In the current study, separate 

post hoc analyses of local connectivity patterns by specific task periods suggests that the 

connectivity is lowest for low spatial frequency faces (however it should be noted that these 

post hoc sub-analyses are less stable in their correlation estimates as they are based on fewer 

time points). In addition, there is evidence of abnormal amygdalar sensitization with 

repeated viewing of fearful faces (Hutcheson et al., 2014), as well as associations between 

BDD symptom severity and regional amygdala volume (Feusner et al., 2009). In the current 

study, given that local connectivity corresponds to a 12mm sphere around the significant 

amygdala cluster voxels, these could reflect reduced connectivity between amygdala and 
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other limbic and/or striatal structures including the hippocampus, putamen, and/or ventral 

anterior insula. Further studies are necessary to directly test connectivity between amygdala 

and these local structures to elucidate the specificity of the dysconnectivity pattern found in 

this study.

At the same time, several factors have to be taken into consideration regarding this finding. 

First, a previous study using different spatial frequencies of own facial images did not 

identify activation abnormalities in the amygdala (Feusner et al., 2010) (although this could 

be considered abnormal lack of expected reactivity, given that the BDD participants had 

higher subjective aversiveness ratings across stimuli than healthy controls). In addition, in 

the current study there was no correlation between amygdala connectivity and symptom 

severity. Moreover, regional activity patterns may or may not be linked with connectivity 

patterns; thus integrating across different studies and analyses is challenging. Nevertheless, 

the current study suggests amygdala dysconnectivity, which adds to the growing evidence of 

aberrant amygdala function in BDD.

Similarly, there are limitations that impede comparisons of the current study with the 

previous studies in OCD. An obvious limitation of the present study is the absence of a 

direct comparison between patients with OCD and individuals with BDD. Further, although 

brain areas of extensive degree connectivity generally maintain their numerous connections 

across different task states (Sepulcre et al., 2010), significant differences in areas specifically 

required by the task have been noted when directly comparing resting-state and task states 

(Sepulcre et al., 2010). Therefore, it is possible that the observed group difference partially 

arose as a consequence of the experimental manipulation, and resting-state studies in 

individuals with BDD are required to resolve this issue. In this context, it should be noted 

that the goal of this study was to identify global (i.e. task-independent) network differences 

in individuals with BDD, and that the numbers of data points within each task condition was 

insufficient for separate analyses. Further, in order to investigate whether not only healthy 

controls and BDD, but also OCD and BDD might differ in amygdala degree connectivity, 

future studies should compare these two patient groups directly in addition to comparisons 

to healthy controls. In this context, it should be noted that within OCD, there is some 

inconsistency regarding degree connectivity of the amygdala, with a recent study showing 

reductions in amygdala connectivity (Gottlich et al., 2014), but the majority of studies 

showing no connectivity differences in this region (Anticevic et al., 2014; Beucke et al., 

2013; Hou et al., 2014).

In conclusion, the present study is the first to graph-theoretical methods on neuroimaging 

data of individuals with BDD, and identifies correlations between degree connectivity and 

symptom severity, strikingly mirroring brain-behavioral associations previously observed in 

patients with OCD. Reductions in local amygdala connectivity were also found in 

individuals with BDD, which adds to the growing, although still incomplete, evidence of 

aberrant amygdala function in BDD. Finally, these results encourage future study designs 

that include multiple OCRD patient groups to test for commonalities in brain-behavioral 

relationships between degree connectivity of the orbitofrontal cortex and obsessive-

compulsive symptoms, and to also investigate potential distinct connectivity profiles within 

OCRD.

Beucke et al. Page 9

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2017 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Supplementary Material
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FIG. 1. 
Local degree connectivity effects. (a.) main local degree connectivity effects in medial 

occipital, parietal and prefrontal brain areas, displayed separately for participants with body 

dysmorphic disorder (BDD) and healthy controls (HC); (b.) significantly lower local right 

amygdala connectivity in BDD participants as compared to HC, and post-hoc bar graphs 

indicating local amygdala connectivity across the different task conditions. The minimum t-

value threshold of 3.3 used for display purposes of between-group effects is equivalent to a 

threshold of p < 0.001, uncorrected, and the minimum t-value threshold of 4.9 used for 

display of within-group effects corresponds to a whole-brain corrected family-wise error 
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corrected threshold of p < 0.05. Abbreviations: LSF, low spatial frequency; NSF, normal 

spatial frequency; HSF, high spatial frequency; CON, control task; FIX, fixation.
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FIG. 2. 
Brain-behavioral relationships in participants with BDD. (a.) Positive correlation between 

overall BDD symptom severity (BDD-Y-BOCS total scores) and local degree connectivity 

(voxel estimates averaged over the entire significant cluster from correlational analyses 

between BDD-Y-BOCS scores and local maps) in the posterior-lateral orbitofrontal cortex. 

(b.) Positive correlation between overall BDD symptom severity (BDD-Y-BOCS total 

scores) and distant degree connectivity (voxel estimates averaged over the entire significant 

cluster from correlational analyses between BDD-Y-BOCS scores and distant maps) in the 

posterior-lateral and posterior-central orbitofrontal cortex. The minimum t-value threshold of 

3.4 used for display purposes of correlational effects corresponds to a threshold of p < 0.001, 

uncorrected.

Beucke et al. Page 15

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2017 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Beucke et al. Page 16

Table 1

Demographic data of participants with BDD and healthy controls; comparisons are based on two-sample t-

tests.

N = 28 vs. 28 BDD (M±SD) Control(M±SD) T (p value)

Sex [female (male)] 23 (5) 24 (4)

Age 23.0 (4.6) 22.8 (4.9) 0.03 (0.98)

Education (years) 14.7 (2.7) 14.4 (3.4) 0.15 (0.88)

BABS 14.2 (3.6)

BDD-Y-BOCS 30.0 (5.7)

MADRS 17.4 (7.7) 1.8 (1.7) −11.1 (< 0.001)

HAM-A 10.2 (6.2) 0.9 (1.3) −7.0 (< 0.001)

Mean interscan movement 0.05 (0.02) 0.05 (0.02) 0.10 (0.92)

Abbreviations: BDD, body dysmorphic disorder; M, mean; SD, standard deviation; BABS, Brown Assessment of Beliefs Scale; Y-BOCS, Yale-
Brown Obsessive Compulsive Scale; MADRS, Montgomery Asberg Depression Scale; HAM-A, Hamilton Anxiety Rating Scale.
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