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Obsessive-compulsive disorder (OCD) is among the most debilitating psychiatric
disorders. Comorbid autism spectrum disorder (ASD) or autistic traits may impair
treatment response in OCD. To identify possible neurostructural deficits underlying
autistic traits, we performed white matter tractography on diffusion tensor images (DTI)
and assessed autistic trait severity using the Autism-Spectrum Quotient (AQ) in 33 OCD
patients. Correlations between AQ and the DTl parameters, fractional anisotropy (FA),
mean diffusivity (MD), axial diffusivity (AD), and radial diffusivity (RD) were examined
in major white matter tracts that were suggested to be altered in previous OCD
studies. We found a negative correlation between AQ and FA and positive correlations
between AQ and MD, AD and RD in the left uncinate fasciculus using age, Beck
Depression Inventory, Yale-Brown Obsessive-Compulsive Scale, intelligence quotient
and medication as covariates. However, we could not detect the significant results
between AQ and all DTl parameters when adding gender as a covariate. In addition,
in the ASD comorbid group, FA in the left uncinate fasciculus was significantly lower
than in the non-ASD comorbid group and MD and RD were significantly higher than in
the non-ASD group. These results did not survive correction for multiple comparisons.
In ASD, the socio-emotional dysfunction is suggested to be related to the alteration of
white matter microstructure in uncinate fasciculus. Our results suggest that variations in
white matter features of the left uncinate fasciculus might be partly explained by autistic
traits encountered in OCD patients.

Keywords: obsessive-compulsive disorder, diffusion tensor imaging, white matter tracts, autism spectrum
disorder, Autism-Spectrum Quotient, left uncinate fasciculus

INTRODUCTION

Obsessive-compulsive disorder (OCD) is the fourth most common psychiatric disorder (1), with
an approximate lifetime prevalence of 1-3% (2), and is ranked as one of the most debilitating
disorders by the World Health Organization (3). It is characterized by both obsessions, defined
as recurrent thoughts, urges, or images experienced as intrusive and unwanted and compulsions,
repetitive behaviors, or mental acts executed for preventing anxiety or some feared outcome (4).
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According to the National Institute for Health and Care
Excellence (NICE) treatment guideline, adults with OCD should
be offered cognitive behavior therapy (CBT), selective serotonin
reuptake inhibitor (SSRI) therapy, or combined SSRI/CBT
treatment. However, OCD appears to have a low remission rate
and a high probability of recurrence. In a 3-year perspective
follow-up of SSRI-treated OCD patients, only 65% achieved
partial remission and the relapse probability was 60% (5).
In a 15-year follow-up, OCD remission probability was 42%
and the recurrence rate was 25% at year 15 (6). Psychiatric
comorbidity is strongly associated with poor treatment response
(5, 6), including comorbid autism spectrum disorder (ASD) (7).
Bejerot et al. reported that approximately 20% of OCD patients
have ASD traits. However, in general, these traits were not
considered in treatments because these traits were regarded as
personality disorders or OCD symptoms (8). Thus, ASD traits
were overlooked, which may have contributed to OCD treatment
resistance.

ASD is characterized by persistent deficits in social
communication and interaction across multiple contexts, as
well as restricted, repetitive patterns of behavior, interests, and
activities that usually emerge during early development (4).
Estimated worldwide prevalence is approximately 1%, and 70%
have other psychiatric comorbidities, most frequently anxiety
(42-56%), depression (12-70%), and OCD (7-24%) (9).

These high rates of psychiatric comorbidity in ASD may
be due to shared etiology, the social disadvantages of autism,
or overlapping diagnostic criteria (9). Jacob et al. reviewed
overlaps in clinical phenotypes, familial relationships, and
genetics between ASD and OCD (10). The shared clinical
phenotypes of ASD and OCD include repetitive patterns of
behavior, interests, and activities, while obsessive-compulsive
(OC) symptoms common to ASD include symmetry obsessions
and repeating, ordering, and counting compulsions. On the
other hand, aggression, sexual, religious, and somatic obsessions,
and checking compulsions or cleaning and contamination are
infrequent in ASD (11). Bolton et al. observed that OCD
was common in autistic probands and that relatives of OCD
patients were more likely to exhibit autistic-like social and
communication impairments (12). Hollander et al. found that
parents of ASD children exhibiting high scores on the repetitive

Abbreviations: OCD, obsessive-compulsive disorder; NICE, the National Institute
for Health and Care Excellence; CBT, cognitive behavior therapy; SSRI, selective
serotonin reuptake inhibitor; ASD, autism spectrum disorder; OC, obsessive-
compulsive; ADI-R, Autism Diagnostic Interview-Revised; OFC, orbitofrontal
cortex; ACC, anterior cingulate cortex; CSTC, cortico-striato-thalamo-cotrical;
DTI, diffusion tensor images; WM, white matter; FA, fractional anisotropy;
AD, axial diffusivity; MD, mean diffusivity; RD, radial diffusivity; UF, uncinate
fasciculus; MRI, magnetic resonance imaging; fMRI, functional magnetic
resonance imaging; AQ, Autism-Spectrum Quotient; ADHD, attention deficit
hyperactivity disorder, SCID-I/P, Structured Clinical Interview for DSM-IV Axis
I Disorders, Research Version, Patient Edition; Y-BOCS; Yale-Brown Obsessive-
Compulsive Scale, BDI, Beck Depression Inventory; WAIS-III, Wechsler
Adult Intelligence Scale; IQ, intelligence quotient; M.IN.I, Mini-International
Neuropsychiatric Interview; MDD, major depressive disorder; SAD, social anxiety
disorder; GAD, generalized anxiety disorder; FSPGR, fast spoiled gradient-echo;
MPG, motion-probing gradient; TRACULA, TRActs Constrained by UnderLying
Anatomy; ADOS-2, Autism Diagnostic Observation Second Edition.

behavior domain of the Autism Diagnostic Interview-Revised
(ADI-R) (13) had more frequent OC traits than parents of
ASD children with low ADI-R repetitive behavior domain scores
(14). In a prospective study of 3,380,170 cohort samples, ASD
patients had a two-fold higher risk of later OCD diagnosis,
whereas OCD patients had an almost four-fold higher risk of
later ASD diagnosis, strongly suggesting overlapping etiology
(15). Moreover, genetic studies have linked chromosome7q (16),
chromosomes 1, 6, and 19 (17), and chromosomel5q11-13 (18)
to OC symptoms in ASD. Serotonin transporter (SERT, SLC6A4),
tryptophan hydroxylase (TH2), and 5-HT2B were identified as
candidate genes in both OCD and ASD (10). The glutamine
transporter gene SLC1A1 and a glutamate receptor gene (GRIK2
or GLURG) have also been implicated in both OCD and ASD (10).

Previous findings of neuroimaging studies have been reported
in both OCD and ASD. In OCD, functional and structural
neuroimaging studies suggest that there are abnormalities in
the orbitofrontal cortex (OFC), anterior cingulate cortex (ACC),
thalamus, and striatum, and the cortico-striato-thalamo-
cortical (CSTC) circuits dysfunction is central (19). Menzies
et al. proposed a revised CSTC-based OCD model involving the
dorsolateral prefrontal cortex, anterior cingulate, and amygdala
(20). In a meta-analysis (21), widespread structural abnormalities
in the dorsomedial, dorsolateral, ventrolateral, and frontopolar
prefrontal cortices and related areas (temporo-parieto-occipital-
associated regions) were found.

In addition to functional neuroimaging studies, diffusion
tensor imaging (DTI) studies have suggested white matter
(WM) alterations in OCD. DTI measures WM microstructure
by quantification of the directionality and coherence of water
diffusion. Tissues with highly regular fiber orientation have
high fractional anisotropy (FA), while those with less regular
fibers have low FA (22). FA is the most commonly reported
parameter in DTI studies. Mean diffusivity (MD) is the average
of three eigenvalues and is related to WM maturation (23),
whereas axial diffusivity (AD) and radial diffusivity (RD) are
specific indices with directional eigenvalues (24, 25). Although
the exact structural and functional correlates of these parameters
remain unclear, they clearly indicate microstructural changes
in WM tracts. In previous OCD studies, WM abnormalities
were reported in areas including the cingulate bundle, corpus
callosum, and anterior limb of the internal capsule but findings
were inconsistent (26, 27), possibly due to differences in DTI
methodology and OC symptoms heterogeneity. Piras et al.
(21) reported consistent alterations of WM in the fronto-basal
pathways associated with the OFC and the anterior cingulate
cortex. They also reported that the connectivity between
the lateral frontal and parietal regions, and microstructural
abnormalities in intra-hemispheric bundles have consistently
changed (27).

In the volumetric studies to evaluate macrostructure in WM
tracts, increased WM-volume was also reported in arcuate and
uncinate fasciculus (UF) (28). On the other hand, previous DTI
studies have also identified WM microstructure abnormalities
in ASD. Travers et al. (29) reported that young adults with
ASD tend to have decreased FA accompanied by increased MD
and RD in many brain regions, especially in corpus callosum,
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cingulum, and WM tracts connecting subregions of the temporal
lobe (29). In addition to abnormalities of specific brain regions,
atypical neural network connectivity such as lower connectivity
in the fronto-posterior region in fMRI (functional magnetic
resonance imaging) and DTT studies was also suggested (30, 31).
Aoki et al. (32) reported the long-distance underconnectivity
hypothesis of ASD with significant FA reductions in left uncinate
fasciculus in their meta-analysis (32). However, these results were
heterogeneous especially in DTT studies (29).

These relationships between OCD and ASD were also
examined in several neuroimaging studies. Ecker et al. (33)
reported that gray matter volume of the left dorsolateral
prefrontal volume is correlated with the severity of ADI-
R repetitive domain symptoms in adult patients with ASD.
This area is part of the cognitive control network, and the
regional overlap with the revised CSTC circuitry mediating
repetitive behaviors may be related to OCD symptoms (33).
Kobayashi et al. (35) reported correlations between the Autism-
Spectrum Quotient (AQ) (34) scores and regional gray matter
volumes in the left dorsolateral prefrontal cortex and amygdala
of OCD patients (35). Carlisi et al. (36) reported that the
rostrodorsomedial prefrontal cortex in both ASD and OCD
showed lower function and structure by their meta-analysis of
fMRI and structural MRI (36). WM alterations were investigated
in children with neurodevelopmental disorders, such as ASD,
OCD, and attention deficit hyperactivity disorder (ADHD) (37).
They also reported lower FA within the splenium of the corpus
callosum WM alterations in all neurodevelopmental disorders,
such as ASD, OCD, and ADHD, than in the control group.
However, the studies that investigated both ASD and OCD, and
studies that investigated OCD comorbid with ASD, or studies
that intended to elucidate how ASD traits in OCD involved in
neuropathology of OCD were quite few. The aim of this study was
to investigate relationships between regional WM features and
comorbid ASD traits in OCD using DTT and the Japanese version
of AQ (38, 39). A previous meta-analysis showed widespread
WM alterations of OCD (27, 40), so 18 major WM tracts were
investigated (Figure 1).

METHODS

Subjects

Thirty-three patients (12 males and 21 females, 18-48 years) from
the Chiba University Psychiatric Imaging Database were enrolled
as subjects. All were outpatients of Chiba University Hospital.
Diagnosis of OCD was confirmed by trained psychiatrists
according to the psychosis subsections of the Structured Clinical
Interview for DSM-IV Axis I Disorders, Research Version,
Patient Edition (SCID-I/P) (41). We assessed autistic traits by
the AQ, OCD severity using Yale-Brown Obsessive-Compulsive
Scale (Y-BOCS) (42), and depressive symptoms using Beck
Depression Inventory (BDI) (43). Patients with Y-BOCS scores
<16 were excluded. Intelligence was assessed by Wechsler
Adult Intelligence Scale (WAIS-III) (44), and patients with
intelligence quotient (IQ) <80 were excluded. We used the
Mini-International Neuropsychiatric Interview (M.LN.L) to
assess comorbidities (45). Handedness was determined by the

FIGURE 1 | Three-dimensional anatomical representation of reconstructed
white matter in one OCD patient. A, anterior; ATR, anterior thalamic radiation;
CAB, cingulum angular bundle; CCG, cingulum cingulate gyrus; CST,
corticospinal tract; Fma, forceps major; Fmi, forceps minor; ILF, inferior
longitudinal fasciculus; L, left; S, superior; SLFP, superior longitudinal
fasciculus-parietal; SLFT, superior longitudinal fasciculus-temporal; UNC,
uncinate fasciculus.

Edinburgh Handedness Inventory (46). Exclusion criteria were
neurological disorders, schizophrenia, substance dependence,
organic brain disease, and severe physical diseases. The mean
duration of illness was 10.4 & 7.7 years, the mean total Y-BOCS
score was 26.2 = 3.5, and the mean total AQ score was 25.1 = 6.8.
The number of patients with/without medication was 24 (73%)/9
(27%). There were six patients with medication with both SSRIs
and major tranquilizers, 13 taking SSRI, four taking tranquilizers,
and one taking clomipramine, a tricyclic antidepressant. In 33
OCD patients, three had comorbidities with ASD and MDD
(major depressive disorder), one had comorbidity with ASD and
SAD (social anxiety disorder), and one each had comorbidity
with MDD, bulimia, agoraphobia, and GAD (generalized anxiety
disorder). Nine had comorbidity with only ASD, one had
comorbidity with only MDD, and one had comorbidity with only
SAD. The number of patients with/without comorbidity was 16
(48%)/17 (52%). Clinical diagnoses of ASD were confirmed with
Diagnostic and Statistical Manual of Mental Disorders (DSM)-
IV by two experienced psychiatrists, and thirteen patients were
diagnosed as having ASD as comorbidity. Detailed clinical and
demographic data for all participants are shown in Table 1,
and detailed clinical and demographic data for participants
comorbid ASD or Non-ASD group are shown in Table 1. The
Institutional Research and Ethics Committee of the Graduate
School of Medicine, Chiba University approved the study (No.
1330). Written informed consent was obtained from each subject
before the assessments began. All experiments were performed
in accordance with the Helsinki Declaration. The trial was
registered as UMIN000008765.

MRI Acquisition
All subjects underwent DTI and T1-weighted MRI using a
3T scanner equipped with a 32-channel phased-array head
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TABLE 1 | Demographic, clinical data, and head motion of patients with OCD.

Variable Patients ASD Non-ASD
N (%) Mean (SD) Range N (%) Mean (SD) N (%) Mean (SD) P-value

Age (years) 32.8(7.7) 18-48 31.5(8.2) 33.7 (7.5) 0.298
Gender (male/female) 12/21 9/4 5/15 0.029°t
Handedness (right/left) 33/0 13/0 20/0 -
Age of onset of OCD (years) 22.4 (8.1) 6-40 20.9 (6.5) 23.4(9.1) 0.465
Duration of illness (years) 10.4 (7.7) 0-25 10.8 (7.7) 10.1(7.9) 0.917
Y-BOCS 26.2 (3.5) 19-34 27.1(3.1) 25.6 (3.7) 0.372
AQ 25.1(6.8) 10-39 28.5(4.8) 23.0(7.1) 0.005*
BDI 18.2 (11.0) 2-44 23.9 (6.2) 15.1 (12.0) 0.011*
FlQ 102.2 (11.4) 80-122 103.2 (9.9) 101.5 (12.5) 0.624
Comorbidities

Major depressive disorder 4(12) 3(23) 3(15) 0.659"

Social anxiety disorder 2 (6) 1(8) 1) 1.000"

Generalized anxiety disorder 1) 0 1(5) -

Bulimia 19 0 1(6) -

Agoraphobia 1) 0 1(5) -
Medication at time of study

Medication-free 9 (27) 4 (31) 5 (25) 1.000"

SSRIs 13 (39) 4(31) 9 (45) 0.485"

Antipsychotic augmentations 6(18) 4(31) 2 (10 o.182f

Major tranquilizers 4(12) 0 4 (20) -

Clomipramine 1) 2(15) 0 -
Head motion

Translation (mm) 0.773 (0.261) 0.880 (0.288) 0.563 (0.115) 0.057

Rotation (degrees) 0.005 (0.003) 0.006 (0.003) 0.004 (0.001) 0.049*

SD, standard deviation; OCD, obsessive-compulsive disorder; Y-BOCS, Yale-Brown Obsessive-Compulsive Scale; AQ, Autism Spectrum Quotient; BDI, Beck Depression Inventory; FIQ,
Full scale Intelligence Quotient assessed by WAIS-IIl, SSRIs, selective serotonin reuptake inhibitors; SSRIs, number of patients taking only SSRIs; Antipsychotic augmentations, number
of patients taking both SSRIs and major tranquilizers; Major tranquilizer, number of patients taking only major tranquilizers; Mean of chlorpromazine equivalent of major tranquilizers for
each patient (92.7 £+ 65.6 mg). Mean of imipramine equivalent of antidepressants for each patient (138.4 + 65.1mg). *p < 0.05, ! Fisher's exact test.

coil (Discovery MR750 3.0 T; GE Healthcare, Waukesha, WI,
USA). Images were collected by 3D fast spoiled gradient-
echo (FSPGR) sequence (echo time: 3.164 ms; repetition time:
8.124 ms; flip angle: 15°; acquisition matrix: 256 x 256; slice
thickness: 1 mm; field of view: 25.6 x 25.6 cm?; number of
excitations: 1; bandwidth: 31.25kHz; inversion time: 420 ms;
acceleration factor: 2). DTI data were acquired using a single-
shot echo-planar sequence with the following parameters:
TE = 61.1 ms, TR = 8,500 ms, matrix size = 128 x 128, imaging
resolution = 1.875 x 1.875 x 2 mm?, band width = 250kHz,
number of motion-probing gradient (MPG) directions = 30, b-
value = 1,000 s/mm?, number of acquisitions = 2, acceleration
factor = 2.

MRI Data Processing

DTI and T1-weighted images of each subject were processed in
FreeSurfer 5.3.0 (https://surfer.nmr.mgh.harvard.edu) (47) using
the TRACULA (TRActs Constrained by UnderLying Anatomy)
toolbox (48) with a probabilistic tractography according to a
method reported in a previous study (49). In image processing,
head motions and eddy currents were corrected and image
quality was checked (50). Subsequently, intra-subject registration

was performed by affine transformations between low-b diffusion
and structural T1-weighted images. Then, the individual’s T1
images and DTI images were registered to MNI template (51).
In addition to a cortex mask, a WM mask was created by
cortical parcellation and subcortical segmentation transformed
to the template image. Then, all scalar diffusion measures (FA,
MD, AD, and RD) were mapped to the template image after
fitting by least-squares tensor estimation using DTI fit function
in the Oxford Center for Functional MRI of the Brain (FMRIB)
Software Library (FSL) 5.0 (www.fmrib.ox.ac.uk/fsl/), and a
priori probabilities of WM pathways were computed and mapped
the selected initial control points from the template space to
individual diffusion space. Moreover, fitting of the ball-and-stick
model of diffusion (52) was performed to estimate the posteriori
probability distribution of 18 major WM pathway’s (53) location
in the individual and tensor-scalar values were extracted for each
pathway (54).

Statistical Analysis

All statistical calculations were performed using SPSS software
(version 21.0, IBM Corp., Armonk, NY). The difference of
clinical and demographic data between ASD and Non-ASD
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group were investigated using Mann-Whitney U-tests or Fisher’s
exact test. Correlations between AQ scores and DTI parameters
(FA, MD, AD, and RD) were investigated in target WM
tracts (the corpus callosum forceps major, corpus callosum
forceps minor, bilateral anterior thalamic radiation, bundle
of cingulum, cingulate gyrus of cingulum, corticospinal tract,
inferior longitudinal fasciculus, parietal part of the superior
longitudinal fasciculus, temporal part of superior longitudinal
fasciculus, and UF). Head motions during DTI scans were
evaluated by two-sample ¢-test after test of normality in average
translation and average rotation, percent of bad slices, and drop
out scores. The partial correlation coefficient was obtained using
age, BDI, Y-BOCS, FIQ, medication, and gender as control
variables. The differences of WM features were investigated
between OCD patients divided into two groups according to ASD
diagnosis using Mann-Whitney U-tests. The significance level
was set at p < 0.05 (two-sided). Y-BOCS total score were used
as a nuisance covariate in order to adjust for the effect of OCD
severity in WM features.

RESULTS

Average translation and average rotation in head motion in
with or without ASD group were 0.880 & 0.288 mm and 0.006
£ 0.003 degrees and 0.563 £ 0.115mm and 0.004 £ 0.001)
degrees, respectively. No significant difference in head translation
(p = 0.057) was shown but the larger head rotation was shown in
OCD comorbid with ASD group (p = 0.049). No percent of bad
slices were shown in both groups. Drop out scores were one in
both groups (Table 1).

Partial correlations were investigated using age, BDI, Y-
BOCS, FIQ, and medication as covariates. A significant negative
correlation was observed between AQ score and FA in the left UF
(r = —0.47, p = 0.015, d = 1.06) and FA in the left cingulum
angular bundle (r = —0.43, p=0.034, d = 0.94), and significant
positive correlations were observed between AQ score and MD,
AD, and RD in the left UF (MD, r = 0.49, p = 0.012, d = 1.12;
AD,r =047, p = 0.016,d = 1.06; and RD, r = 0.49, p = 0.011,
d = 1.12), MD in the right cingulum cingulate gyrus (r = 0.41,
p = 0.048, d = 0.89), AD in the right cingulum angular bundle
(r =0.46, p = 0.024, d = 1.04). However, correlation analysis did
not survive the multiple comparisons (Holms method). We also
added gender as a covariate because gender should be adapted
to control variables for their effect on WM integrity (55). Then,
we could not detect the significant results between AQ and DTI
parameters in all 18 pathways. There were three outliers in DTI
parameters. They were all male with the high AQ scores (35)
and average age (mean; 33.0, range; 27-37), Y-BOCS (mean;
26.3, range: 26-27), and BDI (mean; 20.7, range 15-28). After
deleting these three individuals, significant correlations were not
shown.

The differences of WM features in the left UF were
investigated between OCD patients divided into two groups
according to ASD diagnosis using Mann-Whitney U-test. In the
ASD comorbid group, FA (t = —2.58, p = 0.015, r = 0.42,
d = 0.93) was significantly lower, and MD (¢t = 2.14, p = 0.040,

r = 0.36, d = 0.77) and RD (t = 2.27, p = 0.030, r = 0.38,
d = 0.82) were significantly higher than in the non-ASD
comorbid group in the left UF. These results could clarify
that the ASD traits in OCD might affect WM features in this
pathway.

DISCUSSION

We observed a negative correlation between AQ scores and FA
and positive correlations between AQ scores and MD, AD, and
RD in the left UF, FA in left cingulum angular bundle, MD in right
cingulum cingulate gyrus, AD in right cingulum angular bundle
using age, BDI score, Y-BOCS, medication and FIQ as covariates
(Figure 2), and significant differences in FA, MD, RD when we
compared the WM integration in the left UF according to the
ASD diagnosis of patient. Functional interpretations are difficult
because individual parameters are intricately interrelated with
all others. For example, in WM neuropathology, the anisotropy
decreases when either RD increases and/or RD reduces (24).
However, previous DTI studies of ASD showed reduced FA and
elevated MD and RD (56), and this correlation pattern was shown
in the current study. These results suggest that the degree of
WM feature in the left UF is associated with the severity of
autistic traits in OCD. In the current study, we did not detect any
significant results when adding gender as a covariate in addition
to BDI score, Y-BOCS, medication, and FIQ. A voxel wise study
reported the differences of FA, RD, and AD between men and
women in many brain regions such as splenium of the corpus
callosum, bilateral corona radiate, posterior limb of the internal
capsule, cerebral peduncle, external capsule, bilateral superior
longitudinal fasciculus, bilateral middle cerebellar peduncle, and
the column of the fornix (55). Hence, it was not denied that the
possibility of the existence of gender effects in the current results.

Von Der Heide et al. (57) proposed three major functions
of UE including associative and episodic memory functions,
linguistic functions, and social-emotional functions (57). One
of the reasons they proposed socio-emotional functions was
an anatomical reason is that UF connects limbic circuit
involved in social memories as well as theory of mind to
OFC that is considered the center of reward-based decision
making. Another reason is that clinical populations with socio-
emotional dysfunction, such as fronto-temporal dementia (58-
60), traumatic brain injury (61, 62), Capgras delusion (63, 64)
and so on, represented damages to UF. Then, they summarized
the function of UF as the intersection of memory and social-
emotional processes that associated the temporal lobe function
involved in integrating a person’s name, face, voice, and feeling
for a person, and the orbito-frontal function involved in reward-
based decision making. On the other hand, in OCD, Menzies et al.
proposed a revised CSTC loop that included the limbic region
associated with affective impairment in OCD from functional
and structural MRI findings (20). In an fMRI study of OCD,
the limbic, temporal, and hypothalamus regions were activated
when a shame-related task was presented, and the frontal, limbic,
and temporal parts were activated when a guilt-related task was
presented (65). Decreased FA in the right UF, positive correlation
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FIGURE 2 | Correlation between AQ and FA (A), MD (B), AD (C), and RD (D). AD, axial diffusivity; AQ, Autism-Spectrum Quotient; FA, fractional anisotropy; MD,
mean diffusivity; RD, radial diffusivity.

between FA in the cingulum/UF and symptom severity (66),
increased MD in the left UF (67) were also reported. Jayarajan
et al. (68) reported WM alterations in UF and suggested the
possibility of the limbic system involvement that played a role
in emotional processing (68). Zarei et al. (69) indicated the high
FA of right UF and the correlation of left UF with symptom
severity in OCD patients (69). However, the effect of autistic
traits on white matter alterations in UF were not considered in
these previous OCD studies. Then, the correlation pattern in the
current study might indicate the effect of highly autistic traits on
WM integrity in OCD patients.

In previous studies of ASD, UF is associated with socio-
emotional functioning (56). Normal infants gradually develop
abilities for discrimination of emotional expressions in
others, joint attention, and imitative behaviors (70), with a
comprehensive theory of mind established by age 4 years (70).
On the other hand, infants with ASD exhibit less interest in
social stimuli, as well as less imitation, eye contact, and social
smiling (70). They show little reaction to the facial expressions of
others, less social imitation, less joint attention, and an impaired
theory of mind (70). These socio-emotional deficits in ASD are
associated with limbic and paralimbic systems’ dysfunction.
The UF plays an important role in socio-emotional function by
connecting the temporal lobe, amygdala, and hippocampus to
insular and orbitofrontal cortices (56). Structural MRI studies of
ASD have revealed widespread abnormalities that include but
are not specific to the UF (56). A previous fMRI study of ASD
reported a correlation between reduced connectivity among

limbic and non-limbic regions and social symptom severity
on the Social Responsiveness Scale (71), and this impaired
limbic/non-limbic connectivity included UF deficits (56). For
instance, an FA abnormality in the UF at 6 months of age
predicted impaired joint attention at 9 months of age (72). In
another DTI study, the volume and density of the UF were
correlated with autistic features, including socio-emotional
deficits (73). Further, FA in the UF correlated with therapy
duration and clinical outcome as measured by the Child Autism
Rating Scale (74). Samson et al. (75) assessed WM alteration
in 18 ASD group and typically developed (TD) controls, and
investigated the relationship between FA in UF using DTI and
socio-affective deficit. They reported that ASD group had lower
FA in left UF than TD, and within ASD group, FA was related
to socio-affective deficit (75). These results would support the
correlation between AQ representing autistic traits and UF
features in the current study, but it would be difficult to evaluate
whether our subjects had socio-emotional deficits without
functional data of socio-emotional function.

Our study has some limitations. First, our sample size may
not be large enough to detect less robust correlations between
autistic traits and DTI parameters. Second, the majority of
OCD patients took medications, but medication may introduce
additional behavioral or neurostructural heterogeneity, thereby
obscuring other DTI-AQ associations (76). Third, AQ, used to
evaluate autistic traits, and BDI, used to evaluate depressive
symptoms, are subjective self-administered questionnaires. More
objective assessment tools such as the ADI-R, Autism Diagnostic
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Observation Second Edition (ADOS-2), and the Hamilton Rating
Scale for Depression may be more accurate. Fourth, some of
the patients were diagnosed with comorbid major depressive
disorder, which may also influence AQ and neuroimaging
results (77). Fifth, in our study, we had no functional data
demonstrating the socio-emotional dysfunction of UF in OCD
patients. Therefore, though the WM feature in left UF might
be associated with the socio-emotional function, the validity of
this relationship was difficult to determine. Sixth, there were no
control groups such as a healthy control group or an ASD group.
Seventh, we did not detect significant correlations between AQ
and DTI parameters when we added gender as covariates. Our
result might be affected by gender. Eighth, all the statistically
significant results did not survive Holms correction. Then the
result of the current study should be considered carefully.
Finally, the decrease of FA and increase of RD might come
from head motion (50). Findings from DTI in some recent
studies for ASD may be confounded by head motion (78). They
revealed that effect sizes of group differences between ASD
and healthy control in several tracts increased with stringent
quality matching. Careful quality-control and motion-matching
should be considered. Future studies with larger numbers, less
severe or absent comorbidities, controlled medication, objective
assessment tools, comparison with a control group, and with
socio-emotional measurements, may allow for the detection of
a broader range of associations between ASD traits and WM
features in OCD.
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