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Abstract

Objectives: Obsessive-compulsive disorder (OCD) is one of the most debilitating
psychiatric disorders, with some speculating that a reason for difficulty in its treatment might be
its coexistence with autism spectrum. We investigated the tendency for autistic spectrum
disorders (ASD) in patients with OCD from a neuroimaging point of view using voxel-based
morphometry.

Methods: We acquired T;-weighted images from 20 patients with OCD and 30 healthy
controls and investigated the difference in regional volume between the groups as well as the
correlation between Autism-Spectrum Quotient (AQ) scores and regional cerebral volumes of
patients with OCD.

Results: Volumes in the bilateral middle frontal gyri were significantly decreased in
patients with OCD compared to controls. Correlational analysis showed significant positive
correlations between AQ scores and regional gray matter (GM) volumes in the left dorsolateral
prefrontal cortex (DLPFC) and left amygdala. Furthermore, GM volumes of these regions were
positively correlated with each other.

Conclusions: The positive correlation of ASD traits in patients with OCD with regional
GM volumes in the left DLPFC and amygdala could reflect the heterogeneity of patient
symptoms. Our results suggest that differences in GM volume might allow classification of

patients with OCD for appropriate therapy based on their particular traits.

Keywords: obsessive-compulsive disorder (OCD), autism spectrum disorder (ASD), Autism-

Spectrum Quotient (AQ), voxel-based morphometry (VBM)



Introduction

Obsessive-compulsive disorder (OCD) is characterized by distressing, intrusive obsessive
thoughts and/or repetitive compulsive physical or mental acts. The lifetime prevalence of OCD
is reported as one to 3 percent, making it the fourth most common psychiatric disorder (1), and
the World Health Organization has ranked OCD as one of the most debilitating disorders (2).
Some speculate that its coexistence with autism spectrum might be a reason for the difficulty in
treating OCD. Bejerot identified autistic traits in 20 percent of subjects with OCD and suggested
that the comorbidity produces a more severe and treatment-resistant form of OCD and that OCD
with comorbid autistic spectrum disorder (ASD) should be recognized as a valid OCD subtype,
analogous to OCD with comorbid tics (3). On the other hand, Lai’s group reported OCD
symptoms in 7 to 24 percent of patients with ASD (4).

One well known screening tool of ASD is the Autism-Spectrum Quotient (AQ) developed
by Baron-Cohen and colleagues (5). Cath’s group reported that autism-related problem
behaviors differ between patients with OCD with comorbid ASD and patients with pure OCD
and suggested the assessment of specific autism symptom domains and fine-tuning of treatment
for patients with OCD with ASD (6).

Neuroimaging techniques have unveiled the morphological and functional changes related
to OCD and ASD. In OCD, the focus has been on the cortico-striatal circuitry, but recent studies
show the involvement of several regions, including the lateral and medial orbitofrontal cortices,
dorsal anterior cingulate cortex, and amygdalocortical circuitry (7). In ASD, altered structure or
functions have been reported in regions related to social perception and cognition, the social
brain, and executive function (4). Interestingly, the frontostriatal circuit is involved in both
OCD and ASD. The Medical Research Council of the United Kingdom’s Autism Imaging
Multicentre Study (MRC AIMS) Consortium has suggested the possible overlap of
abnormalities in the fronto-striatal-thalamic circuitry that mediate some of the repetitive
behaviors in ASD with mediating symptoms observed in people with OCD (8).

Several reports have investigated the structural abnormality of OCD and ASD using voxel-
based morphometry (VBM). A meta-analysis reported that patients with OCD showed reduced
GM in the parietofrontal cortical regions, including the supramarginal gyrus, dorsolateral
prefrontal cortex (DLPFC), and orbitofrontal cortex, and increased GM in the putamen and
anterior prefrontal cortex (9). In contrast, VBM meta-analyses of ASD have brought
controversial results. In ASD, Nickl-Jockschat and associates reported disturbances in several
regions, including the lateral occipital lobe, pericentral region, medial temporal lobe, and basal

ganglia and proximate to the right parietal operculum (10), and Via and associates found robust



decreases in GM volume in the bilateral amygdala-hippocampus complex and the bilateral
precuneus as well as a small increase in the middle-inferior frontal gyrus (11). Though the
sample sizes of both meta-analyses were sufficient (277 patients with ASD and 303 controls
[10]; 496 patients with ASD and 471 controls [11]), their results were totally different, which
may be attributable to their different statistical approaches (activation likelihood estimation
[ALE] [12] and signed differential mapping [SDM] [13]).

Though we see some overlapped regions between ASD and OCD, little is known about the
association between these 2 disease entities. Therefore, we examined the ASD tendency of
patients with OCD from the point of view of neuroimaging. We employed the Japanese version
of the AQ (14,15) as an index for ASD tendency and the regional GM volume by VBM as an
index for the neural basis and then explored the relationship between the two. We wanted to
understand how the tendency for ASD affects the neural basis of OCD, so we focused on
previously reported (7) regions associated with OCD, i.e., the fronto-striatal circuits and

amygdala, and hypothesized that the AQ score might be related to these regions.

Methods

Participants

The subjects were 20 patients aged 18 to 48 years diagnosed with OCD (based on the
criteria of the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders
[DSM-IV-TR] (16) and 30 healthy volunteers matched for age, gender, and handedness who
underwent magnetic resonance (MR) imaging at Chiba University Hospital.

Patients were primarily diagnosed with OCD using the Structured Clinical Interview for
DSM-1V Axis I Disorders, Research Version, Patient Edition. (SCID-I/P) (17). We excluded
those with past or current diagnosis of comorbid schizophrenia or substance-related disorders,
total intelligence quotient (IQ) under 80, score below 17 on the Yale-Brown Obsessive-
Compulsive Scale (Y-BOCS) (18) (for patients with OCD), or a clinically significant general or
neurological disease that might influence the structural brain image, patients currently pregnant
or nursing, or those with any contraindication for MR imaging, such as a pacemaker.

The Research Ethics Committee of Chiba University Hospital approved all procedures, and

participants provided informed consent after receiving a complete description of the study.

Clinical measurements



All patients were assessed for severity of OCD symptoms using the Japanese version of Y-
BOCS, and all participants completed the self-administered AQ questionnaire, which was
developed to quantify autistic traits in individuals with normal intelligence. We adopted the
Japanese version of the AQ scale (14) to measure the autistic tendencies of individuals. AQ is
not a diagnostic measure, and no one had a clinical diagnosis of ASD. Scores of all items were
tallied, and a high AQ score indicated a high autistic load near the autistic end of the autism

spectrum.

MR imaging acquisition and image processing

At Chiba University, all subjects underwent 3-dimensional (3D) T;-weighted imaging using
an MR scanner equipped with a 32-channel phased-array head coil (Discovery MR750 3.0T,
General Electric Healthcare, Waukesha, WI, USA). Images were collected by 3D spoiled
gradient recalled acquisition in steady state (SPGR) sequence (echo time, 3.164 ms; repetition
time, 8.124 ms; flip angle, 15°; acquisition matrix, 256 x 256; slice thickness, one mm; field of
view, 25.6 cm; number of excitations, one; bandwidth, 31.25 kHz; inversion time, 420 ms;
acceleration factor, 2).

T,-weighted MR images were processed using Statistical Parametric Mapping 8 (SPMS)
software (Wellcome Institute of Neurology, University College London, UK,
http://www.fil.icon.ucl.ac.uk/spm) running under MATLAB® R2012b (The MathWorks, Inc.,
Natick, MA, USA). The images were preprocessed using the VBMS toolbox
(http://dbm.neuro.uni-jena.de/vbm/), which is an extension of the unified segmentation model
that consists of spatial normalization, bias field correction, and tissue segmentation (19).
Registration to the stereotactic space of the Montreal Neurological Institute (MNI) consisted of
linear affine transformation and nonlinear deformation using high dimensional diffeomorphic
anatomical registration through exponential Lie algebra (DARTEL) normalization (20). The
normalized and segmented images were modulated by applying a nonlinear deformation, which
allows comparison of absolute amounts of tissue corrected for individual differences in brain
size. Bias-corrected, modulated, and warped tissue maps were then written with an isotopic
voxel resolution of 1.5 x 1.5 x 1.5 mm and smoothed with an 8-mm full width at half maximum

(FWHM) Gaussian kernel.

Statistical analysis
Statistical analysis was performed with SPM8, which implemented a general linear model.

First, we performed a 2-sample t-test to detect the difference in GM volume between patients



with OCD and controls. Hypothesizing an influence of ASD tendency on the neural basis of
OCD, we treated the total AQ score as a covariate. The initial voxel threshold was set to P <
0.001 uncorrected. Clusters were considered significant that fell below a cluster-corrected false
discovery rate (FDR), g = 0.05. Then, we used a multiple regression model to analyze the
correlation between AQ score and regional GM volume. We treated age, gender, Y-BOCS score,
and AQ score as covariates. Because regression analysis between Y-BOCS and AQ score
resulted in low r-squared values (-0.204, P = 0.388), we considered them independently from
each other. Because the regions of interest (ROI) included small regions, such as the amygdala,
we performed ROI analysis using PickAtlas software (21), employing its automated anatomical
labeling (AAL) atlas to generate the ROIs. Based on our hypotheses, we made a fronto-striatal
ROI that included the bilateral frontal lobes, caudate nuclei, and putamina and a second ROI
that consisted of the bilateral amygdalae. Significance levels were set at family-wise error
(FWE)-corrected P < 0.05. We obtained MNI coordinates to detect the anatomical region of the

clusters.

Results

Nine of 29 patients identified with OCD met the study’s exclusion criteria, so we analyzed
the remaining 20 patients and 30 controls. Table 1 shows demographic data of the subjects. The
mean duration of OCD in patients was 11.5 + 7.5 years, the mean score of Y-BOCS was 26.2 +
3.7, and the mean score of AQ was 27.2 & 6.7. Fifteen of 20 patients (75%) were prescribed
antidepressants, antipsychotics, or anxiolytics. However, adherence was generally poor, and we
could not assess the real dose.

Group comparison revealed significantly decreased volume in the bilateral middle frontal
gyri in patients with OCD compared to controls (Fig. 1, Table 2). We found significant positive
correlations between AQ score and regional GM volume in the left DLPFC (peak MNI
coordinates: x, —42;y, 38; z, 22; cluster size, 71; Fig. 2a) and left amygdala (peak MNI
coordinates: x, —26;y, —4; z, —24; cluster size, 103; Fig. 2b) in patients with OCD. To examine
the strength of the correlation between these 2 regions, we extracted GM volumes from each
cluster and performed correlational analysis, which demonstrated their moderate correlation
with each other (Fig. 3; r = 0.53, P = 0.02). We found neither significant negative correlation
between AQ scores and regional GM volumes nor any correlation between AQ and regional

GM volumes in controls.

Discussion



We investigated the regional reduction in GM volume of patients with OCD as well as the
relationship between the ASD tendency of OCD patients and regional GM volumes. Our results
revealed that patients with OCD showed decreased GM volumes in the prefrontal regions. We
also found a positive correlation between AQ scores and GM volumes in the left DLPFC and
left amygdala.

Previous studies have reported GM reduction in OCD in several regions and
commonly in the frontal areas (9,22), which were consistent with our result. On the other hand,
we did not find altered volume in the basal ganglia or anterior cingulate, which has often been
reported. This might be explained by the limited sample of our study. Indeed, lowering the
statistical threshold, for example, to P < 0.01 uncorrected for multiple comparisons, resulted in
reduced volumes in these regions. In other words, volume reduction in the bilateral prefrontal
cortices is more meaningful in patients with OCD when considering AQ. We also found a
positive correlation between AQ scores and GM volumes in the DLPFC and amygdala. Morgan
and colleagues reported an increase in the microglia in the DLPFC in patients with ASD, which
led to increased regional volume in the DLPFC (23). Geurts and associates also reported the
positive correlation of ASD severity with the middle frontal gyrus (24) The DLPFC is well
known as a center of executive function, and ASD shows executive dysfunction (25). The
DLPFC is also related to social learning (26) and can thus modulate the behavior of subjects
with autistic tendency. Considering that the AQ score is a useful tool for screening ASD (5) and
that the AQ is high in patients with OCD with ASD (27). Our results suggest that the regional
GM volume of the DLPFC is relatively preserved in patients with OCD with ASD tendency.

Besides the DLPFC, we also found a positive correlation between the AQ score and
regional GM volume in the amygdala. Our results may seem to contradict Via’s results (11),
which showed decreased gray matter volume in the amygdala-hippocampus complex in ASD.
However, if we lower the statistical threshold, for example, to P < 0.001 uncorrected for
multiple comparisons, group comparison shows volume reduction in the amygdala-
hippocampus complex of patients with OCD compared to controls. Taking this into
consideration, the GM volume of the amygdala showed a positive correlation with AQ score
though it was decreased compared to that in controls.

In addition, some controversial findings are reported. Murphy’s team reported a
significantly larger volume of the amygdala in patients with ASD (28), and Dichter’s group
demonstrated hyperactivation in the bilateral amygdala during face anticipation that predicted
social symptom severity (29). Those findings with ours indicate that ASD is related to altered

structure or function of the amygdala, which could contribute to the severe depressive or



pervasive anxiety shown by patients with OCD with ASD traits (30). In this context,
classification of patients with OCD based on differences in structural GM volume could
optimize therapy planning according to their individual traits.

We also found a positive correlation between GM volumes of the left amygdala and DLPFC.
St. Onge and colleagues found that prefrontal-amygdala circuits are related to risk-based
decision-making (31). Ghashghaei’s group suggested synergistic roles of the amygdala and
prefrontal cortex in regulating purposive behavior, with the amygdala extracting the affective
significance of stimuli and the prefrontal cortex guiding goal-directed behavior (32). These
functions are essential in judging rewarding or aversive outcomes of actions, which could
modulate the behavior characteristics of patients with OCD. In addition, the MRC AIMS
Consortium reported increased volume in the DLPFC of adults with ASD and correlation of
several regions, including the amygdala and prefrontal region, as a network (8). Taken together,
these findings suggest that both OCD and ASD tendency might share common neural networks,
including the prefrontal circuit.

Our study has some limitations. First, our sample size was relatively small, and larger
samples are needed to confirm our findings. Second, we employed the AQ as an index for ASD
tendency, and tough the AQ is easy to use and validate, it is determined by a self-administered
questionnaire and is thus subject to the individual’s perspective. From this point of view, other
assessment tools, such as the Autism Diagnostic Interview-Revised (33), might be more
accurate for assessing the ASD tendency of subjects. Third, we did not fully assess depression
or anxiety symptoms of subjects and so could not exclude the influence of depression or anxiety

in the statistical model.

Conclusions

In conclusion, we found the positive correlation of ASD traits in patients with OCD with
regional GM volumes in the left DLPFC and amygdala, which could contribute to the
heterogeneity of symptoms of patients with OCD. Our results suggest that classification of
patients with OCD based on differences in GM volume could optimize therapy planning based

on their individual traits.

Acknowledgment

This work was supported by Grant-in-Aid for Innovative Areas (Comprehensive Brain
Science Network) from the Ministry of Education, Culture, Sports, Science and Technology of
Japan and JSPS KAKENHI Grant Number 23591733.



References

1. Grant JE. Clinical practice: obsessive-compulsive disorder. N Engl J Med 2014; 371:646-
653.

2. Ayuso-Mateos JL. Global burden of obsessive-compulsive disorder in the year 2000.
Geneva: World Health Organization; 2006. Available from http://www.who.int/

3. Bejerot S. An autistic dimension: a proposed subtype of obsessive-compulsive disorder.
Autism 2007; 11:101-110.

4. Lai MC, Lombardo MV, Baron-Cohen S. Autism. Lancet 2014; 383:896-910.

5. Baron-Cohen S, Wheelwright S, Skinner R, Martin J, Clubley E. The autism-spectrum
quotient (AQ): evidence from Asperger syndrome/high-functioning autism, males and females,
scientists and mathematicians. J Autism Dev Disord 2001; 31:5-17.

6. Cath DC, Ran N, Smit JH, van Balkom AJ, Comijs HC. Symptom overlap between autism
spectrum disorder, generalized social anxiety disorder and obsessive-compulsive disorder in
adults: a preliminary case-controlled study. Psychopathology 2008; 41:101-110.

7. Milad MR, Rauch SL. Obsessive-compulsive disorder: beyond segregated cortico-striatal
pathways. Trends Cogn Sci 2012; 16:43-51.

8. Ecker C, Suckling J, Deoni SC, et al; MRC AIMS Consortium. Brain anatomy and its
relationship to behavior in adults with autism spectrum disorder: a multicenter magnetic
resonance imaging study. Arch Gen Psychiatry 2012; 69:195-209.

9. Rotge JY, Langbour N, Guehl D, et al. Gray matter alterations in obsessive-compulsive
disorder: an anatomic likelihood estimation meta-analysis. Neuropsychopharmacology 2010;
35:686-691.

10. Nickl-Jockschat T, Habel U, Michel TM, et al. Brain structure anomalies in autism
spectrum disorder--a meta-analysis of VBM studies using anatomic likelihood estimation. Hum
Brain Mapp 2012; 33:1470-1489.

11. Via E, Radua J, Cardoner N, Happé F, Mataix-Cols D. Meta-analysis of gray matter
abnormalities in autism spectrum disorder: should Asperger disorder be subsumed under a
broader umbrella of autistic spectrum disorder? Arch Gen Psychiatry 2011; 68:409-418.

12. Turkeltaub PE, Eden GF, Jones KM, Zeffiro TA. Meta-analysis of the functional
neuroanatomy of single-word reading: method and validation. Neuroimage 2002; 16(3 Pt
1):765-780.

13. Radua J, Mataix-Cols D, Phillips ML, et al. A new meta-analytic method for neuroimaging
studies that combines reported peak coordinates and statistical parametric maps. Eur Psychiatry

2012; 27:605-611.



14. Wakabayashi A, Tojo Y, Baron-Cohen S, Wheelwright S. [The Autism-Spectrum Quotient
(AQ) Japanese version: evidence from high-functioning clinical group and normal adults].
Shinrigaku Kenkyu [Jap J Psychology] 2004; 75:78-84. [Article in Japanese]

15. Wakabayashi A, Baron-Cohen S, Wheelwright S, Tojo Y. The Autism-Spectrum Quotient
(AQ) in Japan: a cross-cultural comparison. J Autism Dev Disord 2006; 36:263-270.

16. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders,
4th Edition, Text Revision. 4th ed. Washington, DC: American Psychiatric Association; 2000.
17. First, MB., Spitzer, RL, Gibbon M, and Williams, JBW. Structured Clinical Interview for
DSM-IV-TR Axis I Disorders, Research Version, Patient Edition. (SCID-I/P). New Y ork:
Biometrics Research, New York State Psychiatric Institute, 2002

18. Taga C, Nakamura M, Nishimura I, Kanayama H, Nakajima T. Clinical investigation of the
ICD-10 subcategories for obsessive-compulsive disorder. Psychiatry Clin Neurosci 1997;
51:259-260.

19. Ashburner J, Friston KJ. Unified segmentation. Neuroimage 2005; 26:839-851.

20. Ashburner J. A fast diffeomorphic image registration algorithm. Neuroimage 2007; 38:95-
113.

21. Maldjian JA, Laurienti PJ, Kraft RA, Burdette JH. An automated method for neuroanatomic
and cytoarchitectonic atlas-based interrogation of fMRI data sets. Neuroimage 2003; 19:1233-
1239.

22. van den Heuvel O, Remijnse PL, Mataix-Cols D, et al. The major symptom dimensions of
obsessive-compulsive disorder are mediated by partially distinct neural systems. Brain 2009;
132(Pt 4):853-868.

23. Morgan JT, Chana G, Pardo CA, et al. Microglial activation and increased microglial
density observed in the dorsolateral prefrontal cortex in autism. Biol Psychiatry 2010;68:368—
376

24. Geurts HM, Ridderinkhof KR, Scholte HS. The relationship between grey-matter and ASD
and ADHD traits in typical adults. J Autism Dev Disord 2013; 43:1630-1641.

25. Hill EL. Executive dysfunction in autism. Trends Cogn Sci 2004; 8:26-32.

26. Gariépy JF, Watson KK, Du E, et al. Social learning in humans and other animals. Front
Neurosci 2014; 8:58.

27. Kano Y. [Treatment-refractory OCD from the viewpoint of obsessive-compulsive spectrum
disorders: impact of comorbid child and adolescent psychiatric disorders]. Seishin Shinkeigaku

Zasshi [Japanese Psychiatry and Neurology] 2013; 115:990-996. [Article in Japanese]



28. Murphy CM, Deeley Q, Daly EM, et al. Anatomy and aging of the amygdala and
hippocampus in autism spectrum disorder: an in vivo magnetic resonance imaging study of
Asperger syndrome. Autism Res 2012; 5:3-12.

29. Dichter GS, Richey JA, Rittenberg AM, Sabatino A, Bodfish JW. Reward circuitry function
in autism during face anticipation and outcomes. J Autism Dev Disord 2012; 42:147-160.

30. Mito H, Matsuura N, Mukai K, et al. The impacts of elevated autism spectrum disorder
traits on clinical and psychosocial features and long-term treatment outcome in adult patients
with obsessive-compulsive disorder. Compr Psychiatry 2014; 55:1526-1533.

31. St. Onge JR, Stopper CM, Zahm DS, Floresco SB. Separate prefrontal-subcortical circuits
mediate different components of risk-based decision making. J Neurosci 2012; 32:2886-2899.
32. Ghashghaei HT, Hilgetag CC, Barbas H. Sequence of information processing for emotions
based on the anatomic dialogue between prefrontal cortex and amygdala. Neuroimage 2007,
34:905-923.

33. Lord C, Rutter M, Le Couteur A. Autism Diagnostic Interview-Revised: a revised version of
a diagnostic interview for caregivers of individuals with possible pervasive developmental

disorders. J Autism Dev Disord 1994; 24:659-685

10



Table 1. Demographics of subjects

Patients Healthy controls P-value
Mean (SD) Range Mean (SD) Range
Age (years) 34.1 (8.5) 18-48 31.2 (8.5) 20-48 0.24
Gender (M/F) 10/10 15/15 1
Handedness
) 20/0 27/3 0.15
(right/left)

Age at onset of OCD 22.7 (7.3) 11-35 - -

Duration of illness
11.5(7.5) 0-25 - -
(years)

Y-BOCS total score  26.2 (3.7) 20-34 - -

AQ total score 27.2 (6.7) 17-39 16.0(4.7) 7-25 <0.0001

AQ, autism spectrum quotient; F, female; M, male; OCD, obsessive-compulsive disorder; SD,

standard deviation; Y-BOCS, Yale-Brown Obsessive-Compulsive Scale
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Table 2. Two-sample t-test between patients with obsessive-compulsive disorder (OCD) and

controls
Montreal Neurological Institute .
Region ] Cluster size T-value
(MNI) coordinates
X y z
Left middle frontal gyrus -36 30 42 766 5.45
Right middle frontal gyrus 44 39 31 576 4.76
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Fig. 1. Two-sample t-test between patients with obsessive-compulsive disorder (OCD) and
controls. Group comparison revealed significantly decreased volumes in the bilateral middle
frontal gyri of patients with OCD compared to controls (P < 0.05, false-discovery rate corrected

for multiple comparisons at cluster level).
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Fig. 2. Positive correlation between autism spectrum quotient (AQ) score and regional gray

matter (GM) volumes. We found significant positive correlations between AQ score and
regional GM volumes in the left dorsolateral prefrontal cortex (x, —42;y, 38; z, 22; cluster size,
71; Fig. 2a) and left amygdala (x, —26; y, —4; z, —24; cluster size, 103; Fig. 2b). Small volume
correction (family-wise error, P < 0.05) was applied to each cluster to correct multiple

comparisons.
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Fig. 3. Correlation between regional gray matter (GM) volumes of the left dorsolateral
prefrontal cortex (DLPFC) and left amygdala. GM volumes of both the left DLPFC and left
amygdala correlated with autism spectrum quotient (AQ) scores in patients with obsessive-

compulsive disorder (OCD) and correlated positively with each other (r = 0.53, P = 0.02).

15



