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ABSTRACT

BACKGROUND AND PURPOSE: Psychiatric symptoms occur in approximately 30% of patients with MS. Such symptoms include OCD,
which may interfere heavily with the patient’s daily life. We hypothesized that the widespread involvement of both GM and WM, which
characterizes MS, may be responsible for the occurrence of OCDwhen specific brain structures are affected. The aim of this study was to
evaluate the relationship between GM and WM tissue damage and OCD in patients with MS.

MATERIALS AND METHODS: We evaluated 16 patients with relapsing-remitting MS who had been diagnosed with OCD on the basis of
theDiagnostic and StatisticalManual ofMental Disorders (4th edition) and 15 age- and sex-matched patients with relapsing-remittingMS
with no psychiatric disorders as a CG. The MR study (1.5T) included 3D T1-weighted fast-field echo sequences, DTI (32 directions), and
conventional MRI. Images were processed using SPM5, FSL, and Jim 5.0 software to evaluate VBM, TBSS, and global and regional LV,
respectively.

RESULTS: The VBM analysis revealed a set of clusters of reduced GM volume in the OCD group, compared with the CG, located in the
right inferior and middle temporal gyri and in the inferior frontal gyrus. TBSS did not detect any differences in the FA values between the
2 groups; global and regional LV values also did not differ significantly between the 2 groups.

CONCLUSIONS: Our study suggests that OCD in MS may be caused by damage in the right frontotemporal cortex.

ABBREVIATIONS: CG� control group; EDSS� Expanded Disability Status Scale; FA� fractional anisotropy; GM� gray matter; LV� T2 lesion volume; OCD�
obsessive-compulsive disorder; TBSS� tract-based spatial statistics; VBM� voxel-based morphometry; Y-BOCS� Yale-Brown Obsessive Compulsive Scales

MS is the most common chronic inflammatory and de-

generative disease of the central nervous system. Besides

neurologic signs and symptoms, MS may be associated with var-

ious psychiatric manifestations such as depression, anxiety, eu-

phoria, emotional lability, mania, and psychosis.1-3 It has been

estimated that approximately 30% of patients with MS experience

psychiatric disorders during the disease course.1 Investigations of

psychiatric disturbances in MS have usually focused on depres-

sion and anxiety3 or psychosis.4 The lifetime rate of anxiety dis-

orders in the MS population was reported by the National Co-

morbidity Survey as 25%.5 More recently, Korostil and Feinstein6

found that 35.7% of their sample of 140 patients with MS had an

anxiety disorder at some time during their lifetime, attributable to

one of the following 3 disorders: generalized anxiety disorder,

OCD, and panic disorder. In particular, the lifetime prevalence of

OCD in MS was 8.6% compared with 2.5% in the general

population.6

OCD is characterized by distressing repetitive thoughts, im-

pulses, or images that are intense, frightening, absurd, or unusual.

These thoughts are followed by ritualized actions that are usually

bizarre and irrational. These ritual actions, known as compul-

sions, help reduce anxiety caused by one’s obsessive thoughts.

Often described as the “disease of doubt,” the sufferer usually

knows the obsessive thoughts and compulsions are irrational but,

on another level, fears they may be true. Therefore, OCD causes

marked distress and may heavily interfere with daily life and social

relationships.

In primary OCD (ie, not associated with other neurologic dis-

eases), neuroimaging studies have revealed structural and/or

functional abnormalities in specific brain structures, particularly
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in the fronto-striato-thalamic circuitry,7-9 which points to an or-

ganic etiology of this psychiatric disease.

We hypothesized that the widespread involvement of both

GM and WM, which characterizes MS, may be responsible for the

occurrence of OCD when specific brain structures are affected.

The aim of this study was to evaluate the relationship between GM

and WM tissue damage and OCD in patients with MS.

MATERIALS AND METHODS
Subjects
From a series of outpatients with relapsing-remitting MS diag-

nosed according to the McDonald criteria10,11 attending our Mul-

tiple Sclerosis Center, we selected 16 patients who had been diag-

nosed with OCD on the basis of the Diagnostic and Statistical

Manual of Mental Disorders (4th edition).12 Written informed

consent was obtained, after a description of the study, in line with

the principles of the Declaration of Helsinki.

Inclusion criteria were age between 18 and 50 years, mild level

of disability (ie, EDSS score below 3.5),13 and right-handedness.

Exclusion criteria were any pre-existing history of obsessive-com-

pulsive traits, tic disorder, or other OCD spectrum disorders; any

first-degree relative with OCD; other concomitant neurologic or

psychiatric diseases; cognitive impairment; a new relapse and/or

systemic corticosteroid therapy in the 30 days before study entry;

and major medical illnesses.

Fifteen patients with relapsing-remitting MS without any psy-

chiatric disorders, satisfying the same inclusion and exclusion cri-

teria and matched for age and clinical disability, were included as

a CG.

All patients were on immunomodulatory therapy and under-

went a neurologic evaluation, including administration of the

EDSS, a psychiatric assessment, a cognitive assessment, and MR

imaging.

Psychiatric Assessment
OCD diagnosis was based on the Diagnostic and Statistical Manual

of Mental Disorders. The severity of the OCD was assessed by the

means of the Y-BOCS.14 The Y-BOCS is a 10-item clinician-ad-

ministered scale developed to assess the severity of obsessions and

compulsions, regardless of the number and type of obsessions or

compulsions present. Obsessions and compulsions are rated ac-

cording to the amount of resistance to them, distress over them,

control over them, interference from them, and time spent on

them. The following total scores are considered as a severity index

for OCD symptoms: 0 –7 � subclinical; 8 –15 � mild; 16 –23 �

moderate; 24 –31 � severe; 32– 40 � extreme.

All patients underwent a psychiatric interview to rule out any

other psychiatric disorders. The Ham-D15 and Ham-A16 were

used for rating depression and anxiety, respectively.

Cognitive Assessment
A battery of neuropsychologic tests was administered to each sub-

ject by a psychologist (E.M.Q.) who had more than 7 years of

experience in neuropsychologic test design and measurement and

who was blinded to the functional MR imaging results.

The neuropsychologic test battery included the Stroop Color

Naming Test,17 Raven Progressive Matrices,18 Tower of Lon-

don,19 Rey Complex Figure (copy and recall),20 Trail-Making

Test A and B,21 Rey Auditory Verbal Learning,22 and Digit Span.23

MR Imaging Acquisition
MR images were acquired with a 1.5T magnet (Gyroscan NT 15;

Philips Medical Systems, Best, the Netherlands). All patients were

investigated during a single session with the following sequences:

1) an axial dual-echo fast spin-echo sequence on 48 contiguous

3-mm-thick sections (TR: 2150 ms, TE: 30/120 ms; echo-train

length: 12; matrix: 256 � 256; field of view: 240 mm); 2) a 3D

T1-weighted fast-field echo sequence on 150 contiguous axial

1-mm-thick sections (TR: 40 ms; TE: 4 ms; flip angle: 30°; matrix:

512 � 512; field of view: 240 mm); 3) a DTI with a single-shot

echo-planar pulse sequence on 25 contiguous 5-mm-thick sec-

tions (TR: 3694 ms, TE: 95 ms; matrix: 128 � 128; field of view:

240 mm) with diffusion gradients applied along 32 noncollinear

directions using 2 b-values (0 and 1000 seconds/mm2); and 4) an

axial T1-weighted spin-echo sequence on 48 contiguous 3-mm-

thick sections (TR: 600 ms, TE: 15 ms; matrix: 256 � 256; field of

view: 240 mm) after injection of 0.2 mmol/kg of gadolinium-

diethylene-triamine pentaacetic acid.

Image Analysis and Postprocessing
Image data processing was performed on a personal computer

running Jim 5.0 software (Xinapse System, Leicester, England),

SPM5 software (Wellcome Department of Cognitive Neurology,

London, England), the FSL 4.0 software package (FMRIB Image

Analysis Group, Oxford, England; http://www.fmrib.ox.ac.uk/

fsl), and MATLAB 7.0 software (Mathworks, Natick, Massachu-

setts). We used Jim 5.0 for LV calculation, SPM5 for VBM analy-

sis, and FSL for FA calculation and TBSS.

Lesion Volume
On conventional proton attenuation, the LV was calculated by

Jim 5.0 software. The LV yielded the following data for every

subject: a quantification of the lesion burden and a binary lesion

mask needed for further image processing (both VBM and TBSS).

Lesion masks were then transformed into standard space and av-

eraged to yield a mean lesion mask across subjects. We also calcu-

lated a regional LV in the frontal and temporal lobes of each ce-

rebral hemisphere on the basis of anatomic landmarks.24

Voxel-Based Morphometry
3D T1 images underwent automated segmentation to create GM,

WM, and CSF images. The VBM protocol, which consisted of an

iterative combination of segmentations and normalizations,

yielded a GM probability map.

Normalized GM images were modulated, that is, multiplied by

the local value derived from the deformation field, thereby pre-

serving within-voxel volumes that might have been altered during

nonlinear normalization. For all subjects, lesion masks were used

to remove lesional tissue incorrectly classified as GM from the

output of segmentation. GM, WM, and CSF volumes were re-

corded and used to calculate the intracranial volume as GM �

WM � CSF. The brain parenchymal fraction was calculated as

follows: (GM � WM)/intracranial volume.

Data were smoothed using a 12-mm full width at half maxi-
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mum Gaussian kernel. The processed images of GM in MS OCD

and MS CG were compared through voxelwise comparisons.

Based on an a priori hypothesis, we restricted VBM analysis to

voxels included in a mask, which was constructed on the auto-

mated anatomic labeling map,24 using MRIcro 1.38 software

(http://www.sph.sc.edu/comd/rorden/mricro.html), by selecting

regions found to be affected in primary OCD in previous studies;

that is, the middle and inferior frontal gyri, orbitofrontal cortex,

anterior cingulum, thalamus, basal ganglia, temporal pole, and

superior, middle, and inferior temporal gyri and insula, bilateral-

ly.25-28 To calculate regional GM volume differences between MS

OCD and MS CG, we used a 2-sample t test in SPM5, entering age,

EDSS, LV and disease duration as nuisance variables. Statistical

threshold was set at P � .05, false discovery rate corrected at the

voxel level.

TBSS and Mean FA
DTI data were first corrected for eddy currents and involuntary

motion using affine registration29; the diffusion tensor was esti-

mated by multivariate linear regression, and FA maps were calcu-

lated. FA images were analyzed using TBSS, an FSL tool.30 This

involves realigning all images to a common template, creating a

“skeleton” by computing and thinning the mean FA image, and

projecting each subject’s FA onto the skeleton. These data were

then fed into a voxelwise cross-subject statistical analysis, which,

in our study, was performed to identify differences in the FA areas

between groups of patients. TBSS was restricted to the normal-

appearing white matter by excluding from the analysis all voxels

in which at least 10% of the patient population had a lesion (based

on the mean T2 lesion mask). We performed the voxelwise anal-

ysis using an unpaired t test with a permutation-based inference

(2000 permutations) corrected for multiple comparisons, with a

significance level of P � .05. The mean FA was also calculated for

each subject.

RESULTS
There were no significant differences in demographic and clinical

variables (age, sex, EDSS, disease duration, educational level) be-

tween patients with MS who developed OCD and patients with

MS who did not (Table 1).

The mean Y-BOCS score in the OCD group was 26.13 � 6.4.

OCD severity was moderate in 6 patients, severe in 5, and extreme

in the remaining 5. No patient exhibited symptoms of anxiety or

depression. No significant differences in either Ham-D (OCD �

8.6 � 3.1; CG � 6.9 � 2.6) or in Ham-A (OCD � 11.2 � 2.8;

CG � 9.8 � 2.9) were found between groups.

The cognitive evaluation excluded the presence of cognitive

impairment in patients in both groups and any significant differ-

ence in cognitive performance between the MS OCD group and

the MS CG (Table 2).

Lesion Volume
Regional and global LVs are shown in Table 3. Although LV values

were higher in patients with MS and OCD than in patients with

MS without psychiatric disorders, there were no significant dif-

ferences in either the global or regional LVs between the 2 groups.

Moreover, the lesion distribution between the frontal and tempo-

ral lobes and between the right and the left hemispheres was com-

parable in the 2 groups.

Voxel-Based Morphometry
The global GM volume was slightly, though not significantly,

lower in the OCD group than in the control group (530.2 � 70.6

versus 578.8 � 68.5). The global GM volume was not correlated

with the Y-BOCS scores.

The VBM analysis revealed a set of clusters of reduced GM

volume in patients with OCD that was located in the right inferior

frontal gyrus (Z � 2.71; coordinates: 48, 14, �30), inferior tem-

poral gyrus (Z � 3.30, coordinates: 50, �24, �28), and middle

temporal gyrus (Z � 2.90, coordinates: 54, �4, �26) (2-sample t

test, P � .05, false discovery rate corrected at the voxel level) (Fig

1). No brain area showed greater GM volume in the MS OCD

group than in the MS CG.

Table 1: Demographic and clinical data in 16 patients with MS
with OCD and in 15 patients with MS without psychiatric
disorders (CG)

MS OCD MS CG
Age (yrs) 39.5� 8.0 36.8� 7.7
Gender (F/M) 10/6 10/5
EDSS 2.0 (1–3) 1.5 (1–2.5)
Disease duration (yrs) 5.75� 3.8 5.87� 4.1
Education (yrs) 15.6� 3.1 14.8� 2.8

Note:—All values are expressed as mean � standard deviation, except for gender
(ratio) and EDSS (median and range). No statistically significant difference in any
demographic and clinical variable was found between the 2 groups by unpaired t test
(except for gender).

Table 2: Neuropsychologic evaluation in 16 patients with MS with
OCD and in 15 patients with MS without psychiatric disorders
(CG)

Neuropsychologic Test MS OCD MS CG
Rey Auditory Verbal Learning 34.1� 7.9 35.1� 6.5
Rey Auditory Verbal Learning Recall 10.2� 2.7 9.5� 2.1
Trail-Making Test A-B 40.7� 18.5 43.8� 24.2
Raven Progressive Matrices 29.7� 3.4 29.7� 3.2
Tower of London 26.2� 6.6 29.3� 3.4
Rey Complex Figure-Copy 33.5� 2.3 33.3� 2.5
Rey Complex Figure-Recall 18.4� 3.9 18.1� 4.4
Digit Span 5.6� 0.7 5.5� 1.1
Stroop Color Naming Test 55.8� 9.6 46.7� 1.4

Note:—All values are expressed as mean � standard deviation. No statistically sig-
nificant difference in any neuropsychological test was found between groups by
unpaired t test.

Table 3: Regional and global LV values in 16 patients with MS with
OCD and in 15 patients with MS without psychiatric disorders
(CG)

MS OCD MS CG

Pmm3 % mm3 %
Left frontal 2593� 4092 27 1192� 2141 24 .25
Right frontal 2523� 3482 27 847� 1132 17 .86
Left temporal 598� 955 6 285� 385 6 .24
Right temporal 783� 1021 8 447� 532 9 .26
Global 9440� 6980 – 4880� 5756 – .21

Note:—LV values are expressed as mean � standard deviation. No statistically sig-
nificant difference in LV was found in any region between groups by unpaired t test.
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TBSS and Mean FA
There was no significant difference between the 2 patient groups

in the mean FA values (FA in OCD: 0.43 � 0.03; FA in CG: 0.45 �

0.02). Voxelwise analysis by TBSS did not reveal any area of sig-

nificant between-group difference in FA in normal-appearing

WM. The correlation between the FA and Y-BOCS scores in the

OCD group was not statistically significant.

DISCUSSION
When we compared patients with MS and OCD and those with-

out psychiatric disorders, we found a significant reduction in GM

volume in the frontotemporal cortex in patients with OCD, af-

fecting in particular the inferior frontal gyrus and the inferior and

middle temporal gyri on the right side.

As the neurobiologic mechanisms underlying psychiatric

symptoms in MS have seldom been investigated, these remain

obscure. Although neuroimaging techniques have been repeat-

edly used to investigate primary OCD,7-9,31,32 no neuroimaging

study has systematically addressed the occurrence of OCD during

the course of MS. In a single case, the development of obsessive-

compulsive symptoms after the diagnosis of MS was found to be

associated with the emergence of a right parietal white matter

multiple sclerosis plaque.33

In primary OCD, morphometric alterations have been consis-

tently found not only in the frontal lobe (dorsolateral, orbitofron-

tal, and anterior cingulate cortices) and the basal ganglia34,35 but

also in the supramarginal gyrus,36 anterior superior temporal cor-

tex,25 hippocampus, and amygdala.31

Some evidence of the role of the temporal lobe in the patho-

physiology of OCD has been yielded by studies on

OCD associated with neurologic disorders, particularly with epi-

lepsy. The fact that obsessive-compulsive symptoms may be pres-

ent in over 20% of patients with drug-resistant temporal lobe

epilepsy suggests that temporal lobe epilepsy and OCD may share

some neuroanatomic circuit dysfunctions.37,38 Obsessive-com-

pulsive symptoms may be more severe in patients with right-sided

epilepsy than in those with left-sided epilepsy.37,39 OCD may also

occur after temporal lobe resection performed as treatment for

drug-resistant epilepsy.40,41

Secondary obsessive-compulsive symptoms have also been re-

ported after encephalitis or traumatic brain injury42,43; decreased

blood flow in the temporal lobes, as well as cortical perfusion

abnormalities in the frontal lobes, have

been described in OCD, acquired as a re-

sult of various neurologic conditions.44

Apart from the focal volume decrease

in the right frontotemporal cortex de-

tected in the patients with MS and OCD,

we did not find any other abnormalities in

the global or regional FA, which is an in-

dex of white matter tract integrity, nor did

we observe more macroscopic white mat-

ter lesions in the right hemisphere. This

finding is in contrast to the results of re-

cent DTI studies in primary OCD, which

have reported abnormalities in the corpus

callosum and subcortical frontal white

matter associated with either increased32

or decreased45 structural connectivity. Differences in patient

characteristics and/or in methods of MR acquisition and data

analysis could account for this discrepancy.

CONCLUSIONS
Our study indicates that OCD associated with MS has an ana-

tomic substrate and may be related to damage in the right fron-

totemporal cortex. Further studies are warranted to shed light on

the mechanisms underlying the association between frontotem-

poral damage and the development of OCD in MS, and to inves-

tigate whether there is a cause-effect relationship between these.
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