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Background: Near-infrared spectroscopy has helped our understanding of the neurobiological
mechanisms of psychiatric disorders and has advantages including noninvasiveness, lower cost,
and ease of use compared with other imaging techniques, like functional magnetic resonance
imaging. The verbal fluency task is the most common and well established task used to assess
cognitive activation during near-infrared spectroscopy. Recent functional neuroimaging studies
have shown that the orbitofrontal cortex and other brain regions, including the dorsolateral
prefrontal cortex, may play important roles in the pathophysiology of obsessive-compulsive
disorder (OCD). This study aimed to evaluate hemodynamic responses in the dorsolateral
prefrontal cortex in patients with OCD using near-infrared spectroscopy during the verbal fluency
task and to compare these with dorsolateral prefrontal cortex responses in healthy controls.
Methods: Twenty patients with OCD and 20 controls matched for age, gender, handedness, and
estimated intelligence quotient participated in this study. The verbal fluency task was used to
elicit near-infrared spectroscopic activation and consisted of a 30-second pre-task, followed by
three repetitions of a 20-second verbal fluency task (total 60 seconds), followed by a 70-second
post-task period. The near-infrared spectroscopy experiment was conducted on the same day as
surveys of obsessive-compulsive symptoms, depression, and anxiety. Z-scores for changes in the
concentration of oxygenated hemoglobin were compared between the OCD patients and controls
in 14 channels set over the left and right dorsolateral prefrontal cortex and frontopolar areas.
Results: During the verbal fluency task, significant task-related activation was detected in both
the OCD group and the controls. Changes in oxygenated hemoglobin concentration in the right
dorsolateral prefrontal cortex were significantly smaller in the OCD group than in the controls,
but were not statistically significant after correction for multiple comparisons.

Conclusion: Patients with OCD have reduced prefrontal, especially right dorsolateral prefrontal,
cortical hemodynamic responses as measured by near-infrared spectroscopy during the verbal
fluency task. These results support the hypothesis that the dorsolateral prefrontal cortex plays
a role in the pathophysiology of OCD.

Keywords: functional neuroimaging, near-infrared spectroscopy, obsessive-compulsive disorder,
prefrontal hemodynamic response, verbal fluency task, dorsolateral prefrontal cortex

Introduction

Obsessive-compulsive disorder (OCD) is one of the most common neuropsychiatric
disorders, with a lifetime prevalence of 2%-3%.'* OCD is characterized by persistent
intrusive thoughts (obsessions), repetitive actions (compulsions), and excessive anxi-
ety. A major characteristic of obsessions and compulsions is that they are excessive
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and unreasonable, based on the definitions provided in the
Diagnostic and Statistical Manual of Mental Disorders,
4th ed. (DSM-IV).* OCD is considered to be among the 20
leading causes of disability in the USA and other countries.’
However, despite widespread recognition of its clinical char-
acteristics, the neurophysiological mechanisms underlying
OCD are not yet well understood.

Recent advances in neuroimaging techniques have now
made it possible to assess neurophysiological data aimed
at increasing our understanding of the pathophysiology of
OCD. Although findings from functional, metabolic, and
structural imaging studies have suggested dysfunction in the
orbitofrontostriatal circuit, recent studies have implicated
additional brain regions, including the dorsolateral prefrontal
cortex.® Abnormality in the dorsolateral prefrontal cortex,
with respect to functional connectivity with the striatum, has
also been associated with OCD.’

Near-infrared spectroscopy (NIRS) is a neuroimaging
technique well suited to measuring brain function in patients
with mental illnesses. The advantages of NIRS include no
requirement for large devices, improved safety (not requiring
radioactive material or strong magnetism), and lower cost (run-
ning costs almost zero) compared with other techniques used
for functional imaging of brain activity (eg, positron emission
tomography, single photon emission computed tomography,
and functional magnetic resonance imaging). Further, NIRS
has approximately 10-fold higher temporal resolution but
lower spatial resolution, and can be measured repeatedly
over a prolonged period in a normal posture and state, unlike
functional magnetic resonance imaging. Therefore, NIRS has
been used to examine brain function in many psychiatric dis-
orders, including schizophrenia, bipolar disorder, depression,
dementia, post-traumatic stress disorder, pervasive develop-
mental disorders, and attention deficit hyperactivity disorder.
Ota et al® and Okada et al’ recently used NIRS to examine OCD

as measured during the Stroop color-word task and reported
a reduced prefrontal hemodynamic response.

The verbal fluency task is the most common and well
established method of assessing cognitive activation during
NIRS measurement.'® Use of the verbal fluency task allows
comparisons between the results of the current study and
other studies investigating psychiatric disorders. Therefore,
the aim of this study was to evaluate hemodynamic responses
in the prefrontal cortex in patients with OCD by using NIRS
during the verbal fluency task and to compare these responses
between patients with OCD and healthy controls.

Materials and methods

Subjects
Twenty patients with OCD and 20 healthy controls matched
for age, gender, handedness, and estimated intelligence
quotient participated in this study (Table 1). The patients
were recruited from the Kyoto Prefectural University of
Medicine Hospital, Kyoto, Japan. The medical committee
on human studies at the Kyoto Prefectural University of
Medicine approved all of the procedures. All participants
provided written and informed consent after receiving a
complete description of the study. All participants were
native Japanese speakers and were right-handed. All patients
were primarily diagnosed using the Structured Clinical
Interview for DSM-IV (SCID) Axis I disorders'' by trained
and experienced psychiatrists or clinical psychologists. All
controls were screened using the SCID Nonpatient Edition
(SCID-NP).'? At the time of entry into the study, seven of the
20 patients with OCD had not been taking any psychotropic
medication and the other 13 were taking a variety of psycho-
tropic medications, including antidepressants, anxiolytics,
and/or antipsychotics, but not mood stabilizers.

The exclusion criteria for patients and controls included:
significant disease of the neurologic, pulmonary, cardiac,

Table | Clinical characteristics of patients with obsessive-compulsive disorder and healthy controls

Patients with OCD (n = 20) Healthy controls (n = 20) Statistics P value
Mean + SD Mean £ SD
Gender, M/F 9l 8/12 x>=0.10 0.75
Age, years 38.1 £10.9 37.1 £ 84 t=-0.34 0.73
Total Y-BOCS score 19.6 +8.2 NA NA NA
MOCI 155+5.8 43+£35 t=-7.39 <0.001
HDRS score 20+24 NA NA NA
HARS score 26+27 NA NA NA
Duration of illness, months 1042+ 91.0 NA NA NA
1Q 105.1 £ 10.3 103.8 8.2 t=-0.45 0.66

Abbreviations: F, female; M, male; Y-BOCS, Yale-Brown Obsessive-Compulsive Scale; MOCI, Maudsley Obsessive-Compulsive Inventory; HARS, Hamilton Anxiety Rating
Scale; HDRS, Hamilton Depression Rating Scale; NA, not applicable; 1Q, intelligence quotient; OCD, obsessive-compulsive disorder; SD, standard deviation.
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renal, hepatic, or endocrine system, or a metabolic disor-
der; prior psychosurgery or traumatic brain injury with any
known cognitive consequences, loss of consciousness, or a
history of electroconvulsive therapy; current or past DSM-IV
Axis I diagnosis of any psychiatric illness other than OCD;
DSM-IV diagnosis of mental retardation or pervasive
developmental disorder based on clinical interview and
psychosocial history; and pregnancy. There was no history
of any psychiatric illness in the controls, as determined by
the SCID-NP. In addition, none of the first-degree relatives of
healthy controls had any history of psychiatric treatment.

Classification of handedness was based on a modified
25-item version of the Edinburgh Inventory.”® On the same
day as the NIRS experiment, all of patients were surveyed for
symptoms of OCD using the Japanese version of the Yale-
Brown Obsessive-Compulsive Scale (Y-BOCS) symptom
checklist,'*!¢ the Maudsley Obsessive-Compulsive Inventory
(MOCI)," the 17-item Hamilton Depression Rating Scale,'®
and the Hamilton Anxiety Rating Scale."

Verbal fluency task for NIRS activation
The verbal fluency task was administered according to the
procedure outlined in a previous report.'® The procedure

consists of a 30-second pre-task baseline, a 60-second verbal
fluency task (letter version), and a 70-second post-task
baseline. During the pre-task and post-task baseline periods,

(TP INT3ST)

the subjects were instructed to repeat the vowels (“a”, “i”,

“u”, “e”, and “0”) as the Japanese counterparts of A, B, and
C in English.?’ During the verbal fluency task period, sub-
jects were instructed verbally to generate vocally as many
words beginning with the Japanese syllable mentioned later

99 CC90

as possible. The syllables (first “to”, “a”, or “na”; second

“i”, “ki”, or “se”; third “ta”, “o0”, or “ha”) were used in this
order, which could be counterbalanced across subjects and
changed every 20 seconds during the task period, without

repetition or resorting to proper words.

NIRS measurements

Changes in oxygenated, deoxygenated, and total hemoglo-
bin were measured using a multichannel NIRS machine
(FOIRE-3000 functional NIRS system, Shimadzu, Kyoto,
Japan) at three wavelengths of near-infrared light (780,
805, and 830 nm). This apparatus measured the relative
concentrations of oxygenated and deoxygenated hemoglobin
at 42 measurement points in a 9 X 15 cm area (Figure 1).
The distance between probes was 3 cm and channels were
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Figure | Grand-average waveforms of changes in oxygenated hemoglobin concentration in controls (red line) and the group with obsessive-compulsive disorder (blue line).
The areas enclosed with red frames show the regions of interest. The x-axis shows time course (s) and the y-axis shows the change in oxygenated hemoglobin concentration
(mM - cm). Grand-average waveforms of changes in oxygenated hemoglobin concentration in healthy controls increased during the task period, but did not increase markedly

in the obsessive-compulsive disorder group.
Abbreviation: CH, channel.
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defined for each domain measured between the source
and detector probes.'” To avoid cross-talk noise, the probe
emits light continuously. Absorption of near-infrared light
was measured with a sampling time of 0.22 seconds. Each
participant sat in a comfortable chair with their eyes open
throughout the measurements. The subjects were instructed
to minimize movement, such as head movements, strong
biting, and eye blinking, during the NIRS measurements,
because these movements can produce artifacts or changes in
cerebral perfusion unrelated to the task. The NIRS shell was
placed on the frontal region of the head with the lowest probes
positioned along the Fp1-2 line according to the international
10-20 system used in electroencephalography.?!

Statistical analyses

First, changes in the oxygenated hemoglobin concentration
in each of the 14 channels were analyzed. Channel groupings
corresponded to approximate positions on the left (channels
16, 17,25, 33, and 34) and right (channels 9, 10, 18, 26, and
27) dorsolateral prefrontal cortex and the prefrontal area near
the frontopolar area (channels 13, 21, 22, and 30), based on
an anatomic craniocerebral correlation study (Figure 2A).”!
Changes in oxygenated hemoglobin have been postulated as
the best indicator of blood oxygenation.??? Therefore, this

study focused on the change in oxygenated hemoglobin con-
centration. NIRS data that clearly contained a motion artifact,
which is determined by the minute observation about the
theme was excluded from the statistical analyses. In addition,
a low-pass filter equipped with a 0.1 Hz high cutoff was used
to exclude any short-term motion artifacts from the data used
for analysis. The mean oxygenated hemoglobin concentration
during the 60-second verbal fluency task was calculated and
the pre-task baseline was calculated using the mean of the last
10 seconds of the 30-second pre-task period.'® The change
in oxygenated hemoglobin concentration during the verbal
fluency task was calculated by subtracting the oxygenated
hemoglobin concentration during the task period from the
pre-task baseline oxygenated hemoglobin concentration.
A z-score was calculated as follows: d = (m1 —m2)/s, where
ml and m2 represent the mean concentration values during
the baseline and trial, respectively, and s represents the stan-
dard deviation of the baseline. In order to increase the signal-
to-noise ratio, z-scores were calculated from 14 channels
within each measurement domain. We then compared each
of the two groups using Student’s #-test, and the significance
level in the analysis was set to P = 0.05. Since we performed
14 paired t-tests, the correction for multiple comparisons
was made using the false discovery rate (two-tailed; we set

Figure 2 Localization matrices mapped over a standard brain template. Areas shown in yellow represent matrix of guidance channels. (A) Matrix of guidance in which areas
shown in orange represent regions of interest. (B) Patients with obsessive-compulsive disorder had significantly smaller changes in oxygenated hemoglobin concentration

than controls at channel |18 (orange), localized near the right lateral prefrontal region.
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the value of q specifying the maximum false discovery rate
to 0.05, so that there are no more than 5% false positives
on average). All statistical analyses were performed using
Statistical Package for the Social Sciences version 17.0 J for
Windows software (IBM, Armonk, NY, USA).

Results
Demographic data

Demographic and clinical data are shown in Tables 1 and 2.
Age, gender, and estimated intelligence quotient did not differ
significantly between patients with OCD and controls (age,
t=-0.34,df=38, P=0.73; gender, x2=0.1,df=1, P=0.75;
intelligence quotient, # =—0.45, df =38, P = 0.66).

For the patients with OCD, the mean Y-BOCS score was
19.6 + 8.2 and the mean MOCI score was 15.5 £ 5.8, while

the mean MOCI score for control subjects was 4.3 £ 3.5.
There were significant differences in the mean MOCI score
(t=-7.39, df =38, P < 0.001) and verbal fluency scores
(t=3.892, df =38, P < 0.001) between the two groups.

Correlation between verbal fluency

performance and subject characteristics
There were no significant correlations between verbal fluency
scores and age, intelligence quotient, or Y-BOCS scores in
the patients with OCD.

NIRS data from subjects performing

the verbal fluency task
The grand-average waveforms of the change in oxygenated
hemoglobin in the control group increased during the task

Table 2 Clinical characteristics of patients with obsessive-compulsive disorder

Case Gender Age, Total MOCI HDRS HARS DUl IQ VF  Equivalent dose, mg/day Consultation
years Y-BOCS score score (imipramine, diazepam,
score chlorpromazine)
| F 40 31 21 3 | 144 1203 15 0 |
2 M 52 18 18 | | 96 97.1 I Sertraline 100 (150) |
3 F 52 18 10 | | 144 129 16 Fluvoxamine 100 (100) D
4 M 41 28 24 2 3 96 100 14 0 D
5 F 46 32 19 9 I 156 94.2 12 0 |
6 M 51 9 6 | | 68 1174 13 Paroxetine 40 (150), |
Amoxapine 50 (50),
Etizolam 0.5 (1.67),
Zopiclone 10 (6.7)
7 M 23 9 14 3 4 18 97.1 8 0 D
8 F 38 18 15 3 5 144 1058 9 0 D
9 F 57 33 24 4 324 e 8 Clomipramine 150 (187.5) |
Etizolam 2 (6.7)
Risperidone | (100)
10 F 27 24 20 | 72 1029 9 Fluvoxamine 100 (100) D
I F 44 31 18 3 3 132 88.4 I Paroxetine 50 (187.5) |
Olanzapine 2.5 (100)
Etizolam 1.5 (5)
Clonazepam 1.5 (30)
12 F 47 12 12 | 3 36 1087 14 0 D
13 F 42 17 13 0 312 I11.6 18  Paroxetine 30 (112.5) D
14 F 27 20 20 0 0 106 1145 12 Paroxetine 20 (75) |
Brotizolam 0.25 (5)
15 M 19 15 18 0 0 48 91.3 I Clomipramine 150 (187.5) |
Alprazolam 0.8 (5)
Imipramine 10 (10)
16 M 34 18 18 5 6 12 108 10 Paroxetine 30 (112.5) D
17 M 29 14 10 0 | 3 97.1 12 Paroxetine 30 (112.5) |
18 M 33 4 2 0 0 156 1087 11 Clomipramine 75 (93.75) |
Olanzapine 2.5 (100)
Clonazepam 0.5 (10)
19 M 34 22 17 | 4 4 1029 19  Paroxetine 50 (187.5) |
Etizolam 0.5 (1.67)
20 F 26 18 10 0 3 12 100 8 0 |

Abbreviations: F, female; M, male; Y-BOCS, Yale-Brown Obsessive-Compulsive Scale; MOCI, Maudsley Obsessive-Compulsive Inventory; HARS, Hamilton Anxiety Rating
Scale; HDRS, Hamilton Depression Rating Scale; DUI, duration of illness; 1Q, intelligence quotient; VF, verbal fluency scores; D, directly consulted; I, introduced.
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period (Figure 1). In contrast, those in the OCD group did
not change markedly (Figure 1). In the OCD group, the mean
z-score during the task period, compared with the pre-task
baseline (11.245), was significantly smaller than that of the
control group (3.173) at channel 18 (z = 2.285, P = 0.028,
Figures 2B and 3), and was not significant after correction
for multiple comparisons. The mean z-score in each channel
was not significantly correlated with clinical characteristics,
ie, gender (P = 0.485), age (P = 0.324), intelligence quo-
tient (P = 0.57), MOCI score (P = 0.329), verbal fluency
scores (P = 0.647), Y-BOCS scores (P = 0.82), duration
of illness (P = 0.296), and HDRS score (P = 0.147). There
were no significant differences in mean z-score between
medication-free and medication groups (¢ = 1.562, df = 18,
P =0.136), and the mean z-score was not significantly cor-
related with antidepressant dose (P = 0.184). In addition,
there were no significant correlations between prefrontal
hemodynamic responses and verbal fluency scores.

Discussion

In the present study, changes in oxygenated hemoglobin con-
centration during the verbal fluency task were significantly
smaller in patients with OCD than those in healthy controls.
These results support the hypothesis that prefrontal dysfunc-
tion is associated with adult OCD and suggest the ability
of the verbal fluency task during NIRS measurement to
detect the abnormality.

Right DLPFC

O <Q
N s
Right DLPFC (CH 18)

Figure 3 Mean z-score during the verbal fluency task in the right dorsolateral
prefrontal cortex (channel 18). The vertical bars represent the standard error.
The oxygenated hemoglobin concentration in patients with obsessive-compulsive
disorder at the right dorsolateral prefrontal cortex was significantly smaller than
that in controls (P < 0.05).

Abbreviations: DLPFC, dorsolateral prefrontal cortex; HC, healthy controls;
OCD, obsessive-compulsive disorder; CH, Channel.

Abnormalities in the dorsolateral prefrontal cortex have
been reported in studies using other imaging modalities.
In functional magnetic resonance imaging studies,
Nakao et al*** showed that patients with OCD had weaker
activation than controls in the dorsolateral prefrontal cortex,
anterior cingulate cortex, and caudate nucleus. In a positron
emission tomography study, Martinot et al*® showed that
absolute regional cerebral glucose metabolic rates in the
lateral prefrontal cortex were significantly lower in patients
with OCD than in control subjects. The current results are
consistent with these previous reports.

In an NIRS study, Ota et al® and Okada et al’ showed
that prefrontal hemodynamic responses were lower in both
adult and pediatric patients with OCD using the Stroop
color-word task, but that the areas with a reduced prefron-
tal hemodynamic response were different between these
two populations. Ota et al® reported a smaller response in
the frontopolar region in the pediatric OCD group, while
Okada et al’ reported a smaller response in the left lateral
prefrontal region in adult patients with OCD. In the present
study, adult patients with OCD had significantly smaller
changes in oxygenated hemoglobin concentrations than
controls at channel 18, localized near the right lateral pre-
frontal region. The difference between this result and that
of Okada et al’ may be explained by the difference in the
activation task and by differences in the study populations.
With respect to laterality, previous neuroimaging studies
have reported abnormalities in both hemispheres.?”* Further
study is needed to resolve these differences.

Although many findings have been accumulated about
cognitive function including verbal memory, learning,
and retrieval in OCD, the results are inconsistent in many
cases.*** The reason for this inconsistency may be that exist-
ing neuropsychological examination reflects multiple aspects
of cognitive function. In our study, there was a significant
difference in the mean verbal fluency score between patients
with OCD and controls. This result supports not only the
previous results for impairment in verbal fluency,* but also
a possibility of this originating in impairment of response
inhibition and/or attentional set-shifting.

Many previous studies have suggested that frontal lobe
activity during the verbal fluency task, as measured by NIRS, is
decreased in many psychiatric disorders.!***3-3* Specifically,
reduced responses during the verbal fluency task have been
reported repeatedly in the frontal pole in patients with
schizophrenia.'®3"33* In some cases, the clinical distinction
between schizophrenia and OCD is difficult.’*3¢ Therefore,
the difference in localization of the response may be useful
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in the differential diagnosis of these disorders. Further direct
comparisons between schizophrenia and OCD are needed to
explore the diagnostic potential of NIRS localization.

The results of this study must be viewed in light of some
limitations. First, the difference in the right dorsolateral
prefrontal cortex between the patients and controls was
not significant after correction for multiple comparisons.
This may be due to the relatively small sample size. Future
studies should include a larger sample to confirm the
reduced response in the dorsolateral prefrontal cortex, even
after correction for multiple comparisons. Second, in this
study, 13 subjects were taking psychotropic medications.
Given that antidepressants have been reported to affect
hemodynamic responses,®’” a medication effect cannot be
excluded.

Conclusion

Prefrontal hemodynamic responses were examined in
adults with OCD using the verbal fluency task. Our results
show that patients with OCD had significantly smaller
changes in oxygenated hemoglobin concentration in the
prefrontal cortex, especially in the right dorsolateral
prefrontal regions. These results support the notion that
the dorsolateral prefrontal cortex plays a role in the
pathophysiology of OCD.
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