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Summary

Endophentoypes, quantifiable traits lying on the causal chain between a clinical phenotype and 

etiology, can be used to accelerate genomic discovery in Obsessive-Compulsive Disorder (OCD). 

Here we identify the neuroanatomic changes that are shared by 22 OCD adult and adolescent 

patients and 25 of their unaffected siblings who are at genetic risk for the disorder. Comparisons 

were made against 47 age and sex matched healthy controls. We defined the surface morphology 

of the striatum, globus pallidus and thalamus, and thickness of the cerebral cortex. Patients with 

OCD show significant surface expansion compared to healthy controls, following adjustment for 

multiple comparisons, in interconnected regions of the caudate, thalamus and right orbitofrontal 

cortex. Their unaffected siblings show similar, significant expansion, most marked in the 

ventromedial caudate bilaterally, the right pulvinar thalamic nucleus and the right orbitofrontal 

cortex. These regions define a network that has been consistently implicated in OCD. Additionally 

both patients with OCD and unaffected siblings showed similar increased thickness of the right 

precuneus which receives rich input from the thalamic pulvinar nuclei and the left medial temporal 

cortex. Anatomic change within the orbitofrontostriatal and posterior brain circuitry thus emerges 

as a promising endophenotype for OCD.
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Introduction

Obsessive-compulsive disorder (OCD) is characterized by the presence of unwanted, 

repetitive and intrusive thoughts and unnecessary, repetitive behaviors and affects around 

2.3% of individuals.1 OCD is highly heritable with between 27-47% of variance of the 

phenotype attributable to heritable factors.2-5 Meta-analysis of genetic association studies 

has implicated serotonin system polymorphisms in the disorder (5-HTTLPR and HTR2A), 

although the increased risk conferred by each genetic variant is small, with odds ratios 

hovering around 1.2.6 A common variant near the BTBD3 gene which codes for a 

transcription factor attained genome wide significance in trio but not case-control analyses.7 

Notwithstanding this progress, there is a need for approaches that might accelerate genomic 

progress. One strategy is to define endophenotypes, such as brain-based changes which are 

found both in those with the disorder and in their unaffected relatives.8 Endophenotypes are 

held to lie closer to the etiology of a disorder than more distal clinical phenotypes and are 

thus ideal for exploring genetic factors driving OCD. This approach has proved powerful in 

delineating anomalous brain activity associated with a genetic liability to OCD and here we 

extend the approach to brain structure.9-13

OCD has been consistently linked with anomalies of the circuitry interconnecting the 

prefrontal cortex, the striatum, globus pallidus and thalamus.14-17 These regions form 

information processing ‘loops’ which are pivotal in much of human cognition. The circuit 

most frequently implicated in pathogenesis of OCD links the lateral orbitofrontal cortex to 

ventral and medial regions of the caudate nucleus. This caudate region then projects to the 

internal globus pallidus and then to the ventral anterior and mediodorsal thalamic nuclei. 

The thalamus projects back to predominately lateral orbitofrontal cortical regions, 

completing the loop. Other fronto-striato-thalamic loops are implicated in OCD, and the 

various loops are richly interconnected.14, 18

Recent models of OCD implicate disruption not only of fronto-striatal-thalamic circuitry but 

also networks incorporating interactions between parietal and thalamic regions. Parietal 

dysfunction, particularly of the supramarginal and angular gyri is implicated by the deficits 

seen both in patients with OCD and their unaffected relatives in motor inhibition, planning 

and attentional control.13, 19-22 These parietal regions are richly interconnected with the 

thalamus, receiving dense input from the pulvinar nuclei.23, 24 The pulvinar nuclei also have 

reciprocal connections with the precuneus, a key hub in the default mode network. This 

network partly subserves introspective cognitive processes and has been found to have 

anomalous activity in OCD.25-28 Recent models have also incorporated limbic regions which 

support psychological processes disrupted in OCD.14, 29 These include the parahippocampal 

cortex implicated in implicit learning, and the amygdala, implicated in abnormal fear 

conditioning. In summary, while models of OCD focus on anomalies within orbitofronto-

striatal circuitry, recent conceptualizations include disruption within large-scale networks 

incorporating parietal and limbic regions.

Neuroanatomic change in subcortical structures has been reported in OCD, predominately 

increased volume of the striatum and thalamus.30, 31 While informative, such studies usually 
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examine change at the level of an entire structure and thus cannot define the subregions 

which might be most compromised in the disorder. Recent advances in neuroimaging 

analytic techniques allow the definition of surface morphology at the level of millimeters in 

the striatum, globus pallidus and thalamus. Two such surface mapping studies found 

expansion in the anterior-superior caudate.32, 33 The sole study to examine the thalamus 

reported expansion of the surface of the right anterolateral thalamus and loss of typical 

asymmetry in the pulvinar thalamic nuclei.34 To date, no study has examined surface 

morphology in unaffected relatives.

Neuroanatomic change has also been found in the cerebral cortex in OCD. A meta-analysis 

of ten voxel- based morphometric studies, which define change in grey matter density, found 

increase in the lateral orbitofrontal cortex in OCD.35 Several recent studies have measured 

the thickness of the cortex at thousands of points across the cerebral cortex allowing the 

definition of structural change with exquisite resolution. While findings are mixed, there are 

reports of increased thickness of the orbitofrontal gyrus in adults with OCD.36-38 A theme 

emerges of congruent increase in the dimensions of richly interconnected regions of the 

lateral orbitofrontal cortex, striatum and thalamus in OCD.

Here, we map differences in the morphology of the striatum, globus pallidus and thalamus 

and cerebral cortex in OCD. We aimed to replicate and extend the finding of expansion of 

the surfaces of the striatum and thalamus in patients with the disorder. We hypothesized that 

there would increase in cortical dimensions in regions that are richly interconnected with the 

striatum, specifically increased thickness of the orbitofrontal cortex. Additionally we 

determined whether these morphological changes are also present in the unaffected siblings 

of those with the disorder, and might thus serve as endophenotypes for future genomic 

studies.

Methods

Participants

Twenty two individuals with OCD and 25 of their unaffected siblings were contrasted 

against 47 age and sex matched healthy controls. Participants with OCD and their siblings 

were recruited from both general adult psychiatry and specialist OCD clinics. All 

participants with OCD were in outpatient treatment. Control subjects were recruited by 

advertisement and drawn from the same geographic region. The primary inclusion criterion 

for patients was the presence of DSM-IVR defined OCD. The primary psychiatric exclusion 

criteria were substance dependence and psychotic disorders. Patients with other comorbid 

diagnoses (which were predominately depression, anxiety disorders and tics) were not 

excluded provided that OCD was the primary diagnosis and main problem for which 

treatment was sought.

Subjects were evaluated for OCD and other psychiatric disorders using the Structured 

Clinical Interview for DSM-IV and OCD symptom severity was measured using the Yale-

Brown Obsessive-Compulsive Scale (YBOCS). Assessment of adolescent and adult ADHD 

was obtained through clinical interviews using the clinician administered ADHD-RS-IV, 

providing examples and prompts appropriate for the adolescents and adults. 39 For those 
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under 18 years of age, parents were also interviewed using the Parent Diagnostic Interview 

for Children and Adolescents.40 Unaffected siblings did not meet DSM-IVR criteria for 

OCD. Other psychiatric disorders were not exclusionary for siblings except for psychosis 

and substance dependence. Control subjects were free of all axis 1 psychiatric diagnoses and 

had no first-degree relatives with OCD. The general exclusion criteria were a full-scale IQ of 

less than 80, head injury resulting in loss of consciousness and presence of a neurological 

disorder, with the exception of tics. The study was approved by the IRB of the NIMH and all 

individuals gave written informed consent.

Neuroimaging

All participants had neuroanatomic magnetic resonance imaging on a 1.5-T General Electric 

(Milwaukee, Wisconsin) Signa scanner. T1-weighted images with contiguous 1.5-mm slices 

in the axial plane were obtained using three- dimensional spoiled gradient recalled echo in 

the steady state. Imaging parameters were echo time of 5 msec, repetition time of 24 msec, 

flip angle of 45°, acquisition matrix of 256 xh192, number of excitations = 1, and 24 cm 

field of view.

The striatum (caudate and putamen), globus pallidus and thalamus were automatically 

identified using a recently developed segmentation method known as the MAGeT Brain 

algorithm.41 To summarize the technique, single atlases for the striatum, the globus pallidus 

and the thalamus that were previously defined using a three-dimensional reconstruction of 

serial histological data42 were warped to an MRI-based template. The atlases were then 

customized to a subset of the dataset (30 randomly selected subjects) using a nonlinear 

transformation estimated in a region-of-interest defined around the subcortical structures.
41-43 This set of subjects now acts as a set of templates and all other subjects are now warped 

to these templates. This provides thirty candidate segmentations for each subject’s striatum, 

globus pallidus and thalamus. The final segmentation is decided upon using a voxel-wise 

majority vote, that is, the label occurring most frequently at a specific location is retained.44 

Volumes of each structure were determined from these segmentations. These methods are 

reliable in comparisons against ‘gold standard’ manual definitions of the striatum and 

thalamus (Kappa = 0.86).41 The templates used are shown in Supplemental Figure 1.

To determine shape, first surface-based representations of the basal ganglia and thalamus 

defined on the input atlas were estimated using the marching cubes algorithm 45 and 

morphologically smoothed using the AMIRA software package (Visage Imaging; San 

Diego, CA, USA). The resulting surfaces have about 6,300 vertices per striatum, 1,300 per 

globus pallidus and 3,100 per thalamus. The nonlinear portions of the 30 transformations 

that map each subject to the input template were concatenated and averaged across the 

template library in order to limit the effects of noise and error and to increase precision and 

accuracy.46 These surface based representations were warped to fit each template, and as in 

the case of the segmentation, each these surfaces was warped to match each subject. This 

yields thirty possible surface representations per subject that are then merged by creating a 

new surface representation of the striatum, pallidum or thalamus by estimating the median 

coordinate representation at each location. At this point a third of the surface of each triangle 

is assigned to each vertex within the triangle. The surface area value stored at each vertex is 
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the sum of all such assignments from all connected triangles.47 Finally, surface area values 

were blurred with a surfaced-base diffusion smoothing kernel (5mm for the striatum and 

thalamus and 3mm pallidum).

The Constrained Laplacian Anatomic Segmentation using Proximity surface extraction 

procedure was used to determine cerebral cortical thickness at over 40,000 vertices in each 

hemisphere. First, surface meshes representing white and gray matter interfaces were 

generated.48 The root mean square thickness between corresponding nodes on the surface 

meshes was calculated in native space. A 30-mm surface blurring algorithm, which 

preserves cortical topologic features, was used to reduce noise in thickness measurements.49 

Thickness measurements were aligned using surface registration to maximize thickness 

value correspondence between participants in terms of gyral patterning.50

Analyses

We first tested the hypothesis of increased subcortical and cortical dimensions in the OCD 

group compared to controls using t tests. Adjustment for multiple comparisons was made 

using the false discovery rate procedure (setting q<0.05). Results of these vertex level 

analyses were projected onto subcortical and cortical templates. We calculated the total 

surface area and mean cortical thickness values for each group within these regions, and 

converted these values to Z scores to facilitate comparison (one Z value for the subcortical 

regions, and one Z value for the cortical regions). We then tested the hypothesis that the 

unaffected siblings would also show significant expansion in these regions compared to 

controls, in keeping with a potential endophenotype. A repeated measures ANOVA was 

used, with group as the between subjects factor and the Z scores for the cortex and subcortex 

as a within subjects factor. Again, results at the vertex level for the contrast of unaffected 

siblings against controls were projected onto brain templates.

Results

Clinical

The groups did not differ in age, sex distribution nor IQ- see Table 1. YBOCS scores were 

significantly higher in the affected individuals compared to their unaffected siblings. Eleven 

of the patients with OCD were treated with SSRIs, clomipramine or venlafaxine at the time 

of the study and one patient was also taking a low-dose antipsychotic. All but one sibling 

and all healthy controls were unmedicated. While three of the OCD subjects endorsed 

hoarding as a symptom, they also endorsed other obsessions and compulsions.

Neuroimaging

There was a significant increase of surface area in the OCD group relative to controls, 

following adjustment for multiple comparisons bilaterally in the tail and head of caudate and 

the thalamus in the region of the anterior and pulvinar nuclei-. There was a trend to 

expansion in the globus pallidus, pars interna which did not survive adjustment for multiple 

comparisons- see Supplemental Figure 2. At the level of the cerebral cortex, there was a 

significant increase in thickness, surviving adjustment for multiple comparisons in the right 

lateral orbitofrontal cortex, the left medial temporal cortex and the right posterior cingulate 
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cortex. We then tested the hypothesis that the unaffected siblings would also show increase 

in surface area and cortical thickness within these regions. This was confirmed as the 

unaffected siblings had increased subcortical and cortical dimensions compared to controls 

(p=0.018), similar to the increased dimensions shown by the patients compared to controls 

(p<0.0001). The overall significant increase in unaffected siblings compared to controls was 

driven at a subcortical level by expansion of surface area in ventromedial region of the 

caudate bialterally, extending along its tail and in the region of the right pulvinar thalamic 

nuclei.- Figures 1 and 2. In these regions, there was increased surface area compared to 

controls for both patients with OCD (p<0.0001) and the unaffected siblings (p=0.01). The 

patients also had a significant increase surface area expansions compared to their siblings 

(p=0.03) and the values for these regions are shown in Figure 4.

At the cortical level, the unaffected siblings showed increase compared to controls in 

thickness of the right lateral prefrontal cortex, the left medial temporal cortex and the right 

precuneus- Figure 3. In these regions, there was an increase in cortical thickness in both the 

patients (p<0.00001) and unaffected siblings (p=0.003). The patients and unaffected siblings 

did not differ significantly in thickness (p=0.11).

There were no group differences in cerebral grey matter volumes (all p>0.1; see 

Supplemental Table 1). The thalamus was larger bilaterally in OCD patients relative to 

controls (right thalamus: OCD patients mean 6157, (SD 680)mm3 , controls 5813 (524) 

mm3, p=0.03; left thalamus, OCD patients, mean 6218 (699) mm3, controls 5861 (497) 

mm3, p=0.02). There were no other significant volumetric group differences.

There was no significant interaction between diagnostic group and age in the determination 

of surface areas, suggesting that this effect held across the age range studied. The pattern of 

results did not differ significantly between medicated and unmedicated OCD patients, nor 

between OCD patients with and without comorbid disorders- see Supplemental Table 2.

Discussion

Two novel findings emerge from this study, which is the first to define the changes in 

subcortical surface morphology and cortical thickness shared by patients with OCD and 

their unaffected siblings. First, we find an increase in subcortical and cortical dimensions in 

OCD that localized to interconnected regions of the orbitofrontal cortex, caudate and 

thalamus. Second, unaffected siblings also show significant increases within a restricted 

portion of these regions. At the subcortical level, unaffected siblings showed surface area 

expansion in the ventromedial caudate and the right pulvinar thalamic nuclei. At a cerebral 

cortical level, unaffected siblings showed increased thickness of the right lateral 

orbitofrontal cortex, left medial temporal cortex and right precuneus.

These differences in the unaffected siblings were not detected using conventional volumetric 

region of interest approach and the findings thus illustrate the power of detailed spatial 

morphological mapping. The striatal findings both confirm and extend previous reports of 

surface expansion in OCD, and the increased thickness of the orbitofrontal is consonant with 

the increase in grey matter density reported in OCD.35
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The regions showing endophenotypic properties are consonant with models of OCD. 
14, 15, 51 The ventromedial caudate receives input from not only the orbitofrontal cortex but 

also the limbic regions, including medial temporal regions and the amygdala.29 The 

ventromedial caudate has direct projections to the internal globus pallidus, a region where 

we find a trend to surface area expansion in OCD patients. Dysfunction within this 

orbitofrontostriatal circuitry in OCD has been demonstrated in meta-analyses of both task-

based and resting state functional imaging studies.14 This dysfunction extends to those at 

genetic risk for the disorder. Chamberlain and colleagues found decreased activation of the 

orbitofrontal cortex during reversal learning in both those with OCD and their unaffected 

relatives.9 Motor inhibition deficits in unaffected relatives have been linked with an increase 

in striatal grey matter and interconnected prefrontal cortical regions.13 Another relevant 

study compared brain activity during a planning task in monozygotic twins concordantly 

high on obsessive-compulsive symptoms against monozygotic twins concordantly low in 

symptoms.10 This comparison, which defines brain activation differences linked to genetic 

factors, found differential activity in the left caudate and globus pallidus and interconnected 

inferior prefrontal regions. A further contrast within monozygotic twin pairs who are 

discordant for obsessive-compulsive symptoms, parsed out brain activation differences that 

were likely to reflect environmental factors. Notably, no differences in basal ganglia, 

thalamic or orbitofrontal activation were found between these monozygotic twins who 

differed in their level of obsessive-compulsive symptomatology.

The current study converges with the only previous examination of thalamic surfaces in 

OCD to find anomalies in the region of the anterior and pulvinar nuclei.34 The pulvinar 

nuclei are richly interconnected with the precuneus, another region we find to have increased 

dimensions in unaffected siblings.25 The precuneus is a key component of the default mode 

network, which partly subserves introspective cognitive processes.28, 52, 53 Abnormal 

activity within this network in OCD has been proposed as a contributor to the excessive 

focus on internally generated thoughts and feeling found in the disorder.26, 27 The pulvinar 

nuclei also project to the angular and supramarginal gyri. These parietal regions support 

planning and response inhibition, and deficits in these cognitive domains extend to both 

patients with OCD and their unaffected relatives.13, 19-2254 The finding of increased 

thickness of left medial temporal regions in both patients with OCD and their unaffected 

siblings is in keeping models which integrate limbic regions into circuitry for OCD.14, 29 

These models have been largely driven by both by findings of anomalies of amygdala-based 

fear learning and extinction in OCD and the demonstration of dysfunction within the 

pararhippocampal cortex during implicit learning.29, 55, 56 While there are some reports of 

increased grey matter density in medial temporal regions, results are mixed.36-38 Finding 

increased dimensions of the pulvinar nuclei, precuneus and limbic regions in unaffected 

siblings suggests that disruption of large scale brain systems beyond frontostriatal networks 

may reflect genetic vulnerability to OCD.14, 29

The neuroanatomic anomalies found in unaffected siblings are both more regionally 

confined and less severe than those seen in those with OCD. This is compatible with a cycle 

in which a genetically vulnerable neural substrate leads to symptoms, which in turn 

exacerbate the underlying neural deficits.
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Orbitofrontal-striato-thalamic expansion is an attractive endophenotype for OCD. 

Endophenotypes should ideally be more heritable than the associated clinical disorder or 

phenotype. Twin studies suggest that orbitofrontal and striatal dimensions are under tight 

genetic control, with heritability estimates of around 0.9 for the striatum and 0.7 for the 

orbitofrontal cortex, well above the estimated heritability of OCD.57-59 There are candidate 

genes which might contribute to the orbitofrontostriatal morphological changes we report. 

For example, mice exhibit obsessive-compulsive like behaviors when the SAP90/PSD95-

associated protein (SAPAP-3) gene is knocked-out, and this post-synaptic scaffolding 

protein is richly expressed in the striatum.60 Behavioral and associated neurophysiological 

anomalies are rescued among SAPA-3 knock-out mice by serotonin re-uptake inhibitors, 

induced striatal expression of SAPAP-3 and optogenetic stimulation of orbitofrontal-striatal 

circuitry.61 There is preliminary evidence that polymorphisms within the gene are associated 

with pathological grooming, although not OCD per se. 62 Additionally, polymorphisms of 

the dopamine transporter gene, which has rich striatal expression, show non-significant 

trends in meta-analysis of association studies of OCD.6, 63

Our surface area findings may also have some diagnostic specificity for OCD. For example, 

pulvinar surface contraction characterizes Attention-Deficit/Hyperactivity Disorder which 

contrasts with the expansion we find in OCD and unaffected siblings.64 Additionally, meta-

analyses find that anxiety disorders other than OCD and Attention-Deficit Hyperactivity 

Disorder are associated with decreased striatal dimensions, unlike the striatal expansions we 

and others find in OCD.31, 65

There are limitations to the study. First, many of the OCD subjects were on medication at the 

time of the study. However, the presence of similar surface area expansion in unaffected 

siblings who were unmedicated argues strongly that the findings in the OCD group cannot 

be attributed to medication. The pattern of findings was the same for OCD patients either on 

or off medication. Second, while we controlled for multiple comparisons, these findings 

require replication.

We thus identify altered morphology within orbitofrontal-striato-thalamic and posterior 

brain circuits as candidate endophenotypes for OCD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Regions where both the OCD paDents and unaffected siblings showed significant increase in 

striatal and thalamic surface area compared to controls are shown in red. These regions are 

candidate endophenotypes. Regions where only the OCD group showed significant increase 

compared to controls are shown in green. More detailed views of the thalamus are given in 

Figure 2 and results for the globus pallidus are given in Supplemental Figure 2.
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Figure 2. 
Detailed views of the thalamic regions where both the OCD patients and unaffected siblings 

showed significant increase in surface area compared to controls are shown in red. Regions 

where only the OCD group showed significant increase compared to controls are shown in 

green. The striatum are overlaid in shadow to help with orientation.
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Figure 3. 
Cortical regions where both the OCD patients and unaffected siblings showed significant 

increase in surface area compared to controls are shown in red. Regions where only the 

OCD group showed significant increase compared to controls are shown in green.
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Figure 4. 
Plots showing the minimum, maximum, median and quartile values for (A) the total surface 

area of regions where both the OCD patients and unaffected siblings had significant 

expansion, shown in Figures 1 and 2; and (B) the average mean thickness of the cortex for 

the regions shown in Figure 3.
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Table 1

Demographic and clinical characteristics of the OCD group, their unaffected siblings and healthy controls.

OCD patients Unaffected siblings Healthy controls Test of significance

Number 22 25 47

Sex Male 14 Male 14 Male 28 X2=0.33, p=0.85

Female 8 Female 11 Female 18

Age at assessment, years(mean, SD) 26 (SD 13) 24 (SD 13) 23 (SD 9) F(2,91)=0.53, p=0.52

IQ 110 (17) 113 (12) t(34)=0.74, p=0.46

Y-BOCS- means (SD) 22 (9) 2 (3) NA t=10.2, p<0.0001

Current symptoms: N(%) of patients

Taboo 15 (68) NA NA

Symmetry 10 (45)

Hoarding 3 (14)

Contamination 14 (64)

Checking 8 (36)

Lifetime symptoms

Taboo 19 (86) NA NA

Symmetry 15 (68)

Hoarding 7 (31)

Contamination 18 (82)

Checking 14(64)

Medication

SSRI/clomipramine/Venlafaxine 11 1 0

Current comorbidity

None 16 22 NA

Major depression 2 0 NA

Generalized Anxiety disorder 1 2 NA

Dysthymia 2 1 NA

Tics 3 0 NA
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