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Multi-channel near-infrared spectroscopy (NIRS) is a noninvasive, on-the-spot, functional neuroimaging
technique allowing detection of the spatiotempaoral characteristics of brain activity, Previous NIRS studies
indicated the oxy-hemoglobin (oxy-Hb) increase during a verbal fluency task (VFT) is attenuated in
patients with major depressive disorder (MDD) as compared with healthy controls. However, the
passible relationship between depression symptom severity and oxy-Hb change on NIRS has not yet
been elucidated. To examine this relationship, we recruited 30 patients with MDD and 30 age-, gender-
and intelligence quotient-matched controls. All underwent NIRS during VFT. As expected, the oxy-Hb
increase during the task was significantly smaller in patients than in controls. After false discovery
rate correction using 31 channels, the mean increase in oxy-Hb during the task showed a significant
negative correlation with the total score of the Hamilton Rating Scale for Depression 21-item version
(ch25: rho = —.56; FDR-corrected p: .001). When each item of the HAM-D21 was examined individually,
insomnia early in 9 channels (rho = —.63 to —.46; FDR corrected p: .000-.014), work and activity in 2
channels (rho = —.61 to —.57; FDR corrected p: .001 to .003) and psychomotor retardation in 12
channels (rho = —.70 to —.44; FDR corrected p: .000—.018) showed significant negative correlations
with the mean oxy-Hb increase in the right frontal temporal region. Although it is possible that our
results were affected by medication, these data suggest reduced right frontal temporal activation on NIRS
during VFT is related to the symptom severity of MDD.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

(NIRS) has been approved by the Ministry of Health, Labor and
Welfare as a highly advanced medical technology to help distin-

Major depressive disorder (MDD) is a severe and common
psychiatric disorder with a lifetime prevalence of 6.7 per 100
(Waraich et al., 2004). Although depressive symptoms per se do not
specifically appear in MDD but also in other psychiatric disorders
including bipolar disorders, we do not have an objective diagnostic
marker to obtain a clear-cut diagnosis for those patients. In Japan,
a relatively new neuroimaging method, near-infrared spectroscopy

* Corresponding author. Department of Psychiatry, National Center of Neurology
and Psychiatry Hospital, 4-1-1, Ogawahigashi., Kodaira, Tokyo 187-8551. Japan.
Tel: +81 42 341 2711; fax: +81 42 346 1705.

E-mail address: t-noda@ncnp.go.ip (T. Noda).

0022-3956/S — see front matter © 2012 Elsevier Ltd. All rights reserved.
doi:10.1016/1.jpsychires.2012.04.001
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guish between schizophrenia, depression and bipolar disorders in
2009. Verbal fluency task (VFT) is recommended as an activation
task because of a relatively rich store of data. VFT is an easy task to
examine the executive function and frequently used in neuro-
imaging studies (Alvarez and Emory, 2006) and is known to activate
prefrontal cortex (PFC) in healthy subjects (Frith et al., 1991;
Schlosser et al.. 1998). Numerous neuropsychological studies
suggest that patients with MDD show executive dysfunction
(Gohier et al., 2009; Rose and Ebmeier, 2006; Fossati et al., 2003;
Porter et al., 2003; Degl'Innocenti et al., 1998).

Multi-channel near-infrared spectroscopy (NIRS) is a noninva-
sive, on-the-spot, restraint-free functional neuroimaging technique
allowing detection of the spatiotemporal characteristics of brain
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function near the brain surface using near-infrared light
(Strangman et al., 2002a; Boas et al, 2004). NIRS has enabled
bedside measurement of the concentrations of oxy-hemoglobin
{oxy-Hb) and deoxy-hemoglobin (deoxy-Hb) changes with a high
time resolution (.1 s). The concentrations of oxy-Hb and deoxy-Hb
are assumed to reflect the regional cerebral blood volume (rCBV)
changes, which was supported by the simultaneous NIRS and PET
study (Villringer et al., 1997; Ohmae et al., 2006).

In fact, numerous studies have demonstrated that the oxy-Hb
increase in the fronto-temporal regions during a VFT is signifi-
cantly smaller in patients with MDD than in those with bipolar
disorder or healthy controls (Pu et al., 2008; Kameyama et al., 2006;
Suto et al., 2004; Matsuo et al., 2002). Moreover, NIRS studies using
VFT have also demonstrated frontal lobe dysfunction in schizo-
phrenia (Suto et al., 2004; Takizawa et al., 2008), and panic disorder
(Nishimura et al., 2007). However, the relationship between
depression symptom severity at the time of examination and oxy-
Hb change on NIRS has not yet been clarified.

In neuroimaging studies using other methodologies, focusing on
cortex level that NIRS reflects, positron emission tomography (PET)
studies found that abnormal reductions of cerebral blood flow
(CBF) and metabolism in patients with MDD in PFC (Kimbrell et al.,
2002; Bench etal., 1995; Mayberg et al., 1994; Baxter et al.,, 1989). As
for the relationship between executive function and CBF or
metabolism, Elliott et al. (1997) showed activation in PFC was
significantly attenuated relative to controls during the Tower of
London planning task in PET study. In a functional magnetic reso-
nance imaging (fMRI) study, depressed patients showed significant
decreased prefrontal activation during VFT (Okada et al., 2003).

As for the relationship between depression symptom severity
and frontal lobe function, Brody et al. (1999) found a positive
correlation between change in Hamilton Rating Scale for Depres-
sion (HAM-D) scores and change in normalized inferior frontal
gyrus (IFG) and ventrolateral PFC (VLPFC) metabolism, which
indicates that IFG metabolism increased and VLPFC metabolism
decreased as depression symptoms became better. Other initial
studies also suggest that abnormal functions in dorsolateral PFC
(DLPFC) are mood state dependent, attenuated during the
depressed mood and reversing during symptom remission (Bench
et al. 1995; Mayberg et al., 1994). In contrast, Drevets et al.
(2002) showed the persistence of abnormal metabolic deficits
using PET measures in the dorsomedial/dorsal anterolateral PFC in
MDD during treatment. According to a review by Drevets (2000),
a complex relationship exists between depression symptom
severity and metabolic activity in the orbital cortex and VLPFC.

Findings obtained by more recent studies investigating cross-
sectional relationship between depression symptom severity and
brain function assessed by basal regional CBF and metabolism are also
inconsistent. For example, Périco et al. (2005) reported that depression
symptom severity was negatively correlated with regional CBF (rCBF)
in the left amygdala, lentiform nucleus, and parahippocampal gyrus,
and positively correlated with rCBF in the right postero-lateral parietal
cortex, whereas Milak et al. (2005) showed only positive correlations
in bilateral mesiotemporal cortex, parts of the ventral subgenual basal
forebrain, and most of the thalamus, hypothalamus, ventral striatum,
and midbrain. Accordingly more studies are warranted to clarify the
relationship between depression severity and brain activity including
frontal lobe function.

In the present study, considering the consistent finding of
attenuated oxy-Hb changes during VFT in the fronto-temporal
regions in depression, we hypothesized that oxy-Hb changes
during VFT in NIRS could be objective indicators of depressive
symptom severity. Thus, we used multi-channel NIRS to investigate
the relationship between oxy-Hb changes and symptom severity in
patients with MDD. Because NIRS can be measured easily and

noninvasively in a restraint-free environment over a short amount
of time we expect that NIRS can be widely used to assess objectively
depressive symptom severity as a clinical examination.

2. Materials and methods
2.1. Subjects

The subjects were 30 patients with MDD, and 30 healthy
volunteers matched for age, gender and premorbid intelligence
quotient (IQ). Premorbid IQ was estimated using the Japanese
version of the National Adult Reading Test (Matsuoka et al., 20086).
All subjects were right-handed according to the Edinburgh Inven-
tory (Oldfield, 1971) and were native speakers of Japanese. All MDD
subjects were outpatients of the National Center of Neurology and
Psychiatry Hospital in Tokyo, Japan. They were diagnosed according
to the Structured Clinical Interview for the Diagnostic Statistical
Manual of Mental Disorders, 4th edition (DSM-1V) Axis I Disorders
(SCID-I; First et al., 1995) by experienced psychiatrists, All patients
were medicated with antidepressants. Twenty-seven out of 30
patients were prescribed with one or two antidepressants, 16 with
SSRis, 12 with tricyclics, 7 with milnacipran, 5 with tetracyclics, 2
with trazodone and 1 with mirtazapine. In addition, 20 patients
were prescribed with anxiolytics, 16 with hypnotics, 7 with mood
stabilizers and 9 with antipsychotics (Supplementary Table 1).
Daily doses of all antidepressants were converted to an equivalent
dose of imipramine (Inagaki and Inada, 2006) and anxiolytics/
hypnotics to that of diazepam (Inagaki and Inada, 2006) for each
patient. The controls were healthy volunteers recruited from the
same geographical area through advertisements in free local
magazines and our website announcement. They were interviewed
using the SCID-I for MDD or SCID-NP for healthy volunteers and an
unstructured interview for family history, and those individuals
who had a current or past history of Axis 1 psychiatric disorder or
a positive family history of Axis I psychiatric disorder within their
first degree relatives were excluded. The exclusion criteria for both
groups were previous head trauma, neurological illness, a history of
electroconvulsive therapy, alcohol/substance abuse or addiction.

After the study procedures had been fully explained, written
informed consent was obtained from every participant. This study
was approved by the ethics committee of the National Center of
Neurology and Psychiatry.

2.2. Clinical assessment

Depressive symptoms and the level of social functioning were
evaluated by a single experienced psychiatrist using the GRID
Hamilton Rating Scale for Depression 21-item version (GRID HAM-
D21; Kalali et al, 2002) and Global Assessment of Functioning
scores (GAF; American Psychiatric Association, 1994), respectively,
without knowledge of the NIRS data on the same day that the NIRS
measurements were conducted. Sleepiness was evaluated as the
score on the Stanford Sleepiness Scale (SSS; Hoddes et al., 1973),

2.3. Activation task

The activation task was a letter version of VFT similar to that
described by Takizawa et al. (2008). During the VFT, changes in oxy-
Hb and deoxy-Hb were measured. The VFT consisted of a 30-sec pre-
task baseline, a 60-sec VFT, and a 70-sec post-task baseline. The
subjects were instructed to repeat the syllables /a/, fi/, /u/, [e/ and Jo/
during the pre-task and post-task baseline periods. For the VFT, the
subjects were instructed to generate as many words as possible,

One of the three initial syllables (A; 0-20 s /a/, [to], or [na/, B;
20-40 s [if, [ki/, or [sef, C; 40—60 s o/, [ta/, or [ha/) was randomly
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presented on the computer display placed in front of the subjects,
every 20 s during the 60-sec task. The number of possible combina-
tions of syllables is 27 (A:3 x B;3 x C;3 = 27). We adopted 15 among
the possible combinations. The number of correct words generated
during the task was determined as a measure of task performance.

3. NIRS measurements
3.1. NIRS device

We used a 52-channels NIRS (ETG-4000 Optical Topography
System; Hitachi Medical Co., Tokyo, Japan) which measures relative
changes in oxy-Hb and deoxy-Hb using two wavelengths (695 nm
and 830 nm) of infrared light based on the modified Beer—Lambert
law (Yamashita et al., 1996). With this system, these Hb values
include a differential pathlength factor (DPF). In the NIRS system,
“hemoglobin concentration change*DPF" is calculated as a solution
to the simultaneous equations based on the Beer—Lambert law,
which cannot escape the effect of DPF. Although DPF varies among
various brain regions Zhao et al., using a Monte Carlo simulation,
reported the estimated DPF variation in the forehead region of
adult humans was roughly homogeneous (Zhao et al., 2002),

The distance between a pair of source-detector probes was set at
3.0 cm and each area measured between a pair of source-detector
probes was defined as a ‘channel’. The NIRS device is considered
to measure ‘channels’ at a 2—3 cm depth from the scalp, that is, at
the surface of the cerebral cortex (Hock et al., 1997; Okada and
Delpy, 2003, Toronov et al., 2001).

a Probe position

b

Frontal region d

3.2. Probe positioning and measurement points

The NIRS probes were fixed with 3 x 11 thermoplastic shells,
with the lowest probes positioned along the Fp1-Fp2 line
according to the international 10—20 system used in electroen-
cephalography. The probes can measure Hb values from bilateral
prefrontal and temporal surface regions. The measuring points
were labeled ch1 to ch52 from right-posterior to left-anterior
(Fig. 1). The correspondence between these NIRS channels and
the measurement points on the cerebral cortex was confirmed by
a multi-subject study of anatomical cranio-cerebral correlations
(Okamoto et al., 2004) and presented on the basis of results
obtained by the virtual registration method (Tsuzuki et al., 2007).

3.3. Measurement parameters

The rate of data sampling was .1 second (s). The obtained data
were analyzed using integral mode; the pre-task baseline was
determined as the mean over a 10 s period just prior to the task
period, and the post-task baseline was determined as the mean
over the last 5 s of the post-task period. Linear fitting was then
applied to the data between these two baselines. The moving
average method using a window width of 5 s was applied to remove
any short-term motion artifacts. Because we could not remove all
artifacts in this way, we applied automatic rejection of data with
artifacts separately for each channel (Takizawa et al., 2008).

According to the aforementioned measurement parameters for
integral mode, the waveforms of oxy-Hb, deoxy-Hb and total-Hb

Left temporal region

Fig. 1. Measurement points of 52 channels for near-infrared spectroscopy (NIRS) (a) Probes with 3 « 11 thermoplastic shells were placed over a subject’s bilateral frontal regions.
(b—d) The 52 measuring positions of the NIRS device are superimposed on the 3D-reconstructed cerebral surface, based on magnetic resonance imaging. The 52 measuring
positions are labeled ch1 to ch52, from the right posterior to the left posterior. The dimensional figures b, ¢ and d indicate the right temporal, frontal and left temporal brain regions,
respectively. Because acquired NIRS data from the 21 channels in the upper two rows (pink channels) clearly contained artifacts presumably due to hair, as indicated by visual
inspection of the waveforms, and signal to noise ratio seemed to be low, they were excluded from statistical analyses.
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changes were acquired from each subject in all 52 channels during
VFT.

3.4. Measurement environment

The subjects sat on a comfortable chair in a silent and day-lit
room. They were instructed to minimize motions such as head
movements, strong biting and blinking during the NIRS measure-
ment, to avoid artifacts.

Data clearly containing motion artifacts, based on both our
observations and the NIRS recording, were excluded from further
analyses.

4. Statistical analysis

Because acquired NIRS data from the 21 channels in the upper
two rows clearly contained artifacts presumably due to hair, as
indicated by visual inspection of the waveforms, and signal to noise
ration seemed to be low, they were excluded from statistical
analyses.

The x? test or Student's t-test was used to compare proportions
and means, respectively, between the MDD and control groups.

As for the analysis of the NIRS data, we focused on oxy-Hb data,
since oxy-Hb change (task period — pre- and post-task baseline
period)is assumed to more directly reflect cognitive activation than
deoxy-Hb change as shown by a stronger correlation with blood-
oxygenation level-dependent signal measured by fMRI
(Strangman et al., 2002b). The mean oxy-Hb changes were
compared between the two groups (MDD and control) for each
channel using Student's t-test. To examine the relationships
between oxy-Hb changes and HAM-D21 total scores, HAM-D21
subscale scores, GAF, or other clinical variables, Spearman’s rhos
were calculated for MDD patients.

All statistical analyses were performed using SPSS for Windows,
version 18.0.0 software (SPSS Japan, Tokyo, Japan). A value of p < .05
(two-tailed) was considered to be statistically significant. We set
the value of g specifying the maximum false discovery rate (FDR) at
.05, such that the false positive rate was no more than 5% on
average in treating the oxy-Hb data obtained from multiple chan-
nels (Singh and Dan, 2006).

5. Results
5.1. Demographic and clinical data of patients and controls
Table 1 summarizes demographic characteristics of the patients

and controls. The two groups did not differ significantly in age,
gender, handedness, estimated premorbid IQ or SSS.

Table 1
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52. Task performance

The number of words generated did not differ significantly
among the 15 combinations employed (15 combinations: F[1,
45] = 1.1, p = .39; three initial syllables: F[2, 90] = 1.2,p = .31)in
either group. The number of generated words during VFT did not
differ significantly (patients: 12.3 = 3.9; controls 13.9 = 4.3, t = 1.5,
df = 58, p = .13) between the MDD and control groups.

5.3. Group comparison

As shown in Fig. 2, the MDD group had significantly smaller oxy-
Hb increases than the control group in 22 channels (ch22-29,
ch32-33, ch35-39 and ch44-50; FDR-corrected p: .000-.024)
during VFT.

5.4. Relationship with symptom severity at the time of examination

As shown in Fig. 2, there were significant negative correlations
between mean oxy-Hb changes during the task and HAM-D21 total
scores in one channel (ch25: rho = —.56; FDR-corrected p: .001). Mean
oxy-Hb changes during the task period showed significant negative
correlations with three individual items of the HAM-D21 subscale
scores (Fig. 3); insomnia early in 9 channels (ch23, ch25—27, ch36-37
and ch46—-48: rho = —.63 to —.46; FDR corrected p: .000—.014), work
and activity in 2 channels (ch44 and ch45: rho = —.61 to —.57; FDR
corrected p: .001 to .003), and psychomotor retardation in 12
channels (ch22-24, ch32, ch35-36, ch41, ch43—ch45, ch47 and
ch51: rho = —.70 to —.44; FDR corrected p: .000—.018). Mean oxy-Hb
changes showed no significant correlations with the remaining
HAM-D21 subscale scores (i.e., depressed mood, guilt, insomnia
middle, insomnia late, psychomotor agitation, anxiety psychic, anxiety
somatic, loss of appetite, somatic symptoms general, sexual interest,
hypochondriasis, loss of weight, insight, diurnal variation, and obses-
sional symptoms; ) (Fig. 4).

Furthermore, mean oxy-Hb changes showed no significant
correlation with task performance during VFT or other clinical
variables, such as age, duration of illness, and sleepiness (data not
shown).

5.5. Relationships with medication

There were no significant correlations between the HAM-D21 total
score and doses of antidepressants (rho = —.23, p = 22) or anxiolytics
(rho = .25, p = 18). There were significant negative correlations
between mean oxy-Hb changes during the task and doses of antide-
pressants in 6 channels (ch31, ch40-41, ch45, ch50-51: rho = —.57

Demographic and clinical data of patients with major depressive disorder and controls.

Demographics

Patients with depression (n = 30)

Healthy controls (n = 30) Group difference p-value

Age (years) 36.7 £ 11.6
Gender (female/male) 16/14
Edinburgh handedness inventory (%) 929 +9.7
Age at onset (years) 309 108
Duration of illness (years) 5.8 + 4.1
Duration of medication (years) 5.0+ 36
GRID HAM-D21 total score 16.7 + 4.8
Estimated premorbid 1Q 1057 £ 9.5
Sleepiness 33& 1.1
GAF 576 +93
Medication

Imipramine equivalent dose (mg/day) 1419 £ 1276
Diazepam equivalent dose (mg/day) 85+ 11.6

35.1 =54 871
16/14 1.000
920+ 115 753
105.9 = 83 953
2949 .104

The x* test or t-test was used to compare these variables between patients and controls. GAF, Global Assessment of Functioning: GRID HAM-D21, GRID Hamilton Rating Scale

for Depression 21 item; I1Q, Intelligence Quotient.
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Fig. 2. p-value significance map of t-tests for oxy-Hb increases in patients with MDD compared with healthy controls during VFT using FDR correction. The warm colored circles
represent significantly smaller oxy-Hb increases than in the control group at the channels indicated. There were 22 channels (ch22-29, ch32-33, ch35-39 and ch44-50; FDR-

corrected p: 000—.024).

to —.48; FDR-corrected p: .002 to .007). Mean oxy-Hb changes showed
no significant correlations with doses of anxiolytics.

6. Discussion
6.1. Task performance

The number of words generated during the VFT did not differ
significantly between patients and controls, which is consistent
with the majority of previous studies (Matsuo et al., 2002; Fossati
et al., 2003; Suto et al., 2004; Kameyama et al., 2006). Previous
studies reported impairment on semantic fluency tasks in depres-
sion (Calev et al., 1989; Tarbuck and Paykel, 1995). However, on
phonemic fluency task conflicting results patients showing normal
or impairment performance in depression (Albus et al., 1996;
Degl'lnnocenti et al., 1998). Type of psychiatric disorder and task
time setting may reflect the discrepancies (Fossati et al., 2003). In
the present study. the time setting of VFT was three phonemes
within 60 s, that is, 20 s for each phoneme, which differs from the
standard VFT usually using 60 s for one phoneme. The time setting
condition was designed as it is, so that the subjects were able to
keep generating words regularly within the task period to avoid the
effect of “not speaking”. It is possible that the time setting condition
in the present study caused the lack of significant between group-
difference in task performance.

6.2. Between-group comparison of oxy-Hb activation

The present study showed oxy-Hb activation during VFT to be
significantly smaller in the MDD group than in age-, gender- and
1Q-matched healthy controls. This result is essentially consistent
with those obtained using NIRS (Matsuo et al., 2002; Herrmann
et al., 2004; Suto et al., 2004; Kameyama et al., 2006; Pu et al.,
2008), single photon emission computed tomography (SPECT)
(Mayberg et al., 1994) or functional magnetic resonance imaging
(fMRI) (Okada et al., 2003).
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6.3. Relationships with symptom severity at the time of
examination

Mean oxy-Hb changes during the task period showed a signifi-
cantly negative correlation with HAM-D21 total score at ch25. Ch25
is located approximately in the right DLPFC. The finding is in line
with some initial studies (Bench et al., 1995; Mayberg et al., 1994)
which suggest that abnormal functions in DLPFC are mood
dependent. However, other more recent studies investigating
cross-sectional relationship between depression psychopathology
and brain function do not coincide with our result (Périco et al.,
2005; Milak et al., 2005). One of the reasons for the discrepancy
may arise from the different methodologies; in the present study
we adopted VFT for activation whereas the previous studies
observed the basal activity with no activation task. Although
speculative as it is, the activation of PFC by VFT may have led to the
significant relationship between oxy-Hb changes and depression
symptom severity in the right DLPFC,

More interestingly, mean oxy-Hb changes during the task period
showed significant negative correlations with three individual
HAM-D21 items in a wider area than they showed with HAM-D21
total scores; insomnia early in nine, work and activity in two and
psychomotor retardation in twelve channels. The nine channels
correlating with “insomnia early” were located approximately in
the right pre-motor area, DLPFC and frontopolar and orbitofrontal
areas. The two channels correlating with “work and activity” were
located approximately in the right DLPFC and temporopolar area.
The twelve channels correlating with “psychomotor retardation”
were located broadly in the fronto-temporal areas with right
hemispheric dominance. Although these findings should be treated
with care given the exploratory nature of multiple analyses, it is
noteworthy that at least some subscale scores of HAM-D21
appeared to show stronger relationship with oxy-Hb changes
than HAM-D21 total scores. It has been pointed out that HAM-D17
and/or HAM-D21 are not necessarily unidimensional, and thus not
adequate to assess depression severity (Bagby et al., 2004), Licht
et al. (2005) showed that a set of the HAM-D containing six
subscales constitute a unidimensional scale measuring severity of
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Fig. 3. (a) The channels with a significant correlation between oxy-Hb changes and HAM-D21 total score after FDR correction. (b) Scatter graph showing the relationship between

HAM-D21 total scores and oxy-Hb activation in ch25.

depression, whereas the remaining items covering neurovegetative
symptoms showed a problematic response somewhat insensitive
to depression severity. [n fact, the multidimensionality was high-
lighted in the unstable factor structure, which was demonstrated
by a failure to replicate a single unifying structure across studies
(Bagby et al., 2004). The relatively strong relationship indicated
between HAM-D21 subscale scores and oxy-Hb changes in diver-
gent areas, compared to HAM-D21 total scores may be due to the
multidimensional properties of HAM-D21. Graff-Guerrero et al.
(2004) also demonstrated that each HAM-D subscale score
showed a significant correlation with the basal CBF in variant areas,
in some cases showing positive correlation and others negative.

6.4. Relationships with medications

As all patients were taking antidepressants at the time of eval-
uation, the medication effect could not be ignored. Yet, there was
no significant relationship between daily dose levels of antide-
pressants and the HAM-D21 total score. Although daily dose levels
of antidepressants showed significant negative correlations with
oxy-Hb changes in six channels, ch25, where a significant correla-
tion between oxy-Hb changes and HAM-D21 total scores was
observed, was not included in the six channels. Therefore, we
suspect that the effect was small, if at all.

PET has been used to demonstrate that antidepressant medi-
cation normalizes both over-activity and under-activity in the
frontal cortex (Kennedy et al., 2001, 2007; Mayberg et al., 2000;
Goldapple et al., 2004). Unfortunately, our results could not clarify
the relationship between medication and brain activation because
our analysis was based on cross-sectional data. Although our data
may reflect the more restraint-free, natural setting than those using
fMRI or PET, further studies in drug-naive patients are required to
draw any conclusions as to the possible effects of medication on
brain activation as measured by NIRS. Longitudinal studies inves-
tigating the relationship between the change in oxy-Hb data and
symptom severity scores with a larger sample size are warranted to
reach a conclusion on this matter.

The results of this study must be interpreted with caution due to
certain limitations. First, because the analysis was based on cross-
sectional data, causality cannot be determined. Longitudinal
studies are needed to assess cause-and-effect relationships. Second,
our sample size was not large, and is thus subject to type Il error.
Further studies with larger numbers of MDD patients are required.
Finally, owing to the multidimensional properties of HAM-D21,
assessment of depression symptom severity using HAM-D21 total
scores may not be adequate, and thus, other scales such as Mont-
gomery Asberg Depression Rating Scale (MADRS) or Beck Depres-
sion Inventory (BDI) should be tested in the future study.
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Fig. 4. rtho-value map for the correlation between oxy-Hb activation in MDD patients and three individual HAM-D21 subscale scores after FDR correction. (a) insomnia early, (b)

psychomotor retardation, and (¢) work and activity.
7. Conclusion

In this study, we confirmed that the increase in oxy-Hb during
a VFT task is significantly smaller in MDD than in age- and gender-
matched healthy subjects. This difference could not be explained by
a difference in task performance or premorbid 1Q, The blunted
increase in right DLPFC was associated with the symptom severity
of MDD and therefore oxy-Hb changes during VFT in this region
may be a state-dependent marker of depression.

Role of the funding source

This study was supported by an Intramural Research Grant (20-3;
21-9) for Neurological and Psychiatric Disorders of NCNP, and Health
and Labor Sciences Research Grants (Comprehensive Research on
Disability, Health and Welfare) and research grants from the Japanese
Ministry of Health, Labour and Welfare (H22-seishin-ippan-001 and
Comprehensive Research on Disability Health and Walfare).

Contributors

T. Noda designed the study, wrote the protocol, assessment of
depression severity, literature searches, statistically analyzed the
data, and wrote the first draft of the manuscript. T. Matsuda was
involved in patient recruitment and assessment of depression
severity. H. Kunugi and S. Yoshida wrote the final version of the
manuscript. All authors contributed to and have approved the final
manuscript.

68

Conflict of interest

All the authors declare that they have no conflicts of interest
with respect to this study or its publication.

Acknowledgments

The authors thank all the participants in this study. We thank Mr.
Yuji Sugimura and Mr. Masaru Ogawa, who support NIRS measure-
ment. We are also grateful to Dr Kazuyuki Nakagome for helpful
suggestions and observations and a critical reading of the manuscript.

Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.jpsychires.2012.04.001,

References

Albus M, Hubmann W, Wahlheim C, Sobizack N, Franz U, Mohr E. Contrasts in
neuropsychological test profile between patients with first-episode schizo-
phrenia and first-episode affective disorders. Acta Psychiatrica Scandinavica
1996:94:87-93.

Alvarez JA, Emory E. Executive function and the frontal lobes: a meta-analytic
review. Neuropsychology Review 2006;16:17-42.

American Psychiatric Association. Diagnostic and statistical manual of mental
disorders. 4th ed. Washington DC: American Psychiatric Association; 1994.
Bagby RM. Ryder AG, Schuller DR, Marshall MB. The Hamilton Depression Rating
Scale: has the gold standard become a lead weight? The American Journal of

Psychiatry 2004:161:2163—-77.

Baxter Jr LR, Schwartz JM, Phelps ME, Mazziotta JC, Guze BH, Selin CE, et al.
Reduction of prefrontal cortex glucose metabolism common to three types of
depression. Archives of General Psychiatry 1989:46:243—50.



912

Bench CJ. Frackowiak RSJ, Dolan R]. Changes in regional cerebral blood flow on
recovery from depression. Psychological Medicine 1995;25:247-51.

Boas DA, Dale AM, Franceschini MA. Diffuse optical imaging of brain activation:
approaches to optimizing image sensitivity, resolution, and accuracy. Neuro-
image 2004;1(23 Suppl.):5275-88.

Brody AL, Saxena S, Silverman DH, Alborzian S, Fairbanks LA, Phelps ME, et al. Brain
metabolic changes in major depressive disorder from pre- to post-treatment
with paroxetine. Psychiatry Research 1899:91:127~38.

Calev A, Nigal D, Chazan S. Retrieval from semantic memory using meaningful and
meaningless constructs by depressed, stable bipolar and manic patients. The
British Journal of Clinical Psychology 1989:28:67-73.

Degl'innocenti A, Agren H, Bickman L. Executive deficits in major depression. Acta
Psychiatrica Scandinavica 1998;97:182-8.

Drevets WC. Neuroimaging studies of mood disorders. Biological Psychiatry 2000;
48:813-29.

Drevets WC, Bogers W, Raichle ME. Functional anatomical correlates of antide-
pressant drug treatment assessed using PET measures of regional glucose
metabolism. European Neuropsychopharmacology 2002;12:527—44.

Elijott R, Baker SC, Rogers RD, O'Leary DA, Paykel ES, Frith CD, et al. Prefrontal
dysfunction in depressed patients performing a complex planning task: a study
using positron emission tomography. Psychological Medicine 1997:27:931-42.

First MB. Spitzer RL, Gibbon M, Williams }B. Structured Clinical Interview for DSM-
IV Axis | disorders. New York: American Psychiatry Press; 1995.

Fossati P, Guillaume le B, Ergis AM, Allilaire JF. Qualitative analysis of verbal fluency
in depression. Psychiatry Research 2003:117:17-24.

Frith CD, Friston K], Liddle PF, Frackowiak RS. A PET study of word finding. Neu-
ropsychologia 1991;29:1137—48.

Gohier B, Ferracci L, Surguladze SA, Lawrence E, El Hage W, Kefi MZ, et al. Cognitive
inhibition and working memory in unipolar depression. Journal of Affect
Disorders 2009;116:1060-5.

Goldapple K, Segal Z, Garson C, Lau M, Bieling P, Kennedy S, et al. Modulation of
cortical-limbi¢ pathways in major depression: treatment-specific effects of
cognitive behavior therapy. Archives of General Psychiatry 2004:61:34—41.

Graff-Guerrero A, Gonzélez-Olvera J, Mendoza-Espinesa Y, Vaugier V, Garcia-
Reyna JC. Correlation between cerebral blood flow and items of the Hamilton
Rating Scale for Depression in antidepressant-naive patients. Journal of Affect
Disorders 2004:80:55—63.

Herrmann M}, Ehlis AC, Faligatter Al Bilaterally reduced frontal activation during averbal
fluency task in depressed patients as measured by near-infrared spectroscopy. The
Journal of Neuropsychiatry and Clinical Neurosciences 2004;16:170-5.

Hock C, Villringer K, Muller-Spahn F, Wenzel R, Heekeren H, Schuh-Hofer §S, et al.
Decrease in parietal cerebral hemoglobin oxygenation during performance of
a verbal fluency task in patients with Alzheimer's disease monitored by means
of near-infrared spectroscopy (NIRS)—correlation with simultaneous rCBF-PET
measurements. Brain Research 1997;755:293—-303.

Hoddes E, Zarcone V, Smythe H, Phillips R, Dement WC. Quantification of sleepi-
ness: a new approach. Psychophysiology 1973:10:431-6.

Inagaki A, Inada T. Dose equivalence of psychotropic drugs: 2006-version. japanese
Journal of Clinical Psychopharmacology 2006:9:1443-7 [in Japanese with
English abstracts).

Kalali A, Williams JBW, Kobak KA, Lipsitz ). Engelhardt N, Evans K, et al. The new
GRID HAM-D: pilot testing and international field trials. International Journal of
Neuropsychopharmacology 2002:5:5147-8.

Kameyama M, Fukuda M, Yamagishi Y, Sato T, Uehara T, Ito M, et al. Frontal lobe
function in bipolar disorder: a multichannel near-infrared spectroscopy study.
Neuroimage 2006;29:172—-84.

Kennedy SH. Evans KR, Kruger S, Mayberg HS, Meyer JH, McCann §, et al. Changes in
regional brain glucose metabolism measured with positron emission tomog-
raphy after paroxetine treatment of major depression. The American Journal of
Psychiatry 2001:158:859—-905.

Kennedy SH, Konarski JZ, Segal ZV, Lau MA, Bieling PJ, Mcintyre RS, et al. Differences
in brain glucose metabolism between responders to CBT and venlafaxine in
a 16-week randomized controlled trial. The American Journal of Psychiatry
2007:164:778—88.

Kimbrell TA, Ketter TA, George MS, Little JT, Benson BE, Willis MW, et al. Regional
cerebral glucose utilization in patients with a range of severities of unipolar
depression. Biological Psychiatry 2002;51:237-52.

Licht Rw, Qvitzau S, Allerup P, Bech P. Validation of the Bech-Rafaelsen Melancholia
Scale and the Hamilton Depression Scale in patients with major depression; is
the total score a valid measure of illness severity? Acta Psychiatrica Scandi-
navica 2005;111:144-8.

Matsuoka K, Uno M, Kasai K, Koyama K, Kim Y. Estimation of premorbid IQ in
individuals with Alzheimer's disease using Japanese ideographic script (Kanji)
compound words: Japanese version of National Adult Reading Test. Psychiatry
and Clinical Neurosciences 2006;60:332-9.

Matsuo K, Kato N, Kato T. Decreased cerebral haemodynamic response to cognitive
and physiological tasks in mood disorders as shown by near-infrared spec-
troscopy. Psychological Medicine 2002;32:1025-37.

T. Noda et al. / Journal of Psychiatric Research 46 (2012) 505-912

Mayberg HS, Lewis P}, Regenold W, Wagner Jr HN. Paralimbic hypoperfusion in
unipolar depression. Journal of Nuclear Medicine 1994:35:929-34,

Mayberg HS, Brannan SK, Tekell JL. Silva JA, Mahurin RK, McGinnis S, et al. Regional
metabolic effects of fluoxetine in major depression: serial changes and rela-
tionship to clinical response. Biological Psychiatry 2000:48:830—43.

Milak MS, Parsey RV, Keilp J. Oquendo MA. Malone KM, Mann ]|. Neurcanatomic
correlates of psychopathologic components of major depressive disorder.
Archives of General Psychiatry 2005:62:397—408.

Nishimura Y, Tanii H, Fukuda M, Kajiki N, Inoue K, Kaiya H, et al. Frontal dysfunction
during a cognitive task in drug-naive patients with panic disorder as investi-
gated by multi-channel near-infrared spectroscopy imaging. Neuroscience
Research 2007:59:107—12.

Ohmae E, Ouchi Y, Oda M, Suzuki T, Nobesawa S, Kanno T, et al. Cerebral hemo-
dynamics evaluation by near-infrared time-resolved spectroscopy: correlation
with simultaneous positron emission tomography measurements. Neuroimage
2006:29:697—705.

Okada E, Delpy DT. Near-infrared light propagation in an adult head model. IL Effect
of superficial tissue thickness on the sensitivity of the near-infrared spectros-
copy signal. Applied Optics 2003;42:2915-22.

Okada G, Okameto Y, Marinobu S, Yamawaki S, Yokota N. Attenuated left prefrontal
activation during verbal fluency task in patients with depression. Neuro-
psychobiology 2003:47:21--6.

Okamoto M, Dan H, Shimizu K, Takeo K, Amita T, Oda ), et al. Multimoda) assess-
ment of cortical activation during apple peeling by NIRS and fMRL Neuroimage
2004:21:1275-88.

Oldfield RC. The assessment and analysis of handedness: the Edinburgh inventory.
Neuropsychologia 1971:9:97-113.

Périco CA, Skaf CR, Yamada A, Duran F, Buchpiguel CA, Castro CC, et al. Relationship
between regional cerebral blood flow and separate symptom clusters of major
depression: a single photon emission computed tomography study using
statistical parametric mapping. Neuroscience Letters 2005;384:265-70.

Porter R}, Gallagher P, Thompson JM, Young AH. Neurocognitive impairment in
drug-free patients with major depressive disorder. The British Journal of
Psychiatry 2003;182:214-20.

Pu S, Matsumura H, Yamada T, lkezawa S, Mitani H, Adachi A, et al. Reduced
frontopelar activation during verbal fluency task associated with poor social
functioning in late-onset major depression: multi-channel near-infrared spec-
troscopy study. Psychiatry and Clinical Neurosciences 2008;62:728-37.

Rose E), Ebmeier KP. Pattern of impaired working memory during major depression.
Journal of Affect Disorders 2006:90:149—61.

Schidsser R, Hutchinson M, Joseffer S, Rusinek H, Saarimaki A, Stevenson |, et al.
Functional magnetic resonance imaging of human brain activity in a verbal
fluency task. Journal of Neurology, Neurosurgery, and Psychiatry 1998:64:
492--8.

Singh AK, Dan L Exploring the false discovery rate in multichannel NIRS. Neuro-
image 2006;33:542-9.

Strangman G, Boas DA, Sutton JP. Nen-invasive neuroimaging using near-infrared
light. Biological Psychiatry 2002a:52:679-93.

Strangman G, Culver [P, Thompson jH, Boas DA. A quantitative comparison of
simultaneous BOLD fMRI and NIRS recordings during functional brain activa-
tion. Neuroimage 2002b:17:719-31.

Suto T, Fukuda M, Ito M, Uehara T, Mikuni M. Multichannel near-infrared spec-
troscopy in depression and schizophrenia: cognitive brain activation study.
Biological Psychiatry 2004:55:501—11.

Takizawa R, Kasai K, Kawakubo Y, Marumo K, Kawasaki S, Yamasue H, et al Reduced
frontopolar activation during verbal fluency task in schizophrenia: a multi-channel
near-infrared spectroscopy study. Schizophrenia Research 2008:99:250-62,

Tarbuck AF, Paykel ES. Effects of major depression on the cognitive function of
younger and older subjects. Psychological Medicine 1995;25:285-95,

Toronov V, Webb A, Choei JH, Wolf M, Michales A, Gratton E, et al. Investigation of
human brain hemodynamics by simultaneous near infrared spectroscopy and
functional magnetic resonance imaging. Medical Physics 2001:28:521-7.

Tsuzuki D, Jurcak V, Singh AK, Okamoto M, Watanabe E, Dan L Virtual spatial
registration of stand-alone fNIRS data to MNI space. Neuroimage 2007:34:
1506-18.

Villringer K, Minoshima S, Hock C, Obrig H, Ziegler S, Dirnagl U, et al. Assessment of
local brain activation. A simultaneous PET and near-infrared spectroscopy
study. Advances in Experimental Medicine and Biology 1897:413:149-53,

Waraich P, Goldner EM, Somers JM, Hsu L. Prevalence and incidence studies of
mood disorders: a systematic review of the literature. Canadian Journal of
Psychiatry 2004:49:124~38.

Yamashita Y, Maki A, Ito Y, Watanabe E, Koizumi H. Noninvasive near-infrared
topography of human brain activity using intensity modulation spectroscopy.
Optical Engineering 1996;35:1046—8.

Zhao H, Tanikawa Y, Gao F, Onodera Y, Sassaroli A, Tanaka K, et al. Maps of optical
differential pathlength factor of human adult forehead, somatosensory motor
and occipital regions at multi-wavelengths in NIR. Physics in Medicine and
Biology 2002:47:2075-93.

69



RIESE - 53(12) : 1195-1200, 2011

1195

--------------------------------

AiF 2 E

h

(& UsIC

A IFRIEIL, M{ZE (heritability) 78 0.8, s
(B O ERER) 4 8.2 (I BUBERMG 15, 7
YNA = 4~5) &, BEEESKZTVEET
H5EF1D, 22C, RRMBHIOGEREEN7 7
U—FRELETHBEELONTE A, 90 ER
i&, ST TAIER (positional) ICHEE A LD
B RO TRAEETF &7 u—= 7 50%
BIWATL7ze T LEIRE, FELTXVTR
RS & A B —BEZFRECTHRREE T

11

B SRI CEHERAED
RRED KUREE FRIORR ™

RINERRM*Y  #HH B DHERY? WR
WIEY BTk HNREY EHEHEY
BHEEY  FEHLY

Carbonyl stress, Schizophrenia, Preventive medicine

B, A RFET S EROBKE M & 2 1 dysbin-
din ® neuregulinl Z EFELBETFHRE ST
2o UL, ZOHOWET, BET S SNP
(single nucleotide polymorphism) ¥ &EB T
BIb, DBABNISNP B—FELTEIV A 7L
NBPBEBIL L > THBIE TH B &1 =B
ERERBFOTHDB, —F, EERESEETERD
&9 B EEFERT, common disease-common
variant [REUSE DT, &5 LBEEBT (ge-
nome-wide association study ; GWAS) 21T hHh
TWb, MERBAEELZNRE L2 GWAS TY,

20114E 4 A 25 H®HE, 2011411 A 8 02
* 839 BT AR D Y A (20104 11 F) KD

** Perspective of Pathophysiology, Therapeutics and Prevention of Schizophrenia from Point of the View

of Brain Sciences

1) EEREFRATMERHERIERTEE - >0y 27 b (@ 156-8506 FHEEHAX FILR 2-1-6),
Itokawa Masanari, Aral Makoto, Koike Shinsuke, Taxizawa Ryu, Icaikawa Tomoe, MivastiTa Mitsuhiro,
Oxkazaxi Yuji - Project for Schizophrenia and Affective Disorders Research, Tokyo Metropolitan

Institute of Medical Science, Tokyo, Japan

2} W ARESE BRI R, Kasar Kiyoto : Department of Psychiatry, Tokyo University
3) BRERSIAAIRIEGER B!, Department of Psychiatry, Tokyo Metropolitan Matsuzawa Hospital

4) BULEMERMEIERATR L Y &
Psychiatry, Brain Science Institute, RIKEN

— ST REMRIEMEF — 4, Yosmkawa Takeo : Lab. for Molecular

5) HAt kS A2IRES AR BRI IS B ESEMZE £ ¥ & —, Mivata Toshio : Center for Translational
and Advanced Research on Human Disease, Tohoku University Graduate School of Medicine
488-1981/11/ % 50073 3¢/JCOPY

10



1196

FfESE 53%-12% 20114121

£ 1 MEKFEDCHMERE L GWAS THRE I NWBIETOA v X

Rls.k a Obserbed ,GWAS
ratio Odds ratio gene
Ao 10.0
j; 52:? Rich 1990
Ap 14.2
1.10 ZNF8044  Willlams et al. 2010
1.16 CACNAIC Nyegaard et al. 2010
1.87 JARIDZ2  Liu et al. 2009
1.22 GENTG2
1.25 NTRK3
;gg l;%ég Jianxin et al. 2009
1.64 GTF3C4
1.30 TRPAI
1.15 HISTIHZ2B
1.20 PRSS16
1.24 PGBDI1 Stefansson et al. 2009
1.15 NRGN
1.23 TCF4
141 RELIN = Shifman et al. 2008
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