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Abstract

Obsessive—compulsive disorder (OCD) is considered to be associated with atypical brain
asymmetry. However, no study has examined the asymmetry in OCD from the perspective of
cortical morphometry. This study is aimed to describe the characteristics of cortical asymmetry in
OCD patients, and to investigate whether these features exist in their unaffected siblings — a vital
step in identifying putative endophenotypes for OCD. A total of 48 subjects (16 OCD patients, 16
unaffected siblings, and 16 matched controls) were recruited who had complete magnetic
resonance imaging scans. Left-right hemispheric asymmetries of cortical thickness were measured
using a surface-based threshold-free cluster enhancement method. OCD patients and siblings both
showed leftward asymmetries of cortical thickness in the anterior cingulate cortex (ACC), which
showed a significant positive correlation with compulsive subscale scores. In addition, siblings and
healthy controls showed significantly decreased leftward asymmetries in the orbitofrontal cortex
(OFC), and the decreased leftward bias in the OFC was accompanied by lower scales on the Yale—
Brown Obsessive—Compulsive Scale. To sum up, leftward asymmetries of cortical thickness in the
ACC may represent an endophenotype of increased hereditary risk for OCD, while decreased
leftward asymmetries of cortical thickness in the OFC may represent a protective factor.
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1. Introduction

Obsessive—compulsive disorder (OCD) is characterized with persistent intrusive thoughts
(obsessions), repetitive behaviors (compulsions) or both (Weissman et al., 1994). OCD is
highly familial, with the first-degree relatives of OCD patients having an almost 3-12 times
increased risk of developing the disorder compared with risk in the general population
(Hanna et al., 2002; Nestadt et al., 2000; Pauls et al., 1995).

Hemispheric structural asymmetry in the human brain has been observed, and is attributed to
evolutionary, developmental, hereditary, experiential and pathological factors (Toga and
Thompson, 2003). Handedness and language dominance are the most prominent examples
of extensive brain asymmetry. About 70-90 percent of the world's population is right-
handed, and about 97 percent of right-handers show left-hemisphere speech and language
localization (Toga and Thompson, 2003). Brain asymmetry is related to functional
specialization and lateralization. Abnormal brain asymmetry could result in functional
imbalance (Rilling and Insel, 1999). Disruption of brain asymmetry has implicated in the
pathogenesis of several neuropsychiatric disorders, such as schizophrenia (Narr et al., 2001),
autism (Herbert et al., 2005), and attention-deficit/hyperactivity disorder (ADHD) (Shaw et
al., 2009). Similarly, empirical neurocognitive and neuroimaging studies have frequently
found anomalous brain asymmetries in OCD patients. Regarding neurocognition, Maril et al.
explored the spatial attention asymmetry of OCD patients and matched control groups with
the Posner task (Maril et al., 2007). Their findings indicated that OCD patients had lost the
normal spatial asymmetry, and had a faster response to left visual field targets than to right;
furthermore, more anomalous asymmetry was correlated with more serious obsessional
symptoms. In the area of neuroimaging, Shin and colleagues found that OCD patients'
regional alterations of cortical thickness were only located in the left-hemisphere, including
the inferior frontal, the middle frontal, the precentral, the superior temporal, the
parahippocampal, the orbitofrontal, and the lingual cortices (Shin et al., 2007). Kim et al.
reported that the regional alterations of gray matter volume in OCD patients were mainly
located in the left hemisphere, including the orbitofrontal cortex, superior temporal gyrus,
inferior parietal lobule, cuneus, thalamus and cerebellum, while only some areas of regional
brain abnormality were located in the right hemisphere, such as the insula, inferior occipital
cortex, and middle temporal gyrus (Kim et al., 2001). As to the white matter, most regional
alterations in OCD patients were also located in the left hemisphere (Ha et al., 2009; Fan et
al., 2012). Nevertheless, several studies reported that the alterations of structural asymmetry
in OCD patients were mostly distributed to the right hemisphere (Menzies et al., 2008;
Narayan et al., 2008). For instance, Menzies et al. found that OCD patients and their first-
degree relatives both had alterations of white matter in the right inferior parietal and the
medial frontal cortex, while no region of abnormality was found in the left hemisphere
(Menzies et al., 2008). Although previous findings using whole-brain or region-of-interest
analysis methods were inconsistent, they indicated that OCD patients exhibited atypical
structural brain asymmetry. To date, however, no published work investigated the structural
asymmetry in OCD patients by comparing their left and right hemispheres, which would
elucidate the structural asymmetry straightforwardly.
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Because OCD is highly hereditary, OCD patients' unaffected siblings might share a similar
genetic profile that might be associated with vulnerability to OCD. Thus, the siblings might
show some OCD traits even if they do not fully meet diagnostic criteria for OCD (Nestadt et
al., 2000). Herein, studies on the unaffected siblings can offer rich genetic information,
which may prove helpful in disentangling state-vs.-trait markers of this disorder.

According to the studies cited above, we hypothesized that OCD patients should have
atypical cortical asymmetries and that the anatomical substrate of brain asymmetry would
likely pertain to brain regions within the cortico-striato-thalamo-cortical circuitry, such as
the OFC and the ACC, which have been widely posited to be involved in the
pathophysiological mechanisms of OCD (Baxter et al., 1992). In addition, due to high
vulnerability to OCD, we hypothesized that the siblings should share similar atypical
cortical asymmetries as OCD patients. To test our hypotheses, cortical thickness of each
hemisphere of every subject was extracted. Then, the cortical surfaces of each hemisphere
were mapped to a hybrid atlas with its left and right hemispheres being in a precise
geographic correspondence. Lastly, left-right hemispheric asymmetries of cortical thickness
were measured by the surface-based threshold-free cluster enhancement (TFCE) method
(Hill et al., 2010). We expected that OCD patients should show atypical cortical
asymmetries and that their unaffected siblings should also show similar anomalous patterns.

2. Methods

2.1. Participants

Nineteen OCD patients and their unaffected siblings were recruited. Two siblings and one
OCD patient were excluded due to the misalignment of left—right hemispheres. (Here,
“misalignment of left-right hemispheres” meant that their cortical folding patterns were
incorrectly aligned, e.g., the left pre-central gyrus was aligned onto the right post-central
gyrus, which would lead to meaningless statistical analysis). In order to eliminate the effect
of undesirable variances, the remaining unpaired two OCD patients and one sibling were
also excluded in the final analysis. In this way, 16 OCD patients, 16 siblings, and 16 healthy
controls were included in this study (see Table 1 for demographic information). All subjects
were right-handed. The OCD patients and their unaffected siblings were recruited through
Guangzhou Psychiatric Hospital, and the healthy controls were recruited from local
communities and internet advertisements.

OCD patients were evaluated by the Structured Clinical Interview (SCID) for DSM-1V Axis
| disorders (First et al., 1996). All patients had a primary diagnosis of OCD, excluding
hoarding subtypes. Five of them were comorbid with major depressive disorder (three
recurrent and two with a single episode, without psychotic features), and their depressive
symptoms were in partial or full remission during clinical evaluation. Three of them had
social phobia, one of them had an eating disorder, and all others had OCD as their sole
diagnosis. All patients received stable drug treatment, consisting of selective serotonin
reuptake inhibitors for the majority of subjects (see Table 1).

The unaffected siblings and healthy controls were screened by the SCID for the DSM-IV-TR
Axis | disorders, Research Version, and Non-Patient edition (SCID- I/NP) (First et al.,
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2002). Healthy controls with a family history of Axis I or 1l psychiatric disorders were
excluded. This research was approved by the ethics committee of Guangzhou Psychiatric
Hospital, following the principles set forth by the Declaration of Helsinki. All subjects
provided the written consent.

2.2. Clinical assessments

Obsessive—compulsive (OC) symptom severity was assessed with Yale—Brown Obsessive—
Compulsive Scale (Y-BOCS) (Goodman et al., 1989), and the Obsessive—Compulsive
Inventory-Revised (OCI-R) was used to evaluate obsessive and compulsive (OC) symptom
substyles (Foa et al., 2002; Peng et al., 2011). Symptoms of depression and anxiety were
quantified using the Beck Depression Inventory (BDI) (Beck and Steer, 1984) and the State-
Trait Anxiety Inventory (STAI) (Spielberger, 1983), respectively. The Annett Handedness
Inventory was used to assess handedness (Spreen and Strauss, 1991). Estimated 1Q was
assessed with the short form of the Chinese version of the Wechsler Adult Intelligence
Scale-Revised (WAIS-R), including four subscales, i.e., information, arithmetic, similarity
and digit span (Gong, 1992). Any subject with a total score of less than 80 was excluded.

2.3. Magnetic resonance imaging (MRI) procedures

MRI images were obtained on a Signa HDe 1.5-T GE scanner (GE Medical Systems,
Milwaukee, WI, USA), which was equipped with an eight-channel phased-array head coil, at
the First Affiliated Hospital of Jinan University. A high-resolution T1-weighted anatomical
image was acquired by a three-dimensional fast spoiled gradient recalled (FSPGR) sequence
with 128 contiguous slices (repetition time=8 ms; echo time=1.7 ms; flip angle=20° field of
view=240 x 240 mm?Z; matrix=256 x 256; slice thickness=1.0 mm). Magnetic field
uniformity was investigated before every scan. No gross abnormalities were observed for the
included subjects, when the images were visually inspected by an experienced radiologist
(C.Z.S.) before the experiment.

2.4. Image analysis

Freesurfer (v5.3.0) was used to reconstruct the cortical surfaces and measure cortical
thickness from MR images (http://surfer.nmr.mgh.harvard.edu/). The details were described
in our previous study (Li et al., 2014). In brief, the procedure included the following steps:
(1) resample all images into isotropic voxel of 1 x 1 x 1 mm3; (2) conduct both intensity
inhomogeneity correction and skull stripping; (3) segment white matter with a hybrid
watershed classifier; (4) reconstruct the white matter surface of each hemisphere and search
for the corresponding pial surface with a deformable surface algorithm; (5) measure local
cortical thickness as the distance between the inner and the outer cortical surfaces at each
vertex (Fischl et al., 1999); (6) map the cortical surface of each hemisphere onto a standard
sphere, and register each spherical surface into a hemisphere-specific atlas space; and (7)
map left and right spherical surfaces in the hemisphere-specific atlas space into a hybrid
atlas with the left and right hemispheres being in precise geographic correspondence (Van
Essen et al., 2012).
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2.5. Statistical analyses

To identify statistical significant clusters of left-right hemispheric asymmetries of the
cortical thickness and local surface area, we utilized a surface-based threshold-free cluster
enhancement (TFCE) method with 2500 times permutations (p<0.01) (Hill et al., 2010).

We analyzed demographic and clinical data using SPSS 14.0 for Windows, and set statistical
significance at p<0.05. Clinical assessments were analyzed with one-way analysis of
variance (ANOVA), and post-hoc analysis showed the results of between-group
comparisons. The Pearson correlation coefficient was used to calculate the correlation
between the clinical assessments and difference values of (left—right) hemisphere.

3. Results

3.1. Demographic and clinical characteristics

The three groups are well matched in age, gender, 1Q, education and handedness. There are
significant differences in clinical measures (Y-BOCS, OCI-R, and BDI) among them. Post-
hoc tests found that OCD patients had higher scores in total for the Y-BOCS, OCI-R and
BDI than those of the healthy controls or the siblings. Siblings significantly differ from
healthy controls in both Y-BOCS total scores (p<0.01) and compulsive subscale scores
(0p<0.01). Table 2 shows the demographic and clinical characteristics of the participants.

3.2. Cortical thickness and surface area asymmetries

OCD patients demonstrate leftward asymmetries in the ACC, the superior frontal lobe, and
the paracentral lobule. Decreased leftward asymmetries are found in the supramarginal gyrus
and some clusters in the temporal lobe. Siblings show decreased leftward asymmetries in the
OFC, the superior frontal lobe, and a small cluster in the cingulate cortex. Leftward
asymmetries are found in the ACC and the superior parietal lobe. The healthy controls
exhibit greater cortical thickness in the right hemisphere than in the left, mainly including
the middle temporal gyrus (MT), OFC, and supramarginal gyrus. Different from the right
hemisphere, no increased regional cortical thickness was found in the left. Fig. 1 shows the
distinctive cortical asymmetries in every group. Intriguingly, OCD patients and their siblings
both have leftward asymmetries in the ACC. The values of cortical thickness asymmetry in
each group are shown in Fig. 1S. The regional surface area asymmetries of the rightward
lateralization in the frontal lobe and also the leftward lateralization in the planum temporale
existed in each group, with the detailed patterns shown in Fig. 2S.

3.3. Correlations between cortical thickness asymmetries and clinical evaluations

We used the overlapping region of cortical thickness asymmetries in the ACC and OFC to
calculate the correlation figures between cortical-thickness difference (left hemisphere —
right hemisphere) and clinical scores in the group of OCD patients. A significant positive
correlation existed between leftward asymmetry in the ACC and the compulsive subscale
scores in the YBOCS (r=0.52, p=0.039). The correlation plot shown in Fig. 2 suggests that
more leftward asymmetry in the ACC is accompanied by more serious compulsive
symptoms. The decreased leftward asymmetry in the OFC has a trend of positive correlation
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with the YBOCS scores (r=0.46, p=0.073), indicating that less leftward asymmetry in the
OFC is correlated with more OC symptoms (see Fig. 3).

4. Discussion

The current study is the first to investigate cortical asymmetries of cortical thickness and
surface area in OCD patients and their unaffected siblings. We have two notable findings.
First, OCD patients and their unaffected siblings both showed leftward asymmetry in the
ACC, which is considered as a potential hereditary risk indicator of OCD. Second, the
siblings and the healthy controls showed decreased leftward asymmetry in the OFC, and
decreased leftward asymmetry in the OFC was accompanied by lower Y-BOCS scores. Our
findings provide new insights into the understanding of asymmetrical structural substrates in
OCD.

4.1. Cortical thickness asymmetries in the ACC

Our results identified that both OCD patients and their siblings have leftward asymmetry of
cortical thickness in the ACC. Previous imaging studies found that OCD patients had a
morphological leftward bias in the ACC. For example, Shim and colleagues found that
cortical folding in the ACC had leftward asymmetry in OCD patients, and their findings
suggest that morphologic anomalies in the ACC reflected disrupted neuronal connectivities
in the early life of OCD patients (Shim et al., 2009). The evidence from comparative studies
has indicated that larger brain volume is associated with increased specialization and
lateralization of function (Rilling and Insel, 1999). In addition, larger volumes of the right
ACC were found to be associated with better performance on an attentional task (Casey et
al., 1997). So, the lower cortical thickness in the right ACC of OCD patients and siblings
may be related to attentional bias, suggesting that OCD patients and their siblings are apt to
fixate on threatening stimuli. Then, repetitive behaviors accrue as a mechanism to relieve the
anxiety resulting from the threatening information. The ACC has been implicated
consistently in the pathophysiology of OCD. This region is linked to cognitive interference
characterized by competing information-processing demands, characteristics that have been
frequently reported in OCD (Penades et al., 2007). Furthermore, a neurocognitive study
found that regional N-acetyl aspartate (NAA) in the right ACC, but not the left ACC, which
is a neuronal marker relating to specific cognitive activity, was highly correlated with the
cognitive interference. This fact implies that only the right ACC was involved in the
cognitive interference (Jang et al., 2006). Thus, based on the existing literature, we could
speculate confidently that the leftward bias of cortical thickness in the ACC is related to the
anomalous cognitive interference in OCD patients. On the other hand, some researchers have
argued that the ACC may underlie the development of self-regulatory capacities, and the
abnormal development of the ACC may lead to deficits in the self-regulation of intrusive
thoughts and images or the well-documented deficits in inhibitory control in OCD (Posner et
al., 2007). However, more studies are needed to further investigate whether the leftward
asymmetry in the ACC is associated with impaired cognitive interference in OCD patients.
Intriguingly, their siblings also have leftward bias in the ACC. Thus, the anomalous leftward
bias in the ACC appears to reflect a trait marker for OCD that can exist in the absence of
clinically significant symptoms. This trait is in accordance with the endophenotype principle
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that a heritable quantitative trait is associated with the increased genetic risk for a disorder
and is presented both in patients and their unaffected relatives (Gottesman and Gould, 2003).
In addition, the leftward asymmetry in the ACC is positively correlated with YBOCS
compulsive subscale scores, which means that more serious leftward asymmetry in the ACC
is associated with more serious compulsive manifestations. Our findings suggest that the
leftward asymmetry in the ACC may constitute an endophenotype for OCD.

4.2. Cortical thickness asymmetries in the OFC

The siblings group and the healthy controls group both have decreased leftward asymmetries
in the OFC. Previous studies have demonstrated that the OFC is the most replicated brain
region associating with OCD (Rotge et al., 2009). Recently, a meta-analysis of ROl volume
studies on OCD reported that OCD patients had a smaller volume in the OFC than the
matched control group (Rotge et al., 2009). Functionally, the OFC hyperactivations may be
involved in obsessions and compulsive actions. For instance, Stern et al. found that OCD
patients had shown greater activation in the OFC as identified with an event-related
functional MRI paradigm to investigate neural function of uncertainty (Stern et al., 2013).
Moreover, their findings demonstrated that the activations in the OFC were negatively
associated with OC symptom severity, although the mechanism underlying the
hyperactivation in the OFC of OCD patients is still unclear. Some researchers speculated
that the overactivations in the OFC may reflect patients' effort to inhibit their symptoms
during OC symptom provocation because greater activations of the OFC associate with a
smaller increase in reported symptoms during the provocation (Adler et al., 2000). Most
importantly, the OFC and ACC are intimately inter-connected via cortico-striato-thalamo-
cortical circuitry (Alexander et al., 1986). These two regions have been widely implicated in
OCD from the findings of symptom-provocation studies (Saxena and Rauch, 2000; Saxena
et al., 2001). OCD patients were found to be hyper-active in the OFC and ACC under
symptom provocation, and to show less activity after treatment, which was interpreted as
evidence that overactivation in these two regions generates the symptoms of OCD (Saxena
and Rauch, 2000; Saxena et al., 2001). Of note, the decreased leftward asymmetries in the
OFC are only found in the siblings group and the healthy controls group, not in the OCD
patients group. As mentioned above, the leftward asymmetry in the ACC is served as a
susceptibility factor for OCD. Based on that fact that the interactions between the OFC and
the ACC jointly exert a powerful influence on OC symptom provocation, one possible
interpretation of these findings is that the decreased leftward asymmetries in the OFC may
act as a protective factor for OCD. This speculation is consistent with the phenomenon that
the siblings have the high risk factor (the leftward asymmetry in the ACC), but they do not
fully meet the diagnostic criteria for OCD, which suggests that the protective factor (the
decreased leftward asymmetry in the OFC) might prevent the provocation of OCD
symptoms in siblings by interacting with the ACC. Further studies on the interaction
between the leftward asymmetry in the ACC and the decreased leftward asymmetry in the
OFC are needed to assess the validity of this speculation. Our findings further provide
substantial evidence that both the OFC and the ACC play a predominant role in the
pathology of OCD, and we strongly suggest that the regions in the left and right hemispheres
may have different effects on the mechanism of OC symptom provocation.
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4.3. Cortical thickness asymmetries in uncommon regions

Healthy controls show thicker cortical thickness in the middle temporal gyrus of the right
hemisphere than the left hemisphere, which is consistent with a recent study suggesting that
a clearly decreased leftward asymmetry with respect to cortical thickness is salient with both
the primary and the secondary auditory cortex (Meyer et al., 2014). Furthermore, healthy
controls and OCD patients both exhibit decreased leftward asymmetry in the inferior parietal
gyrus (angular part), which is in accordance with the findings that healthy adults show
decreased leftward asymmetry of cortical volume in the angular gyrus (Goldberg et al.,
2013). Decreased leftward asymmetry in the angular gyrus was not observed in siblings,
which may result from the fact that there were more females in the siblings group; females
are more proficient at verbal tasks while males are more proficient at visuospatial tasks
(Plessen et al., 2014).

Several limitations exist in our study. First, we have a relatively small sample, and thus it is
impractical to perform subgroup analysis by dividing the OCD patient samples into different
subtypes. We suggest different OCD subtypes to be underpinned by different neural
mechanisms, so the study on different OCD subgroups in a large sample would be
interesting. Second, our study is restricted to cortical regions, not including subcortical
regions. Previous studies found that some subcortical regions, such as the caudate nucleus,
had a vital role in OCD. Future studies are needed to measure structural symmetry both in
cortical and subcortical regions in an attempt to explore the gross morphological
characteristics in OCD. Third, OCD patients in this study were receiving medications when
scanned, so the effects of medication cannot be completely ruled out in our results. The issue
of medication use needs to be addressed in future work by using the samples of drug-naive
patients with OCD. Fourth, most OCD participants in this study had significantly above-
normal anxiety, and the potential effect of anxiety on asymmetry of cortical thickness cannot
yet be determined. Future research should directly investigate the asymmetry of cortical
thickness in OCD patients without obvious anxiety.

4.4. Conclusion

This study investigated both the cortical thickness and the surface area asymmetry in OCD
patients, their unaffected siblings, and healthy controls by comparing their left-right
hemisphere differences. Our results show that OCD patients and their siblings both had
leftward asymmetries of cortical thickness in the ACC, while their siblings and the healthy
controls had decreased leftward asymmetries of cortical thickness in the OFC. According to
the definition of an endophenotype, the leftward asymmetry in the ACC may serve as an
endophenotype representing the increased genetic risk of OCD while the decreased leftward
asymmetry in the OFC may constitute a protective factor. Our findings provide novel
evidence that both the OFC and the ACC play vital roles in the pathophysiology of OCD
and, most importantly, the left-right differences of these two regions may have a distinctive
impact on the pathogenesis of OCD.
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Fig. 1.
Cortical thickness asymmetries in OCD patients, siblings, and healthy controls (p<0.01).

The red indicates that the cortical thickness is thicker in left hemisphere than that in the right
hemisphere (left<right), while the blue indicates that the cortical thickness is thinner in the
left hemisphere than that in the right hemisphere (left<right). SIB=Siblings; CON=healthy
controls. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)
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Fig. 2.
The scatter plot for the correlation between leftward asymmetry in ACC and the YBOCS

compulsive scores in OCD patients (/=0.52, p=0.039).
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Fig. 3.
The scatter plot for the correlation between decreased leftward asymmetry in OFC and the
YBOCS (total) scores in OCD patients (r=0.46, p=0.073).
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Table 1

Treatment details of OCD patients.

Treatment Number of cases  Average dosage (mg)
Citalopram 2 40

Clomipramine 2 100

Fluoxetine 1 46.7

Fluvoxamine 2 250

Mirtazapine 1 30

Paroxetine 3 60

Sertraline 2 162.5
Paroxetine+sodium valproate 1 40+666.7
Paroxetine+quetiapine 2 40+200
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