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Functional neuroimaging studies by near-infrared spectroscopy (NIRS) have focused on the role of the prefrontal
cortex (PFC) in the pathophysiology of obsessive-compulsive disorder (OCD). However, the reported areas in the
PFC were inconsistent in OCD, and correlations between hemodynamic response and clinical symptoms have not
been investigated. This study aimed to evaluate the hemodynamic response related to the verbal fluency task
(VFT) and assess the relationship between activation and clinical status in OCD patients using a 52-channel NIRS
with a wide coverage over the prefrontal and temporal cortices. Seventy patients with OCD and 70 age-, gender-
and education level-matched healthy control subjects were examined by NIRS. The relative concentration
changes of oxygenated hemoglobin ([oxy-Hb]) were measured. The Yale-Brown obsessive-compulsive scale (Y-
BOCS) was used to evaluate the severity of OCD symptoms. Compared to healthy controls group, OCD patients
showed smaller [oxy-Hb] changes in most areas of the prefrontal and temporal cortex, including the bilateral
orbitofrontal cortex (OFC), right dorsolateral prefrontal cortex (DLPFC), bilateral inferior prefrontal cortex
(IPFC), bilateral frontopolar cortex (FPC), left superior temporal gyrus (STG), and bilateral middle temporal
gyrus (MTG). Furthermore, the [oxy-Hb] changes in the right FPC were negatively correlated with the Y-BOCS
obsessions score and Y-BOCS total score, and the [oxy-Hb] changes in the left OFC were negatively correlated
with the Y-BOCS compulsions score. These results suggest that patients with OCD have reduced prefrontal-
temporal cortex hemodynamic responses, and that the abnormalities of brain activation were associated with the
severity of OCD symptoms.

1. Introduction

Obsessive-compulsive disorder (OCD) is one of the most common
psychiatric disorders and is characterized by persistent unwanted
thoughts (obsessions) and repetitive ritualistic behaviors (compul-
sions). The symptoms occupy much of the patient's time and energy and
lead to impairment of social function. OCD is debilitating and difficult
to treat, with a lifetime prevalence rate of 2%-3% in the general po-
pulation (Weissman et al., 1994; Ruscio et al., 2010). Despite the high
incidence and large burden of the OCD, the neurophysiological me-
chanisms are not yet clear.

Near-infrared spectroscopy (NIRS) is a noninvasive optical imaging
method, which can obtain quantitative concentration changes of oxy-
genated hemoglobin ([oxy-Hb]), deoxygenated hemoglobin ([deoxy-
Hb]), and total hemoglobin ([total-Hb]) associated with brain func-
tional activity (Villringer and Chance, 1997). Compared with MRI and
PET, NIRS gets a high time resolution, making it conceivable to show
the activation of the brain in real time (Ferrari and Quaresima, 2012).
Compared with EEG, NIRS is better at localizing the neural signals. In
addition, with its relatively low maintenance costs, portability, high
ecological validity, and lower sensitivity to motion artifacts, NIRS is
particularly suitable for the assessment of the brain function in
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psychiatric patients (Koizumi et al., 1999). NIRS has been applied in
patients with depression, schizophrenia, bipolar disorder, dementia,
and attention deficit hyperactivity disorder (Suto et al., 2004; Arai
et al., 2006; Quan et al., 2015; Gu et al.,, 2017; Zhu et al., 2018).
However, studies focused on the patients with OCD by NIRS are rela-
tively few.

Functional neuroimaging studies by NIRS showed dysfunction in the
prefrontal cortex (PFC) during executive tasks in OCD. Okada et al.
(2013) used 24-channel NIRS to examine neurobiological function in 12
adult patients with OCD during the Stroop color-word task and revealed
that [oxy-Hb] change of the left lateral prefrontal cortex in OCD pa-
tients was markedly smaller than that in healthy control subjects. They
also found that pediatric OCD patients (n = 12) had smaller [oxy-Hb]
change in the frontopolar cortex (FPC) (Ota et al., 2013). The reduced
[oxy-Hb] changes in the right dorsolateral prefrontal cortex (DLPFC)
were reported during a verbal fluency task (VFT) in 20 OCD patients by
using 42-channel NIRS (Hirosawa et al., 2013). Despite all the above
studies in OCD by NIRS reporting a reduced hemodynamic response in
the PFC, the areas in the PFC were different. The differences between
these results may be explained by the different coverages of the PFC,
the study populations, the difference of cognitive tasks and the rela-
tively small sample sizes. Prefrontal cortical surface areas were segre-
gated in orbital, dorsolateral, ventrolateral, and frontopolar regions
(Yoon et al., 2007; Eickhoff et al., 2016). However, it remains unknown
whether all the sub-regions of the PFC are associated with the patho-
physiology of OCD. It is therefore urgent to investigate the brain acti-
vation changes in a large enough coverage of significant sub-regions of
the PFC in a large sample of OCD patients by NIRS. In addition, cor-
relations between concentration changes of [oxy-Hb] and symptom
severity of OCD have not been investigated.

The VFT is a classical method for assessing cognitive activation
during NIRS. Dan et al. (2013) investigated the neural correlates of VFT
in healthy Japanese patients using NIRS and found the VFT activated
the bilateral frontal-temporal regions. Meta-analysis reported that pa-
tients with OCD were significantly impaired in the performance of VFT,
which is related to executive control processes (Shin et al., 2014).
Previous studies have focused on the role of the PFC in the pathophy-
siology of OCD, and the studies on OCD as measured by NIRS did not
evaluate other brain regions, such as the temporal cortex. Based on
previous research applying other neuroimaging techniques in OCD
(Fouche et al., 2017; Koh et al., 2018), we hypothesized that OCD pa-
tients also have reduced hemodynamic response in the temporal cortex
as measured by NIRS.

Therefore, in the present study, we used a 52-channel NIRS system
to investigate the characteristics of brain activation in a wide coverage
of the prefrontal cortex and temporal cortex during performance of VFT
in a larger group of patients with OCD and explored the relationships
between activation in the prefrontal-temporal cortex and clinical
symptoms. We hypothesized that the patients with OCD have smaller
brain activation changes in the prefrontal and temporal cortices and
that these alterations would be associated with clinical symptoms.

2. Materials and methods
2.1. Participants

The research was approved by the Research Ethics Committee of
Peking University Sixth Hospital (Beijing, China). All subjects signed an
informed consent after supplying comprehensive information about the
research.

Eighty-six OCD patients were recruited from the outpatient units of
Peking University Six Hospital. Enrollment criteria for the OCD patients
included (a) a diagnosis of OCD based on the Diagnostic and Statistical
Manual of Mental Disorders Fourth edition (DSM-IV) criteria (First et al.,
1997), confirmation of the diagnosis of OCD for each patient by two
experienced psychiatrists; (b) an age between 16 and 55; (c) right-
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handedness; (d) years of education =6 years; and (e) a score on the
Yale-Brown obsessive-compulsive scale (Y-BOCS) =8. Patients who
presented with other psychiatric disorders, neurological disorders, a
head injury, a serious medical condition, or a history of electro-
convulsive therapy within six months were excluded. Y-BOCS was used
to evaluate the severity of current symptoms in patients with OCD. The
Y-BOCS has 10 items, with items 1 to 5 being used to evaluate for
obsessions and items 6 to 10 being used to evaluate for compulsions.
The total score of Y-BOCS is 40 points, including 0-7 for subclinical,
8-15 for mild, 16-23 for moderate, 24-31 for severe, and 32-40 for
extreme (Goodman et al., 1989). In the study, all patients of OCD suf-
fered from at least mild symptoms. Yale-Brown obsessive-compulsive
scale symptom checklist (YBOCS-SC; Goodman et al., 1989) was used to
assess symptom dimensions. After data quality control, 16 patients of
OCD were excluded because of handedness, comorbidity, motion arti-
fact, or incomplete collection.

Seventy healthy control subjects were recruited through the local
community. Enrollment criteria for healthy control subjects included
(a) an age between 16 and 55; (b) right-handedness; and (c) years of
education =6 years. All healthy controls had no history of major
neurological or psychiatric disorders. The final sample comprised 70
patients and 70 healthy controls.

2.2. Task description

In the research, we used the Chinese version of VFT. A more detailed
description of the experimental task was available elsewhere (Quan
et al., 2015). In brief, the procedure consists of 3 periods, including a
30-s baseline, a 60-s task, and a 50-s rest after task. During the 60-s task
period, three Chinese characters as ‘H’(which indicates white),
‘X’(which indicates sky), and ‘K’(which indicates big) were provided
in order, and each character lasted 20s. Participants were instructed
verbally to make as many phrases as possible, beginning with each
provided character during the task period. The total number of correct
phrases of the three groups was recorded as the evaluation of cognitive
function during VFT.

2.3. NIRS measurements

A 52-channel NIRS optical topography system (ETG-4000, Hitachi
Medical Co., Tokyo, Japan) was used for data acquisition. The system
generated two wavelengths (695 and 830 nm) of near-infrared light and
measured the relative concentration of changes in [oxy-Hb], [deoxy-
Hb], and [total-Hb] based on the modified Beer-Lambert law (Maki
et al., 1995). The instrument consisted of 17 light emitters and 16 light
detectors, which were arranged in a 3 X 11 array with an interprobe
distance of 3.0 cm (see Fig. 1). The lowest probes were positioned along
the Fpl-Fp2 line according to the international 10-20 systems of elec-
troencephalogram electrode placement. The measurement area covered
the bilateral dorsolateral PFC [Brodmann's area (BA) 9, 46], ven-
trolateral PFC (BA 44, 45, 47), orbitofrontal cortex (BA11), frontopolar
cortex (BA10), superior temporal gyrus (BA22), middle temporal gyrus
(BA21), and temporopolar area (BA38). The time resolution of ab-
sorption of NIRS was set at 0.1s.

2.4. NIRS data processing

The NIRS data analysis was performed using MATLAB 2013b
(Mathworks, Sherborn, MA) and NIRS-SPM (http://bisp.kaist.ac.kr/
NIRS-SPM). The raw data were converted by calculating the con-
centration changes of [oxy-Hb], [deoxy-Hb], and [total-Hb] from op-
tical density changes, according to the modified Beer-Lambert law
(Maki et al., 1995). Then, the data were corrected for global drift by
detrending using the discrete cosine transform algorithm. The pre-
coloring method was used for temporal correlation estimation, and HRF
was chosen for the low pass filter (Ye et al., 2009). The general linear
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Fig. 1. Channel layout of 52-channel NIRS cap. Left: the position of the probe array (red band) based on the international 10-20 system. Right: 2-D topographic map.
(For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

model was used for the NIRS data. The concentration changes of [oxy-
Hb], [deoxy-Hb], and [total-Hb] were calculated for each channel in
each individual subject. The f-values were estimated using a least-
square fitting procedure maximizing model-to-data fitting (Bullmore
et al,, 1996), which represented the response amplitudes of brain
during the task.

Grand averages of waveforms were performed separately in each
channel for each group, which make it possible to monitor cerebral
blood volumes in real time. The last 10s of the pre-task period was
chosen for the time-range of the pre-task baseline (Takizawa et al.,
2008). Baseline corrections and filtered data were used before data
export. Discrete cosine transform algorithm was used for the filtered.
Then we calculated the grand average of waveforms in each group for
every channel, respectively, for type of [oxy-Hb], according to the in-
dividual subjects’ waveforms.

2.5. Statistical analyses

The statistical analyses were performed using the Statistical Package
for Social Sciences (SPSS) version 22 (IBM Corporation, New York,
USA), G*Power version 3.1.9.2 (Franz, Universitat Kiel, Germany) and
MATLAB 2013b. Changes in [oxy-Hb] have been shown to be the most
sensitive indicator of regional cerebral blood flow (Strangman et al.,
2002), so our study focused on concentration changes of [oxy-Hb].
First, to find the areas of brain activation during VFT in each group,
one-sample t-tests against zero were used in the OCD group and healthy
controls group, respectively (Dan et al., 2013), and the results were
shown in Fig. 2a and Fig. 2b. Second, independent sample t-tests were
used to find the differences in brain activation between patients and the
healthy controls group during the task period, and effect sizes were
calculated, and the results were shown in Table 2 and Fig. 2c. The
statistical results were corrected for multiple comparisons with a false
discovery rate (FDR) method atp < 0.05(Singh and Dan, 2006). Third,
the grand average waveforms of [oxy-Hb] concentration changes
during VFT were calculated in both groups in Fig. 3.

For the OCD group, the correlations between the concentration
changes of [oxy-Hb] (B-values) and Y-BOCS scores and the performance
of VFT were assessed using Pearson's correlation coefficients in each
channel. Statistical significance was.

considered at p < 0.05.

3. Results
3.1. Demographic data and clinical characteristics

Demographic and clinical data were shown in Table 1. There were
no significant differences in age, gender, and education level between
the two groups. The mean Y-BOCS score of OCD patients was
(22.2 *+ 6.6), which suggested that the patients presented moderate or
severe OCD symptoms. Doubt/checking was the most frequent
symptom dimension in the study. Thirty-four patients with OCD were
unmedicated, and 36 patients with OCD received antidepressants, as
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follows: 15 patients received sertraline, 12 patients received fluvox-
amine, 5 patients received paroxetine, 2 patients received escitalopram,
2 patients received fluoxetine, 2 patients received clomipramine, and 2
patients received venlafaxine. Four of them had two drugs combined. In
addition, the score of VFT did not differ significantly between the two
groups.

3.2. NIRS data analysis

3.2.1. Brain activation in each group

To assess the effect of brain activation on [oxy-Hb] during VFT, we
used one-sample t-tests for each channel in the two groups, respec-
tively. In the healthy controls group, a significant increase of [oxy-Hb]
concentration changes during VFT were observed at 52 channels
(Ch.1-52) (Fig. 2a). In the OCD group, there were 16 channels with
significant increases of [oxy-Hb](Ch.16-17, 24-29, 33-36, 38-39,
45-46) (Fig. 2b). The FDR was adopted for multiple 52-channel testing
correction. Obviously, OCD patients exhibited smaller brain activated
areas than the healthy controls group.

3.2.2. Group comparison

Compared to the healthy controls group, the OCD group has much
lower cortical activation in most channels. A significantly lower in-
crease of [oxy-Hb] was found at 16 channels in the OCD group (Ch.
13-14, 18, 27-29, 35, 38-40, 42, 44-46, 50-51). Fig. 2c illustrates the
results of group comparison, and black cycles were used to mark the
channels which reached statistical significance. The 16 channels re-
presented the brain area as follows: bilateral orbitofrontal cortex (OFC)
(BA11, Ch. 27, 28, 35, 38, 39, 46, 50), right dorsolateral prefrontal
cortex (DLPFC)(BA 46, Ch. 13), bilateral inferior prefrontal cortex
(IPFC)(BA47, Ch. 28, 40, 45), bilateral frontopolar cortex (FPC) (BA10,
Ch. 14, 18), bilateral middle temporal gyrus (MTG)(BA 21, Ch. 44, 51),
and left superior temporal gyrus (STG)(BA22, Ch. 42) (Wang et al.,
2017). Probabilistic locations of the significant channels in group-level
analysis were demonstrated. More details were shown in Table 2.

3.2.3. Time course of [oxy-Hb] change

The grand average waveforms of [oxy-Hb] concentration changes
during the VFT at all 52 channels between two groups were presented
in Fig. 3. The grand average waveforms of [oxy-Hb] concentration
changes in the healthy controls group increased during the task period,
while those of the OCD group did not markedly change. In addition, we
found the grand average waveforms of OCD group seems serrated and
the healthy control group smooth in most channels.

3.3. Correlational analysis

In OCD group, we preformed the correlation analysis between the
concentration change of [oxy-Hb] and the scores of Y-BOCS obsessions,
Y-BOCS compulsions, Y-BOCS total, and VFT. There were negative
correlations for the Y-BOCS obsessions scores with the concentration
changes of [oxy-Hb] at channel 15(r = —0.372, p = 0.003), for Y-
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Fig. 2. Brain activation as measured by concentra-
tion changes of [oxy-Hb] in the healthy controls
group and OCD group during VFT. a: Brain activation
during VFT in healthy controls group; b: Brain acti-
vation during VFT in OCD group; c: The group com-
parison for brain activation between the OCD pa-
tients and healthy controls. Color bar represent t
values. Black cycles were used to represent the
channels reaching the statistical significance.
p < 0.05, FDR correction. HC, healthy controls;
OCD, obsessive-compulsive disorder; R, right; L, left.
(For interpretation of the references to color in this
figure legend, the reader is referred to the Web ver-
sion of this article.)
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Fig. 3. Grand average waveforms showing changes in [oxy-Hb] concentration during VFT in the healthy controls group (red line) and the OCD group (blue line) for
each of the 52 channels. The x axis shows the time course(s) and the y axis shows the change in [oxy-Hb] concentration (mM.cm). The first 10s was set as the pre-task
baseline, the 10s-70s was set as task period, and the last 50s was set as the post-task period. The vertical lines indicate the start and end of VFT. HC, healthy controls;
OCD, obsessive-compulsive disorder. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Table 1
Demographic and clinical characteristics of patients with OCD and healthy controls.
Demographic and clinical variables Patients with OCD (n = 70) Healthy controls (n = 70) Statistic® p Value
Age, year: mean (S.D.) 27.6 (9.7) 29.9 (7.9) 1.535 0.127
Gender, male/female, no. 44/26 47/23 0.283 0.595
Education level, year: mean (S.D.) 14.3 (2.3) 14.8 (2.8) 1.153 0.251
VFT performance: mean (S.D.) 10.5 (3.9) 11.8 (4.0) 1.657 0.100
Duration of illness, month: mean (S.D.) 59.6 (69.2)
Y-BOCS: mean (S.D.)
Obsessions 11.6 (3.9)
Compulsions 10.7 (3.8)
Total score 22.2 (6.6)
Obsessive-compulsive symptoms: n (%)
Contamination/cleaning 52 (74.3)
Doubt/checking 60 (85.7)
Symmetry/ordering 36 (51.4)
Unacceptable/taboo thoughts 57 (81.4)
Hoarding 22 (31.4)

OCD, obsessive-compulsive disorder; Y-BOCS, Yale-Brown obsessive-compulsive scale.
@ Independent samples t-test for continuous variables, 2 test for categorical variables.

BOCS compulsions scores with channel 37(r = —0.340, p = 0.006) and
channel 48(r = —0.346, p = 0.005), for the Y-BOCS total scores with
channel 15(r = —0.332, p = 0.008). The channel 15 represented the
brain area of the right FPC (BA 10, MNI coordinates [32 68 0]), and
channel 37 and channel 48 both represented the left OFC (BA11, MNI
coordinates [9 68-20] and [1 62-24]). There was positive correlation
between the VFT scores and the concentration changes of [oxy-Hb] at
channel 42(r = 0.326, p = 0.019). The channel 42 represented the
brain area of the superior temporal gyrus (BA22, MNI coordinates [-69
-34 171).

4. Discussion

In the present study, we found that the [oxy-Hb] changes during
VFT were significantly smaller at the prefrontal and temporal cortices
in the OCD group than in the healthy controls group, and the [oxy-Hb]
changes in the right FPC were negatively correlated with the severity of
obsessions and the severity of OCD symptoms; the [oxy-Hb] changes in
the left OFC were negatively correlated with the severity of compul-
sions. These results support the hypothesis that the dysfunctions of the
prefrontal and temporal cortices are present in OCD, and the dysfunc-
tions are associated with the symptoms of OCD.

In comparison to the healthy controls group, the patients group did
not show a significant difference in performance of VFT. VFT related to

executive function and languages. Meta-analysis showed that patients
with OCD were significantly impaired in executive function (Shin et al.,
2014). In our study, we did not find similar results, maybe because we
chose only one relatively simple task for executive function. Previous
studies showed that there were no significant differences between the
healthy controls and the patients with schizophrenia or depressive
disorder in the performance of VFT, but they also found the [oxy-Hb]
increase patterns varied among groups by NIRS during VFT (Suto et al.,
2004). It may suggest NIRS is a more sensitive method for finding the
impairment of the brain, and it may be used for early detection of
cognition deficiency in OCD patients.

In our study, there were 52 channels significantly activated during
VFT in the healthy controls group, while there were only 16 channels in
the OCD group. It was obvious that the activated area in the OCD pa-
tients was smaller than in the healthy controls. Healthy controls acti-
vated at all channels during VFT, which showed the regions of the bi-
lateral prefrontal cortex and temporal cortex activated. The overall
activation patterns for VFT in healthy controls by NIRS were consistent
with the previous studies (Dan et al., 2013; Quan et al., 2015). Changes
in the concentrations of [oxy-Hb] are deemed to represent alterations in
regional cerebral blood volume, reflecting brain activation. The OCD
group had smaller activated areas during VFT, which may mean there
was a shortage of reserve energy in the prefrontal and temporal regions
(Hoshi and Tamura, 1993; Ohmae et al., 2006).

Table 2
The channels of significantly different brain activation during VFT between OCD group and healthy controls group.
Channel Brain area BA MNI coordinates T p Value Cohen's d
X Y Z
13 Dorsolateral prefrontal cortex (R) 46 60 24 23 —3.022 0.003 0.510
14 Frontopolar area (R) 10 49 52 10 —2.691 0.008 0.460
18 Frontopolar area (L) 10 —41 60 1 —3.968 < 0.001 0.672
27 Orbitofrontal cortex (L) 11 -1 68 -15 —2.830 0.005 0.478
28 Orbitofrontal cortex (L) 11 —26 66 —13 —3.472 < 0.001 0.586
29 Inferior prefrontal gyrus (L) 47 -49 49 -9 —4.339 < 0.001 0.735
35 Orbitofrontal cortex (R) 11 48 52 -13 —2.045 0.008 0.455
38 Orbitofrontal cortex (L) 11 -11 66 -20 —2.954 0.004 0.500
39 Orbitofrontal cortex (L) 11 -37 58 —-14 —5.583 < 0.001 0.943
40 Inferior prefrontal gyrus (L) 47 —-52 40 -11 —-3.167 0.002 0.537
42 Superior temporal gyrus (L) 22 —-69 -34 17 —2.453 0.015 0.043
44 Middle temporal gyrus (R) 21 64 5 -17 —2.695 0.008 0.456
45 Inferior prefrontal gyrus (R) 47 49 46 -17 —3.633 < 0.001 0.613
46 Orbitofrontal cortex (R) 11 38 58 -17 —3.472 < 0.001 0.588
50 Orbitofrontal cortex (L) 11 —45 45 -18 —4.162 < 0.001 0.703
51 Middle temporal cortex (L) 21 —58 11 —26 —2.793 0.006 0.472

R, right; L, left; BA: Brodmann's area; MNI: Montreal neurological institute.
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In group comparison, we found the OCD group had reduced brain
activation in the prefrontal cortex and temporal cortex, including bi-
lateral OFC, IPFC, FPC, right DLPFC, left STG, and bilateral MTG. The
reduction in [oxy-Hb] activation during the VFT period implies that
patients with OCD might have difficulty in acquiring adequate blood
supply to compensate for the consumed oxygen. This compensation
mechanism is crucial for proper neuronal activity. Previous studies
reported hypofunction of the PFC in OCD patients by NIRS, including
right DLPFC (Hirosawa et al., 2013), left lateral PFC (Okada et al.,
2013), and FPC (Ota et al., 2013). In the study, we found more dys-
functional regions in OCD patients by using the 52-channel NIRS with a
wide coverage over the prefrontal and temporal cortices, such as OFC,
IPFC, STG, and MTG. It may be helpful for us to further understand the
pathogenesis of OCD by NIRS. Furthermore, we find the grand average
waveforms of OCD group were serrated in most channels, while the
patterns of waveforms in the healthy control groups were smooth. We
think the serrated waveforms may be a characteristic of OCD patients
that potentially distinguish them from healthy controls. However, fur-
ther studies are needed.

We observed a lower activation in OFC during the task in the OCD
group and found the abnormalities of OFC were associated with the
severity of compulsions. Our results were in accordance with previous
reports by MRI. Some studies found increases in OFC gray matter vo-
lume (Togao et al., 2010; Rotge et al., 2010) and white matter volume
in OCD (Togao et al., 2010). Patients with OCD also showed decreased
function connectivity between the central orbitofrontal cortex and
dorsomedial striatum (Jung et al., 2017). Some studies also reported
that symptom severity of OCD was associated with the gray matter
volume in OFC (Koprivova et al., 2009; Venkatasubramanian et al.,
2012). Taken together, the structural and functional alterations of OFC
are the most frequently reported neuroimaging findings in OCD patients
(Jung et al., 2017). Dysfunction of the cortico-striato-thalamo-cortical
(CSTC) routing through the OFC is thought to play the main role in the
pathophysiology of OCD (Milad and Rauch, 2012; Fettes et al., 2017;
Jung et al., 2017). OFC has been implicated in shifting between habi-
tual action and goal-directed action by evaluating the consequences of
action (Gremel and Costa, 2013; Samara et al., 2017). The imbalance
between two actions may underlie distorted behaviors in OCD and
other decision-making disorders. Studies have reported OCD patients
had impaired action control during a goal-directed learning task (Gillan
et al., 2011). We found the brain activation of OFC was associated with
the severity of compulsions. Compulsions are repetitive, stereotyped
behaviors, such as repeated checking of locks and excessive hand
washing. Most patients clearly know the compulsions are valueless and
unreasonable, but they feel driven to perform, relying on habits. It is
possible that compulsions are due to the impairment of switching be-
tween habits and goal-directed behaviors, which is caused by the dys-
function of OFC.

Besides OFC, patients with OCD also had significantly reduced
changes in [oxy-Hb] concentrations than controls in other sub-regions
of the PFC, including DLPFC, IPFC, and FPC, and the [oxy-Hb] changes
in FP were negatively correlated with the Y-BOCS obsessions scores and
the Y-BOCS total scores. Some studies reported brain structural and
functional abnormalities in the DLPFC and IPFC in OCD patients. OCD
patients exhibited decreased function activation of the DLPFC, caudate,
and putamen during planning (van den Heuvel et al., 2005), and goal-
directed performance was related to reduced functional connectivity
between the putamen and the DLPFC in OCD patients (Vaghi et al.,
2017). De Wit et al.(2014) performed a multicenter voxel-based mor-
phometry mega-analysis between 412 adult OCD patients and 368
healthy subjects and found the volume of the inferior frontal gyrus was
significantly smaller, relative to healthy comparison subjects. Britton
et al. (2010) found reduced activation of the left inferior frontal gyrus
(BA 47) was present in pediatric OCD patients in the set-shifting con-
trast. Furthermore, in the present study, patients with OCD exhibited
hypoactivation in FPC and the correlations between activation of FPC
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and OCD symptoms, which were consistent with previous studies. Ota
et al. (2013) showed the [oxy-Hb] changes in FPC were significantly
smaller in pediatric OCD patients than in healthy controls during Stroop
color-word by using NIRS. Zhu et al. (2016) found OCD patients had
increased amplitude of low-frequency fluctuations value in the left FPC.
The Y-BOCS obsessions scores negatively correlated with the left frontal
pole volume (Venkatasubramanian et al., 2012). Boschin et al. (2015)
reported that the essential functions of FPC in cognition were markedly
different from the other prefrontal regions. They showed that FPC was
implicated in the ability to learn rapidly about novel objects and rules
by using an animal model. Their results suggested that the FPC makes a
significant contribution to the exploration and rapid acquisition of
novel behavioral options, and FPC plays an important role in complex,
higher-order behavior (Boschin et al., 2015). The impairment of FPC
may induce the symptoms like repeated thoughts and behavior, which
may participate in the occurrence of OCD. In addition, Previous studies
showed that OFC and FPC have been consistently implicated across a
wide range of psychiatric disorders, such as OCD (Jung et al., 2017),
major depressive disorder (Cheng et al., 2016) and schizophrenia
(Takizawa et al., 2008; Liao et al., 2015), which may influence the
symptomatology or global functioning of psychiatric diseases (Boschin
et al., 2015; Fettes et al., 2017). Further studies are needed to explore
the relationship between the activation in OFC and FPC and the global
functioning of OCD patients.

Furthermore, our study also showed that [oxy-Hb] changes in the
OCD group during VFT were significantly smaller than in the healthy
controls in STG and MTG. Compared with previous studies on OCD by
NIRS (Hirosawa et al., 2013; Okada et al., 2013; Ota et al., 2013), our
findings suggest that [oxy-Hb] changes are not limited to the frontal
cortex, and the dysfunction of the temporal cortex might be also asso-
ciated with the pathophysiology of OCD. Studies found that the volume
reduced in STG (Choi et al., 2006; Tang et al., 2015). A significant
decrease in white matter in the right STG extending into the insula was
correlated with symptoms of OCD (Lazaro et al., 2014). Tan et al.
(2013) reported increased volume of the bilateral middle temporal
gyrus in OCD patients. Giménez et al. (2017) found that OCD patients
showed increased fractional amplitude of low-frequency fluctuation
values in the middle temporal lobe. Compared to PFC, the temporal
cortex has been relatively less recognized in OCD functional neuroi-
maging studies. The temporal cortex is involved in memory, visuospa-
tial processing, and visceral sensory, which were impaired in patients
with OCD (Olson et al., 2007; Rotge et al., 2008; Brascamp et al., 2010).
However, the specific contributions of the temporal cortex to OCD are
yet unclear, and the detailed mechanism needs to be further studied.

Some limitations should be considered in our study. First, 36 pa-
tients with OCD were taking antidepressants at the time of the study.
Antidepressants have been reported to affect hemodynamic responses
in patients with major depressive disorder (Takamiya et al., 2017), but
it is not clear whether antidepressants influence hemodynamic re-
sponses in OCD patients. Takeda et al. (2017) found there were no
significant differences in [oxy-Hb] changes among medication statuses
by NIRS in OCD patients. It should also be noted that, in our study
group, comparison of medicated (n = 36) and nonmedicated OCD pa-
tients (n = 34) showed no significant differences as regards the con-
centration changes of [oxy-Hb] (These results reported in online sup-
plementary Table S1 and Fig. S1). It might be that the medications have
little effect on our OCD patients. Second, the spatial resolution of NIRS
is lower than that of fMRI or PET; however, most of our findings were
consistent with the previous studies on OCD identified by other neu-
roimaging modalities. The spatial resolution is within an acceptable
range, and in consideration of the availability of NIRS, NIRS could be
used widely in clinical practice.

5. Conclusions

To our knowledge, this is the first study in a relatively large sample
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of OCD patients to present the characters of [oxy-Hb] changes and as-
sess the relationships between activation and clinical status during VFT
by using a 52-channel NIRS with a wide coverage over the prefrontal
and temporal cortical surface area. In the study, we confirmed the areas
of smaller brain activation in the PFC as previously reported in OCD
patients by NIRS. Besides, we found more dysfunctional regions in OCD
patients, such as OFC, IPFC, STG, and MTG. In addition, we found the
relationships between the dysfunctions of FPC and OFC and OCD
symptoms. Such findings may help us to further understand the pa-
thogenesis of OCD by NIRS.
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