H. Kumano et al. | Journal of Psychiatric Research 41 (2007) 59]-599

Bench CJ, Friston K1, Brown RG, Scott LC, Frackowiak RS, Dolan RJ.
The y of melancholia-focal abnor of cerebral blood
flow in major depression. Psychological Medicine 1992,22:607-15.

Bench CJ, Frackowiak RS, Dolan RJ. Changes in regional cerebral blood
flow on recovery from dep Psychological Medici
1995,25:79-85.

Brody AL, Saxena S, Silverman DH. Alborzian S, Fairbanks LA, Phelps
ME, et al. Brain metabolic changes in major depressive disorder from
pre- o post-treatment  with  paroxetine.  Psychiatry Research
1999,91:127-39.

Buchsbaum MS, Wu J, Siegel BY, Hackett E, Trenary M, Abel L, et al.
Effect of sertraline on regional metabolic rate in patients with affective
disorder. Biological Psychiatry 1997,41:15-22.

Derogatis LR, Morrow GR, Fetting J, Penman D, Piasetsky S, Schmale
AM, et al. The prevalence of psychiatric disorders among cancer
patients, The Journal of the American Medical Association
1983,249:751-7.

Drevets WC, Videen TO, Price JL, Preskorn SH, Carmichael ST, Raichle
ME. A functional ical study of lar depression. The
Journal of Neuroscience 1992;12:3628-41.

Drevets WC, Price JL, Simpson Jr JR, Todd RD, Reich T, Vannier M,
et al. Subgenual prefrontal cortex abnormalities in mood disorders.
Mature 1997,386:824-7.

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

Drev:u WC Bogers W, Raichle ME. Functional anatomical correlates of

drug d using PET measures of

1 gl t European Neuropsychopharmacology

P

Biological

¥
hali

2002;12:527-44.

Dum RP, Strick PL. The origin of corticospinal projections from the
premotor areas in the frontal lobe. The Journal of Neuroscience
1991;11:667-89.

Evans DL, McCartney CF, Nemeroff CB, Raft D, Quade D, Golden RN,
et al. Depression in women treated for gynecological cancer. The
American Journal of Psychiatry 1986;143:447-52.

Fawzy FI, Fawzy NW, Hyun CS, ElashofT R, Guthnie D, Fahey JL, et al.
Malignant melanoma. Effect of an carly structured psychiatric
intervention, coping, and affective state on recurrence and survival 6
years later. Archives of General Psychiatry 1993;50:681-9.

Goodwin Pl, Leszcz M, Ennis M, Koopmans J, Vincent L, Guther H,
et al, The effect of group psychosocial support on survival in
metastatic breast cancer. The New England Journal of Medicine
2001;13(345):1719-26.

Hcrsaka T. Awazu H, Aoki T, Dkuyamn T, Yamawaki S. Screening of

fisorders and major dep in otolaryngology patients
usmu the Hospital Anxiety and Depression Scale. International
Journal of Psychiatry in Clinical Practice 1999,3:43-8.

Inagaki M, Matsuoka Y, Sugahara Y, Nakano T, Akechi T, Fujimori M,
et al. Hippocampal volume and first major depressive episode after
cancer diagnosis in breast cancer survivors, The American Journal of
Psychiatry 2004;161:2263-70

Katon W, Sullivan MD. Depression and chronic medical illness. The
Journal of Clinical Psychiatry 1990:51: Suppl.3-11 discussion 12-4.

Kitamura T. Hospital Anxiety and Depression Scale. Seis-
innkasinndanngaku 1993;4:371-2.
Krishnan KR, McDonald WM, Escal PR, D y PM, Na C,

Husain MM, et al. Magnetic g of the caudate nuclei
in depression: preliminary observations. Archives of General Psychi-
atry 1992:49:553-7.

Levy SM, Herberman RB, Maluish AM, Schlien B, Lippman M.
Prog risk in primary breast cancer by behavioral
and i gical par Health Psychology 1985,4:99-113.

Levy 8, Herberman R, Lippman M, d’Angelo T, Correlation of stress
factors with sustained depression of natural killer cell activity and
predicted prognosis in patients with breast cancer. Journal of Clinical
Oncology 1987:5:348-53.

599

k RJ. The retr | cortex and emotion: new insights from
functional neuroimaging of the human brain. Trends in Neurosciences
1999,22:310-6

Matsui K, Fukuoka M, Masuda N, Kusunoki Y, Negoro S, Takada M,
et al. High-dose Tegalfur (FT) for primary lung cancer: a phase | trnial.
Gan To Kagaku Ryoho 1991,18(4):593-9.

MecDamiel JS, Musselman DL, Porter MR, Reed DA, Nemerofl CB.
Depression in patients with cancer, Diagnosis, biology, and treatment
Archives of General Psychiatry 1995:52:89-99,

Massie MJ, Holland JC. Depression and the cancer patient. The Journal
of Clinical Psychiatry 1990;51:12-7.

Muyberg HS, Liotti M, Brannan SK, McGinnis S, Mahurin RK, Jerabek
PA, et al. Reciprocal limbic-cortical function and negative mood:
converging PET findings in depression and normal sadness. The
American Journal of Psychiatry 1999:156:675-82

Meltzer CC, Kinahan PE, Greer PJ, Nichols TE, Comtat C, Cantwell
MN, et al. Comparative evaluation of MR-based partial-volume
correction schemes for PET. Journal of Nuclear medicine
1999,40:2053-65.

Nakano T, Wenner M, Inagaki M, Kugaya A, Akechi T, Matsuoka Y,
et al. Relationship between distressing cancer-related recollections and
hippocampal volume in cancer survivors. The American Journal of
Psychiatry 2002;159:2087-93.

Ongur D, Drevets WC, Price JL. Glial reduction in the subgenual
prefrontal cortex in mood disorders. Proceedings of the National
Academy of Sciences of the United States of Amenica 1998;95:13290-5,

Petty F, Noyes Jr R. Depression secondary to cancer. Biological
Psychiatry 1981;16:1203-20.

Phan KL, Wager T, Taylor SF, Liberzon 1. Functional neuroanatomy of
emotion: a meta-analysis of emotion activation studies in PET and
MMRI. Neurolmage 2002;16:331-48.

Price JL, Carmichael ST, Drevets WC. Networks related to the orbital and
medial prefrontal cortex: A substrate for emotionul behavior?,
Progress in Brain Research 1996;107:523-36.

Razavi D, Delvaux N, Farvacques C, Robaye E. Screening for adjustment
disorders and major depressive disorders in cancer in-patients. The
British Joumnal of Psychiatry 1990;156:79-83.

Roland PE, Enksson L, Widen L, Stone-Elander S. Changes in regional
cerebral oxidative metabolism induced by tactile learning and
recognition in man. The European Journal of Neuroscience
1989;1:3-18,

Roland PE, Gulyas B, Seitz RJ, Bohm C, Stone-Elander 5. Functional
anatomy of storage, recall, and recognition of a visual pattern in man
Neuroreport 1990;1:53-6.

Sinha R, Lacadie C, Skudlarski P, Wexler BE. Neural circuits underlying

| di in h Annals of New York Academy of
Sciences 2004;1032:254-7.

Smith KA, Moms JS, Fnston KI, Cowen PJ, Dolan RJ. Bramn
mechanisms associated with depressive relapse and associated cogmi-
tive impairment following tryptophan depletion. The British Journal of
Psychiatry 1999,174:525-9.

Tashiro M, Juengling FD, Reinhardt MJ, Mix M, Kumano H, Kubota K,
et al. Depressive state and regional cerebral activity in cancer patients
- a preliminary study. Medical Science Monitor 2001;7.687-95.

Uchitomi Y, Fukase M, Sugihara J. A liason program influences
psychiatric consultation rates in cancer patients at a Japanese gencral
hospital. In: Seventh Annual Meeting of the European Society of
Psychosocial Oncology, 1993; Abstract p. 99

Wise SP. The primate premotor cortex: past, present, and preparatory
Annual Review of Neuroscience 1985.8:1-19,

Yoshikawa E, Matsuoka Y, Yamasue H, Inagaki M, Nakano T, Akechi
T, et al. Prefrontal cortex and amygdala volume in first minor or
major depressive episode after cancer diagnosis. Biological Psychiatry
2006;59(8).707-12.

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatrica Scandinavica 1983,67:361-70




Available online at www.sciencedirecl.com

. ScienceDirect

Neuroscience
Letfters

Neuroscience Lenters 414 (2007) 99-104 ——————————
www.elsevier.com/locate/neulet

Deactivation and activation of left frontal lobe during and after
low-frequency repetitive transcranial magnetic stimulation
over right prefrontal cortex: A near-infrared
spectroscopy study

Naoki Hanaoka, Yoshiyuki Aoyama, Masaki Kameyama,
Masato Fukuda*, Masahiko Mikuni

Department of Psychiatry and Human Behavior, Gunma University Graduate School of Medicine.
3-39-22 Showa-machi, Maebashi, Gunma 371-8511, Japan

Received 7 June 2006; received in revised form 11 September 2006; accepted | October 2006

Abstract

The effects of low-frequency repetitive transcranial magnetic stimulation (rTMS) over the right frontal lobe on the function of the left frontal
lobe were examined by near-infrared spectroscopy (NIRS) in cleven healthy subjects, rTMS applied 5 ¢m anterior to the motor corex at | Hz and
approximately S0% of the motor threshold intensity (MT) for 60s resulied in a significantly larger decrease in the concentration of oxygenated
hemoglobin ([oxy-Hb]) during the stimulation period followed by a significantly larger increase in [oxy-Hb] and a smaller decrease in the
concentration of deoxygenated hemoglobin ([deoxy-Hb]) during the poststimulation baseline period than sham stimulation. These findings are
interpreted as demonstrating the deactivation and activation of the left frontal cortex during and after fTMS of the right frontal cortex, respectively.
If replicated in depressed patients, NIRS can be employed for monitoring rTMS effects as brain [Hb] changes in vivo, and may be helpful for

determining therapeutic parameters of rTMS for individual patients,
© 2006 Elsevier Ireland Ltd. All rights reserved.
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, Therapy

Repetitive transcranial magnetic stimulation (rTMS) has been
increasingly employed for the treatment of depression since
it was first reported n 1996 [23], and its effectiveness has
been demonstrated in several randomized trials [4,7,10,12,15].
Most of the studies on depression treatment used high-frequency
rTMS delivered over the left prefrontal area [3] because depres-
sion is hypothesized to arise from dysfunction of the left
prefrontal cortex [6] and high-frequency rTMS exceeding 1 Hz
is considered to have a facilitatory effect on the brain stimulated
[24].

However. high-frequency rTMS, in general, might be accom-
panied by a risk of inducing convulsions, as the most serious
complications of rTMS [28], although this occurs very rarely
when rTMS is conducted according to the safety guidelines for
TMS experiments suggested by Wassermann [28]. Such a risk

* Comesponding author. Tel.: +81 27 220 8185; fax: +81 27 220 8187
E-mail address: Tkdpsy @med.gunma-u.ac.jp (M. Fukuda)
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has led to an interest in a possible alternative rTMS method
for depression treatment: low-frequency rTMS over the right
prefrontal cortex. In fact, two recent reports demonstrated com-
parable antidepressant effects of low-frequency rTMS over the
right prefrontal cortex and high-frequency rTMS over the left
prefrontal cortex in depressed patients: | HzrTMS over the right
prefrontal cortex versus 10 Hz rTMS over the left prefrontal cor-
tex [4] and 1 Hz rTMS over the right prefrontal cortex versus
20 Hz rTMS over the left prefrontal cortex [8].

Mechanisms underlying the antidepressant effects of rTMS
have been examined using positron emission tomography
(PET) and single-photon emission computerized tomography
(SPECT), and the results generally demonstrated opposite direc-
tional changes between high- and low-frequency stimulations.
rTMS over the left prefrontal cortex in depressed patients
resulted in regional cerebral blood flow (rCBF) increases in the
left prefrontal cortex and related brain structures when delivered
at 20 Hz and in rCBF decreases in the right prefrontal cortex and
left subcortical brain structures at 1 Hz in a PET swudy [26]. Sim-
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ilarly, high- (15 Hz) and low-frequency (1 Hz) rTMS over the
left prefrontal cortex in depressed patients resulted in an overall
increase and a slight decrease in rCBF in the left dorsolateral
prefrontal cortex and related brain structures, respectively, in a
SPECT study [16].

Mechanisms underlying the antidepressant effects of rTMS
have also been examined using near-infrared spectroscopy
(NIRS), a recently developed technology that enables the assess-
ment of cerebral blood volume (CBV) changes by monitoring
the concentrations of oxygenated ([oxy-Hb]) and deoxygenated
hemoglobin ([deoxy-Hb]) with high time resolution [11]. NIRS
has two main advantages over PET, SPECT, and functional mag-
netic resonance imaging (fIMRI1) in investigating brain responses
to TMS: its natural measurement setting with subjects in the sit-
ting position and without requiring a gantry, and simultancous
measurement during rTMS.

Five studies that employed NIRS with TMS have been pub-
lished. Single-pulse stimulation over the left motor cortex (M1)
of healthy subjects was reported to cause [oxy-Hb] increases at
90 and 110% of active motor threshold intensity (AMT) [19]
and [deoxy-Hb] decreases without [oxy-Hb] changes at 140%
AMT [17]. rTMS over the right frontal cortex of healthy subjects
was reported to increase [oxy-Hb] in the stimulated area imme-
diately after the stimulation [22] and decrease [oxy-Hb] in the
contralateral M1 during the stimulation in a preliminary study
[9]. In depressed patients, smaller [Hb] changes attributable to
a mental task were associated with subsequent better clinical
responses to 10 Hz active rTMS [2].

NIRS data obtained simultaneously with rTMS may help in
establishing the proper location and optimal intensity of rTMS in
depression treatment. As far as we surveyed, however, there has
been no NIRS study that examined the effect of low-frequency
rTMS over the right frontal lobe on the left frontal lobe function
changes induced by rTMS. Hence, in the present preliminary
study, we investigated left frontal lobe function by NIRS dur-
ing low-frequency rTMS over the right frontal lobe in healthy
subjects.

Eleven healthy volunteers (10 males, | female) participated
in the study after giving their written informed consent (Table 1).
None of them had a personal or family history of convulsions
or had pacemakers or metal hardware implanted in their skull.
All the subjects were determined as right-handed on the basis

Table |

Characteristics of subjects

No Sex Age Handedness MT (%)
| M 38 R (26) 52
2 15 R (36) 70
3 M 45 R (35) 77
4 M 29 R (36) 67
5 M 43 R (36) 66
6 M 29 R(27) 41
7 M 29 R (36) 53
8 M 31 R(36) 52
9 M 26 R (36) 77

10 M 7 R (36) 60

1 F 32 R (36) 72

of the Edinburgh Handedness Inventory [21], The present study
had been approved by the Institutional Review Board of the
Gunma University Graduate School of Medicine, and all the
experimental procedures strictly followed the safety guidelines
for TMS experiments suggested both by Wassermann [28] and
by the Japanese Society of Clinical Neurophysiology [1].

The right M1 position was identified by single-pulse TMS,
and the sites of frontal rTMS were determined as points 5cm
anterior to M1s as generally employed [6].

Under the active condition, rTMS was applied in three ses-
sions without intervals using Magstim Rapid and a figure-of-8
coil (Magstim Company, UK). Each session consisted of a pres-
timulation baseline period of 205, an rTMS period of 60 s, and a
poststimulation baseline period of 120 s. Stimulation frequency
and intensity were set at | Hz and 100% MT, respectively. Stim-
ulation mtensities over the scalp, however, were confirmed to
be reduced approximately 50% using the eXimia NBS system
(Nexstim Ltd.. Finland) because the TMS coil was set 1.5¢cm
apart from the scalp to avoid artifacts attributable to its contact
with the NIRS probes. Therefore, the subjects neither had spasms
nor felt pain under the active condition. We had confirmed the
efficacy of 50% MT stimulation in our preliminary study: TMS
at 50% MT, but not at 30% MT, causes the NIRS signal changes.
Under the sham condition, a figure-of-8 coil positioned 50 cm
behind the subjects was employed. Only click sounds, but no
surface stimulation, were delivered. The subjects were required
1o copy a landscape picture or a cartoon on a PC screen during
the three sessions according to the method of Watanabe et al
[29] to reduce sleepiness.

Brain activation during TMS was monitored by measuring
[Hb] changes over the left hemisphere using a multichannel
NIRS apparatus (ETG-100, Hitachi Medical, Japan) with a time
resolution of 0.1 5. And its channel |1 corresponding to a sym-
metrically opposite TMS position (Fig. 1).

[Oxy-Hb] and [deoxy-Hb]| data were averaged across three
sessions within each subject for each channel after excluding

Fig. |. Experimental setting. The rTMS coil was positioned over the right pre-
frontal cortex, and the NIRS probe was set over the lefl frontal lobe. NIRS
1 b lobin conc jon in three midpoints between emission and

detector probes (channels 1, 2, and 3)
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data with motion artifacts. The intraindividually averaged [Hb]
data of all the subjects were grand-averaged, and then com-
pared between the active and the sham stimulation conditions
using the blocked and sequential paired f-test: the blocked r-
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test for the mean data across 60 s during the stimulation (block
A) and the first half (block B) and the second half (block
C) of the poststimulation period, and the sequential r-test for
the data of every measurement point. Differences between the
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two conditions were interpreted as statistically sigmficant when
they reached 1.7% of the significance in the blocked r-test and
when they reached the 5% significance level across 50 con-
secutive points (5s) during the stimulation and poststimulation
periods in the sequential r-test for the correction of multiple
comparisons.

All the subjects underwent the experiment without severe
side effects.

The grand average [Hb] data of all the subjects are presented
for three NIRS channels (Fig. 2) Under the active condition
(Fig. 2, left), [oxy-Hb| decreased gradually during the stimu-
lation period, then increased around the end of the stimulation
period, continued to increase beyond the baseline, and peaked
approximately 100-120s after the end of stimulation. Under
the sham condition (Fig. 2, right), similar but much smaller
[oxy-Hb] changes were observed. As for [deoxy-Hb], constant
decreases in [deoxy-Hb] were observed both under the active
and sham conditions.

In the blocked r-test, [oxy-Hb] significantly decreased dur-
ing the stimulation in channels 1 and 2 and tended to increase
during the second half of the poststimulation in channels 2
and 3 (Fig. 3 upper). [Deoxy-Hb] changes were not statisti-
cally significant (Fig. 3 lower). In the sequential r-test, [oxy-Hb]
decreases were significantly larger during the stimulation period
in channel 1 (time, 33.9-39.2), channel 2 (times, 25.0-34.0
and 34,9-87.8), and channel 3 (time, 56.6-61.7), and [oxy-Hb]
increases were significantly larger at the end of the post-
stimulation baseline period in channel 1 (time, 177.0-187.1
and 192.3-198.9), channel 2 (time, 175.0-200.0), and chan-
nel 3 (times, 152.0-159.1, 174.8-181.2 and 193.6~199.7) under

3-

21

1

ch1ch2 chl

g g chi ch2 ch3 chi cha chd
819
5

‘Z|

.33 -

43

-

-5 T T T
oxy-Hb  block A block B block C

3

2

1
d 0- 1 en2 end Ehiche S Lol
B -1
c
*.2

-3

"

-5 - r
deoxy-Hb block A block B block C

Fig. 3. Results of blocked r-test comparing [oxy-Hb] (upper) and [deoxy-Hb)
(lower) between active and sham conditions. 1-Value for the mean data across 60 5
during the stmulation (block A) and the first half (block B) and the second hall
(block C) of the poststimulation period, Positive and negative values correspond
to greater and smaller [Hb], respectively, in the active condition.

- 1 Hz 80 sec 3
stimutation

anjead
hhbhiganwsn
;5 :
-
3
4
q
=
P
e

1 —
0 20 40 60 B0 100 120 140 160 180 200
5 ch1 Hb (sec)
3 73
i e i
J 1
é.? > Sk f\!l .
5, I
e e ==
f 'm'ﬁnru = N SRS R RS e -
51 Y Bdih 2
0 20 40 60 B0 100 120 140 160 180 200
g ch2 Hb (sec)
‘ s I
3 A W ) ﬂf
e f - % A
50 hnd AV | bed . AP
g S alaana VS 7 VY —- =
& A Bbas 8 B AL
3 Ly —
L e M
! 1
0 20 40 BO 100 120 140 160 180 200
ch3Hb (sec.)
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the active than under the sham condition (Fig. 4). A similar
paired r-test of [deoxy-Hb] demonstrated significantly smaller
[deoxy-Hb] decreases during the poststimulation period in chan-
nel 1 (time, 119.9-125.3,) and channel 3 (times, 117.2-123.4
and 162.0-167.3) under the active than the sham condition
(Fig. 5).

In the present study, we investigated the left frontal lobe func-
tion changes during 1 HzrTMS over the right frontal cortex in the
healthy subjects using NIRS, and demonstrated significant larger
loxy-Hb] and smaller [deoxy-Hb] changes than under the sham
condition: larger [oxy-Hb] decreases during the stimulation
period and larger [oxy-Hb] increases and smaller [deoxy-Hb|
decreases during the poststimulation baseline period. This is the
first NIRS study carried out to examine brain activation in the
hemisphere contralateral to that stimulated. Regrettably, direct
NIRS measurement over the stimulated brain regions was not
possible because of technical problems in TMS and NIRS probe
positioning.

The effects of frontal TMS on the contralateral frontal lobe
function have been investigated in sixteen studies, as far as we
surveyed, using other technologies such as PET, SPECT, fMRI,
and Doppler ultrasonography. Thirteen out of sixteen studies
employed left frontal stimulation, two right frontal, and one both
right and left stimulations. Left frontal stimulation resulted in
inconsistent findings; for example, rCBF in the stimulated and
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contralateral prefrontal cortex was negatively correlates with
rTMS intensity in a PET study (1 Hz; 80-120% MT) [27]; bilat-
cral prefrontal activation was demonstrated by TMS over the
left prefrontal cortex at 1 Hz-100% MT in two [14,18] and at
1 Hz-120% MT in one fMRI study [18]; CBF does not increase
ipsilateral and decreases in the contralateral prefrontal cortex
in a SPECT study [5]. Moreover, a PET study comparing high-
and low-frequency stimulations over the left and right prefrontal
cortices showed larger rCBF increases in the right PFC by | than
10 Hz left PFC stimulation, and rCBF increases in the left PFC by
1 Hz right PFC stimulation without any effect on the stimulated
site [13].

These inconsistent results can be explained by differences in
several factors among the studies.

Two right frontal stimulation studies demonstrated the same
left frontal activation: Middle cerebral arterial blood flow veloc-
ity decreases and tends to increase in the ipsilateral and the
contralateral hemispheres, respectively, 10 min after TMS over
the right dorsolateral prefrontal cortex (0.9 Hz, 90% MT, 10 min)
[25]. Cercbral blood flow increases in the ipsilateral and the
contralateral hemispheres during and after TMS over the right
dorsolateral prefrontal cortex (1 Hz, 100% MT, 100 stimuli) in
a PET study [20].

The delayed activation of the contralateral hemisphere by pre-
frontal TMS in the above two studies is in agreement with the
results of the present study, and is assumed to be important for
considering the therapeutic effects of prefrontal rTMS in depres-
sion in two points. First, the finding that low-frequency rTMS
over the right frontal cortex activated the left frontal cortex can
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explain the antidepressant effect of such type of rTMS because
the left frontal lobe function is hypothesized to be impaired in
depression [6]. Second, the delayed timing of the activation of
the left frontal lobe can explain the time course of the antidepres-
sant effect of frontal rTMS in depression. Depressed patients
experience an improvement of depressive symptoms not dur-
ing the stimulation but after TMS sessions. Such time course
data can be obtained by virtue of the high time resolution of
NIRS. Such delayed timing of activation could underlie the accu-
mulated prefrontal activation in minute order by repeated TMS
sessions in an fMRI study [14].

If the findings in the present study are replicated in depressed
patients, NIRS can be employed for monitoring rTMS effects as
brain [Hb] changes in vivo, and may be helpful for determining
therapeutic parameters of rTMS for individual patients. Further
studies are needed.
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There is evidence that GABAergic neurotransmission is
altered in mental disorders such as schizophrenia (SCZ)
and bipolar disorder (BPD). The calcium-binding proteins
{CBPs) calbindin (CB), calretinin (CR), and parvalbumin
(PV) are used as markers of specific subpopulations of
cortical GABAergic interneurons. We examined the post-
mortem prefrontal cortical region (Brodmann’s area 9) of
paticats with SCZ and BPD, and of age-matched control
subjects, excluding suicide cases. The laminar density of
neurons immunoreactive (IR) for three CBPs, namely CB,
CR, and PV, was quantified. The densities of CB-IR
neurons in layer 2 and PV-IR neurons in layer 4 in the SCZ
subjects decreased compared with those in the control sub-
jects. When CBP-IR neurons were classified according to
their size, a reduction in the density of medium CB-IR
neurons in layer 2 in SCZ subjects and an increase in the
density of large CR-IR neurons in layer 2 in BPD subjects
were observed. These results suggest that alterations in
specific GABAergic neurons are present in mental disor-
ders, and that such alterations may reflect the vulnerability
toward the disorders.
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INTRODUCTION

GABAergic neurons provide both inhibitory and disinhibi-
tory modulation of cortical and hippocampal circuits and
contribute to the generation of oscillatory rhythms,
discriminative information processing and the gating of
sensory information within the corticolimbic system. In
previous studies, it was suggested that these functiors are
altered in schizophrenic (SCZ) subjects'™ GABAergic
function also contributes to the control of impulsive and
aggressive behaviors, and drugs such as carbamazepine,
valproate, and lithium carbonate. which have been
reported to change the levels of GABA and glutamic acid
decarboxylase (GAD) activity,"” have been used as mood
stabilizers in the treatment of bipolar disorder (BPD) to
reduce impulsive and aggressive behaviors. These drugs
have also been used as adjunct therapy to antipsychotics in
the treatment of SCZ.*'" In these reports, it was suggested
that GABAergic neurotransmission is altered in mental
disorders such as SCZ and BPD.

In the prefrontal cortex (PFC) of SCZ subjects, a
reduced number of neurons expressing the mRNA for the
67-kDa isoform of GAD,"" and a high density of GABA,
receplor subunits™* have been reported, whereas in the
anterior cingulate cortex (ACC) of SCZ subjects, an
increased number of GABA 4 receptors,” and increases in
the size of GADg-immunorecactive (IR) terminals™ are
indicated, The high-intensity immunoreactivity of GABA,
receptor subunits"™" in PFC and a reduction in the density
of GAD-IR terminals in PFC and ACC'" have been also
described in BPD subjects. These findings sugegest that
there is a specific deficit in GABAergic inhibitory neurons
in these disorders.
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Cortical GABAergic cells can be calegorized by the
colocalization of neuropeptides, including somatostatin,
cholecystokinin, neuropeptide Y, and vasoactive intestinal
polypeptide.”"* Somatostatin, neuropeptide Y, vasoactive
intestinal polypeptide and cholecystokinin concentrations
are reduced in SCZ subjects,” and neuropeptide Y mRNA
expression is reduced in BPD subjects.®*

GABAergic neurons can also be classified by the pres-
ence of the calcium-binding proteins (CBPs) parvalbumin
(PV), calbindin (CB). and calretinin (CR).*** CB, PV and
CR are present in non-pyramidal GABAergic neurons,
which participate in various primate cortical circuits that
may differ depending on the species, cortical area and
layer in which they are located. CR is found in double-
bouquet neurons, bipolar cells and Cajal-Retzius cells, CB
is found in neurogliaform neurons and double-bouquet
cells, and PV is found in chandelier and wide arbor
(basket) neurons, and each calcium-binding protein is
expressed in separate populations of prefrontal cortical
neurons.”**

Previous studies in which these CBPs were used as
markers of GABAergic neurons in the prefrontal cortex
did not show consistent results: a trend towards increases
in the densities of CR-IR and PV-IR neurons;” reductions
in the densities of CB-IR neurons™ ™ and PV-IR neurons in
the PFC of SCZ subjects;”" and no changes in the density
of CR-IR™ or PV-IR" neurons. Similarly, a decrease in
the density of CB-IR neurorts* and no change in CBP-IR
neuron density” were also found in the PFC of BPD sub-
jects. However, in most of these studies, SCZ and BPD
subjects including suicide subjects were examined; control
subjects were not suicidal. Moreover, the number of
reports on CBP-IR neurons in the postmortem brain of
BPD subjects is still small.

Therefore, the following questions arise. (i) If these
studies excluded suicide subjects, would there be any alter-
ations in density and distribution of CBP-IR neurons in
subjects with these disorders? (ii) Are there consistent
changes in the postmortem tissue of subjects with BPD?

T Sakai et al.

(iii) If the CBP-IR neurons are classified according to size,
are there alterations in the cellular distribution in the PFC
in subjects with these disorders?

To address these points, we quantified the densities of
interneurons immunoreactive for PV, CB, and CR in the
prefrontal cortical region of subjects with SCZ and BPD,
and of age-matched control subjects, excluding suicide
subjects,

METHODS AND MATERIALS

Participants

Human brain specimens from Brodmann's area 9 (BAY)
were obtained from the Tokyo Institute of Psychiatry and
Matsuzawa Hospital (Tokyo, Japan). The samples were
obtained from 19 subjects (5 control, 7 SCZ, and 5 BPD
subjects). Diagnoses were made according to DSM-IV eri-
teria. Detailed case summaries were provided with demo-
graphic and clinical information (see Table | for group
summary details). Subjects with a past history of neurologi-
cal diseases and those whose death was caused by suicide
were excluded, This study was approved by the Ethical
Committee of Tokyo Metropolitan Matsuzawa Hospital,
and the specimens were provided with the consent of the
patients before death or of the family.

Immunocytochemistry

Hemispheres were lixed in 10% formalin and cut in frontal
sections of roughly 1 cm thickness. The slices were embed-
ded in paraffin. From these embedded blocks, serial
sections of 4 um thickness were prepared.

Three tissue sections per subject were used in each of
the three investigations. Deparaffinized sections were incu-
bated with either polyclonal anti-CB (1:100 Sigma, St
Louis, MO, US), polyclonal anti-CR (1 : 1000 Sigma), or
polyclonal anti-PV (1 : 800 Abcam, Cambridge, UK) anti-
bodies overnight at 4°C. Sections were processed using the

Table 1 Group summaries of demographic and clinical information on the brains donated by the Tokyo Institute of Psychiatry and

Matsuzawa Hospital

Variable Group
Control BPD SCZ
Demographics
Age at death in years (mean + SD) 568+ 581 54.6 £ 986 474 4+ 7.63
Gender (male : female) 2:3 1:4 3.4
Clinical factors
Cause of death 3a,2b da, 1d 2a,1c. M, 1e
Duration of disorder in years (mean £ 5D) — 210+ 183 290+ 7.02
Past alcohol/drug abusc or dependence (no: yes) 4:1 5:0 6:1

The cause of death is categorized under the following headings: a, heart and respiratory failure; b, liver failure; ¢, renal failure; d, cancer, and ¢,

thyroid crisis. BPD, bipolar disorder, SCZ, schizophrenia.
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streptoavidin-biotin peroxidase method and a Histofine
SAB-PO kit (Nichirei, Tokyo. Japan), visualized using
diaminobenzidine (DAB) and intensified with osmic acid.
Control sections, in which the primary antibody was
omitted, were processed in parallel. Sections were counter-
stained with hematoxylin for 10 sec.

To identify the cytoarchitecture and cortical layers
of BA9* sections usually adjacent to or within 20 pm
from the immunostained sections were stained with
hematoxylin.

Areal density and cell size measurement

PV-,CR-, and CB-IR neurons were analyzed by two inves-
tigators (TS and AO). The methods of image and quanti-
tative analysis were identical for each investigation.

Immunoreactive cells were plotted at 4x magnification
using a Nikon microscope (Eclipse E800) equipped with an
Olympus digital camera (DP 50). Using the software View-
finder Lite ver.1.0 and Studio Lite ver.1.0 (Pixera Japan,
Kanagawa, Japan), we obtained a series of contiguous
images of the cortex from the pia to the gray/white matter
border, from which a single composite image was formed
using Adobe Photoshop CS.

Sections stained with hematoxylin for identification
were analyzed using Image-J software ver.1.34 to measure
cortical and laminar thicknesses and to count the number
of cells in each layer. Cortical layers were distinguished on
the basis of the differences in the distribution, size and
shape of their neurons.™ Al each position in which data
were acquired, immunorcactive cells were counted for
cach layer. The density of neuronal profiles was expressed
as mean values (+ SE) per mm’ per layer from a total of
two 1000-pm-wide cortical traverses, each from the pial
surface to the white matter border. Cortical traverses were
located in an area devoid of damage and blood vessels and
where the pial surface was parallel to the white matter
border.

We used a semiautomated threshold to identify and
outline all stained cells within the composite images. The
threshold of the light intensity level was selected for each
image so that the glia and neurons were well outlined.
Neurons were identified by the presence of a stained cyto-
plasm and by their generally larger shape. Glia were dif-
ferentiated from neurons by their more rounded and
darker appearance, and smaller shape.

For each case and section, the somal size of each cell
counted was measured using Image-J software, and each
IR-neuron was classified into two classes according to their
size. The size range was determined using the mean and
SD of the size of the cells of the control subjects as
follows: medium (within mean + 1 SD). large (larger than
mean + 1 SD).

© 2007 Japanese Society of Neuropathology

Statistical analysis

‘The relative density of labeled neurons from the two cor-
tical traverses was averaged for each cortical layer in each
case, and the results were analyzed by two-way anova fol-
lowed by the Bonferroni or Tamhane test using layers and
diagnoses as variables. Following this analysis, the mean
densities of PV-, CB-, and CR-IR neurons in each cortical
layer for each of the two patient groups were compared
with those of the control group by one-way anova, which
enabled us to determine disease and laminar specificity.

The demographic and histological variables listed in
Table 1, for example age and sex, were considered to be
confounders, and were therefore included in the analysis as
covariates if they differed between each group at the 10%
significance level (Anova or ¢ test) or if they could also be
shown empirically to predict densities at the 10% signifi-
cance level (Spearman’s rank correlation). All statistical
analyses were carried out using SPSS 12.0 software (SPSS
Japan Inc., Tokyo, Japan.).

RESULTS

Identification of adjustment variables

Because no significant group differences were detected for
the demographic or clinical variables at the 10% signifi-
cance level (aANova or ° test) (Table 1), these variables
were not included in the analysis as covariates.

Neurons and glia

Significant reductions in neuronal density were detected by
two-way ANOVA in the BPD subjects (P = 0.038) and SCZ
(P= 0.002) subjects. The neuronal density determined
at each layer comparison showed reductions in layer 3
(22%, P <0.001), layer 4 (31%, P <0.001), and layer 5/6
(28%, P = 0.006) in the SCZ subjects, and in layer 4 (28%,
P =0.031) in the BPD subjects, and even after Abercrom-
bie correction changes in the same direction were esti-
mated. However, no significant differences in the somal
size of neurons were observed. There was no change in glial
density in any of the layers in the psychiatric disorder
groups compared with that in the control group, and no
change in ghal size was observed.

CBP-IR neurons

CB-IR neurons were present predominantly in layer 2 and
the superficial layer 3. The majonty of these cells corre-
sponded to non-pyramidal neurons, and showed intense
immunoreactivity, and the minority were pyramidal in
shape with a low immunoreactivity (Fig. 1). CR-IR
neurons also appeared to be non-pyramidal neurons that

— 86—



146

T Sakai et al.

Fig. 1 Cells labeled by immunoreactiv-
ity to calbindin in layer 2 (a), calretinin in
layer 1 (b) and layer 3 (¢), parvalbumin in
layer 3 (d), and labeled by low immu-
noreactivity to calbindin in layer 3 (¢) of
control subjects (bar = 20 um).

Table 2 Densities (mcan + SE cells/mm’) of calcium-binding-protein-immunoreactive neurons in BAY in schizophrenia (SCZ), bipol

disorder (BPD), and control (CON) groups

Calcium-binding protein  Cortical layer Diagnosis
CON (n=5) BPD (n=35) SCZ(n=T7)
Medium Large Medium Large Medium Large
Calbindin 1 340+ 1.69 0.51+051 0 0 0.84 £0.60 0
2 64.48 £7.61 1132+4.01 46.20+547 235+£1.13 3229+733* 0301030
3 32.14 £13.03 221£0.67 1327509 054 £ 0.41 1380+ 398 0.71£029
4 15.54 £ 9.81 327+287  353:217 036+ 0.36 291+124 028:028
56 734 +4.14 1.29+129  207+1.05 038+0.25 282+ 1.51 0.07£0.07
Calretinin 1 1898+ 509 351£137  2015+7.02 225+095 403192 1.03:1.03
2 56.38 + 6.90 552%1.63 56.46%9.07 1711 £3.76* 2947+7.94 278+ 144
3 2274+ 481 426+123 21.08B+292 7.0 £1.80 1052 £ 2.86 1.29 £ 0.59
4 759+321 1.87+088  6.18+294 0.68 + 0.68 4804£213 1.11+£096
5/6 1642074 012£012 1.93+0.72 034+0.14 068+0.19 017+£017
Parvalbumin 1 1.82£091 2401 1.61 0 0.65 £ 0.65 0
2 3633+ 6.06 1.51£069 2879+3.19 303£117 19414531 0
3 41.15£3.92 9.28+239 35811389 9.48£3.64 30.53+£347 333112
+ 57604684  1248+379 6025+410 11574333 45104359 2874137
5l6 2082+2.63 200089 2043+299 4364170 12924167 0624024
*P <0.05.

were present in all the layers, but were predominantly
present in the superficial layers such as layers 2 and 3
(Fig. 1). PV-IR neurons were mainly distributed from the
intermediate to inferior layers, and consisted of some mor-
phologically distinctive neurons, including small ovoid-
type and large multipolar neurons (Fig. 1). A plexus of
PV-IR material was also distributed throughout the neu-
ropil of layers 3, 4, and 5/6 and consisted of stained pro-
cesses and puncta, which have been identified as terminals
principally found on dendritic spines™ Summaries of the
mean densities and sizes for cach neuronal subpopulation
in each layer are shown in Table 2 and Figure 2.

CBP-IR neurons were classified into medium and large
classes according to size at the data acquisition points using
mean + 1 SD of the size of the cells of the control subjects
as follows: CB-IR neurons, 318 um% CR-IR neurons,
231 pm?; PV-IR neurons, 533 pm’.

Density

Neuronal density was reduced in the SCZ and BPD sub-
jects, and this variable was included in ANovaA as a covariate
for evaluating CBP-IR neuron density; however, no signifi-
cant correlations were obtained between neuronal density
and CBP-IR neuron density, and therefore CBP-1R neuron
densily was analyzed by anova. Before the classification
according to cell size, no significant differences were
detected by two-way anova between the control group and
the psychiatric disorder groups, but there was a trend
toward reductions in CB-IR (P =0.061), CR-IR (P =0.061)
and PV-IR (P = 0.093) neuron densities in the SCZ group.
The total CBP-IR neuron density in each layer was esti-
mated, and the CB-IR neuron density in layer 2 (57%,
P =0.007), and PV-IR neuron density in layer 4 (32%,
P=0.031) in the SCZ group were reduced compared with

© 2007 Japanese Society of Neuropathology
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Fig.2 Composite  image  showing
calcium-binding protein-immunoreactive
neurons. ‘The composile images were
made up of a series of contiguous images
obtained individually at x4 magnification,
that were merged to form a single large
image. (bar = 200 pm)

those in the control group. In the BPD group, no significant
difference was noted. After classifying the cells by size,
medium CB-IR neuron density was found to be reduced in
layer 2 1n the SCZ subjects (50%, P =0.018B), and large-
CR-IR neuron density in layer 2 in the BPD subjects (68%,
P =0.015) was increased compared with those in the
control subjects (Table 2). No differences in the density of
any PV-IR neuron types were detected in the BPD or SCZ
subjects, but trends toward decreases in large-PV-IR-
neuron density in layer 4 (77%, P = 0.075) and in medium-
PV-IR-neuron density in layer 5/6 (38%, P =0.089) in the
SCZ subjects were noted.

Abercrombie correction

After Abercrombie correction, the estimated CBP-IR
neuron density ratios indicated the same changes as those
described above. These were a reduction in medium-class
CB-IR neuron density ratio in layer 2 in the SCZ subjects
(P =0.024),a trend toward a reduction in large-class PV-IR
neuron density ratio in layer 4 in the SCZ subjects (P =
0.075),and an increase in large-class CR-IR neuron density
ratio in layer 2 in the BPD subjects (P = 0.017). However,
there were no significant changes in the ratios of the total
counts of PV-IR neurons in layer 4, and of medium-class
PV-IR neurons in layer 5/6.

DISCUSSION

IR neurons

In this study, we found significant reductions in the density
of CB-IR ncurons in layer 2 and PV-IR ncurons in layer 4
of the PFC in 8CZ subjects (in the between-layer compari-
son), In addition, when CBP-IR neurons were divided into
two classes according o their size, a reduced density of
medium-class CB-IR neurons in layer 2 in the SCZ sub-
jects was also observed, We found no significant changes in
either of the two types of PV-IR density, but there was a

© 2007 Japanese Society of Neuropathology

trend toward a reduction in large-PV-IR neuron density in
layer 4 in the SCZ subjects. These results confirm those of
previous studies on the PFC, which showed reductions in
the density of CB-IR neurons®® or PV-IR cells™" and
suggested no significant changes in CR-IR neuron density
in the SCZ subjects.”* This study supports the evidence
that there is a deficit in GABAergic neurotransmission in
SCZ,

No significant changes in CBP-IR neuron density
between layers in the BPD subjects were found, which is
consistent with the results of a report showing no changes
in CBP-IR neuron density” in the dorsolateral PFC in
BPD subjects. However, when IR cells were classified by
size, there was an increased density of large CR-IR
neurons in layer 2 in the BPD subjects, and also notably
a non-significant but 28% reduction in CB-IR neuron
density in the BPD subjects compared with the case of the
control subjects (Table 2), which confirms the findings of a
previous study™ These results suggest alterations in the
cellular organization of CR-IR and CB-IR cells, and it is
possible that an increase in CR-IR neuron density may be
secondary to a reduction in CB-IR neuron density, or vice
versa. Because we found no differences in neuronal density
in layer 2 in the SCZ or BPD subjects, our findings on
CBP-IR neurons may not depend on a reduction in cell
number but rather on a decrease in protein expression.

Because non-suicidal subjects with psychiatric disorders
were compared with control subjects, the findings in this
study are free from additional effects of suicidal symptoms
and actions. Suicide is the most serious outcome of mental
disorders, and suicide cases usually present emotional
instability and other severe symploms immediately before
death, Most previous studies compared psychiatric sample
groups including suicide subjects, who amounted to half
the total number of subjects or more, with control groups
without any cases of suicide. When suicidal subjects were
excluded, influence of mental state before suicide and of
suicide actions would be avoided. The deficits in the
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subpopulations of GABAergic neurons that were observed
in this study may reflect cytoarchitectural abnormalitics
which constitute vulnerability to SCZ or BPD, but as our
data are still preliminary, so a definite conclusion should be
left to more rigorous and large-scale studies.

In addition, the distribution of the CBP-IR neurons
classified in two types according to their size was exam-
ined, and a speculation about differences in IR-neuron
activity between groups is possible. Because neuronal
somal size is considered to be correlated with the extent
of a cell's dendritic arborization,”" a reduced neuronal
somal size suggests diminished neuronal activity, and the
changes in cellular organization also indicate alterations
in neurotransmission. In this regard, the reductions of
medium-class CB-IR neurons and large-class PV-IR
neurons suggest deficits in neurotransmission between
proximal neurons and between distal neurons, respectively,
in SCZ in PFC (BAY), and the increase in large CR-IR
neuron density may be related to the potentiation of
GABAergic transmission in BPD.

Methodological and confounding factors

We determined two-dimensional, not three-dimensional,
cell density. The chief problem with two-dimensional
counting is that there is a possibility of overcounting and
creating a bias. However, this bias can be corrected using
formulae.” Although unbiased three-dimensional counting
is superior when there are group differences in cell size,
two-dimensional counting methods, which use large sam-
pling frames, provide more accurate estimates of cell
density than their three-dimensional counterparts if the
confounding effect of cell size is correctly adjusted for
using Abercrombie correction.” Another potential advan-
tage of two-dimensional counting is that three-dimensional
counting, which uses large sampling frames, makes inap-
propriate assumpltions on complete spatial randomness for
neurons, which could bias results® The results of this
analysis did not differ from those carried out on unadjusted
data,

Because it is difficult to perform immunocytochemistry
with three types of antibody at a time in thick sections
which are typically used in three-dimensional counting, we
used the antibody for each CBP in three separale sections.
The thicknesses of these serial sections were all 4 um,
16 pm in total, such that the size is smaller than the diam-
eter of one neuron. Therefore, it is safely assumed that all
three CBP-IR neurons are distributed in the column in
which a single neuron exists.

In this study, the influence of major potential confound-
ers on measures of CBP-IR ncurons was examined. No
significant differences at the 10% significance level (anova
or y’ test) were detected for the demographic or clinical

T Sakat et al.

variables shown in Table 1. There were also no significant
differences and correlation in some other potential con-
founders such as postmortem interval and time from fixa-
tion to specimen making (data not shown). Therefore our
data are presumably specific to cach diagnostic group and
not artifacts of these confounders.

Our present data suggest that there are GABAergic
dysfunctions in schizophrenia and bipolar disorder.
However, because GABAergic neurons are subdivided by
other coexisting proteins such as somatostatin, vasointens-
tial polypeptide (VIP), and cholecystokinin (CCK), it is
necessary to investigate these alternate subtypes of
GABAergic neurons to comprehensively determine the
nature of GABAergic abnormalitites in these disorders.
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Abstract

Objectives: To examine in patients with mood disorders the relationship of age at onset with the location and degree of MRI-defined
brain hyperintensities.

Method: Fifty-two patients diagnosed as having mood disorders and 14 controls participated in the study. Brain MR images were ana-
lyzed according to semiquantitative ratings for the anatomical distribution and severity of T2-weighted hyperintensities. We compared
these hyperintensities among the three age- and sex-matched groups of late-onset mood disorder patients (LOM), early-onset mood dis-
order patients (EOM), and controls. The time since the onset of disorder was significantly longer in the EOM than in the LOM group.
We also conducted linear multiple regression analysis using the severity of hyperintensities as dependent variable to determine whether
the clinical features correlate with vascular pathology.

Results: As for deep white matter hyperintensity (DWMH), LOM exhibited higher ratings than EOM; as for brain areas, significant
between-group diffe were detected in the bilateral frontal areas and in the left parieto-occipital area. No significant difference
was observed between EOM and controls. As for periventricular hyperintensity, there was no difference among the three groups. We
obtained a significant regression model to predict DWMH ratings; age, number of ECTs, and LOM were selected as significant vanables.
Conclusion: The present study suggests that the time since the onset of disorder does not affect the development of white matter lesions,
but that white matter lesions are associated with late-onset mood disorders. The frontal areas and the left parieto-occipital area would be
important for the development of late-onset mood disorders.

@ 2007 Elsevier Ltd. All rights reserved.

Keywords: Cerebrovascular lesion; Bipolar disorder; Major depressive disorder; Hiness vulnerability; Risk factors; Hypertension

1. Introduction 1993), clinical course (Hickie et al, 1997; Alexopoulos
et al., 1996), and suicide risk (Lyness et al., 1992). Hopkin-
son (1964) reported that the risk of depression in the

first-degree relatives of depressed patients was 20% in

Regarding major depression, there are differences in
various clinical indices depending on the age at onset, such

as clinical symptoms (Baldwin and Tomenson, 1995; Sallo-
way et al., 1996; Krishnan et al., 1995), degree of cognitive
impairment (Salloway et al., 1996; Alexopoulos et al.,

" Corresponding author. Tel.: +81 27 220 8190; fax: +81 27 220 8187,
E-mail address: aoshima@med gunma-u.acjp (A. Oshima),

0022-3956/8 - see front matter @ 2007 Elsevier Ltd. All rights reserved.
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the early-onset depression group compared with 8.3% in
the late-onset depression group over 50 years of age.
Because similar conclusions have been made by Schultz
(1951) and Post (1975), it may be assumed that genetic fac-
tors exert greater effects in early-onset depression than in
late-onset depression.
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Bipolar affective disorders (BPADs) have also been
studied in terms of subgroups divided according to the
age at onset (Leboyer et al., 2005). Strober (1992) reviewed
eight studies and found that relatives of early-onset BPAD
patients are 1.1-3.9 times more likely to develop affective
disorder than are the relatives of late-onset BPAD pro-
bands, indicating that the onset of early-onset BPADs is
strongly associated with genetic factors.

Physical factors, particularly organic brain factors, are
highly involved in mood disorders occurring at older ages
(Rodin and Voshart, 1986). In the late 1980s, it was
reported that patients with late-onset depression had signif-
icantly more complications of cerebrovascular disorders
including asymptomatic cerebral infarction than those
without any depression (Krishnan et al., 1988; Baldwin,
1993; Soares and Mann, 1997). It was previously reported
that there were many patients who developed depression
after having a stroke (poststroke depression) (Folstein
et al., 1977). These observations led to the view that the
pathophysiology of late-onset depression may be closely
associated with cerebrovascular conditions; hence, the con-
cept of vascular depression was proposed by Alexopoulos
et al, (1997) and Krishnan et al. (1997). In large-scale epi-
demiologic studies that followed, de Groot et al. (2000)
found in their Rotterdam Scan Study that subjects with
severe white matter lesions showed a 3-5-fold risk of
depression, There has been reported of an increase in the
severity of deep white matter lesions in BPADs as well.
They are more frequently observed in late-onset than in
early-onset BPADs (Altshuler et al., 1995).

Factors such as age (de Leeuw et al., 2001; Manolio
et al., 1994), elevated blood pressure (de Lecuw et al,
2002), diabetes (Longstreth et al., 2001), and cardiac
arrhythmia (Ylikowski et al., 1995) have been reported as
risk factors of white matter lesions. In the general popula-
tion, however, there is less evidence that vascular risk fac-
tors are a major cause of depression (Thomas et al.,
2004). There have been reports that there is no link between
depression symptoms and elevated blood pressure (Jones-
Webb et al., 1996; Friedman and Bennet, 1977) nor between
a history of hypertension or of coronary heart disease and a
history of depression (Steffens et al., 2002). In the Rotter-
dam Study, however, Tiemeier et al., who examined vaso-
motor reactivity in the middle cerebral artery using CO,
inhalation, reported that the depression group exhibited a
lower vasomotor reactivity than healthy controls (Tiemeier
etal., 2002) and that arterial stiffness significantly correlated
with the severity of depression (Tiemeier et al, 2003).
Thomas et al. (2001) found in their postmortem study that
atheromas in major vessels (coronary arteries, carotid arter-
ies, and aortas) were significantly more severe in the depres-
sion group than in the normal group.

In summary, differences in pathogenesis and pathophys-
iology presumably exist between the early-onset and the
late-onset mood disorder groups. Also, depression itsell
can be a risk factor for vascular lesions (Baldwin, 2005),
which led to the hypothesis that depression exacerbates
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cerebrovascular lesions with aging (Lenze et al,, 1999).
However, there have been few studies in which subjects
within age-matched groups were compared, that s,
between patients with late-onset mood disorders, those
with early-onset ones, and normal elderly subjects with
regard to brain areas.

In this study, we hypothesized that patients with late-
onset mood disorders would show more severe cerebro-
vascular lesions, especially in the frontal area, than those
with early-onset mood disorders in the same present age
range and with longer illness period than those with
late-onset mood disorders, because there have been a
number of studies indicating frontal lobe dysfunction in
depressed patients. Therefore, we compared MRI-defined
subcortical high intensities with regard to brain areas by
dividing the mood disorders patients of the same age
range into the late-onset and early-onset mood disorder
groups and by including normal elderly subjects as the
control. We also conducted linear multiple regression
analysis using the severity of subcortical lesions as depen-
dent variable to determine whether the clinical features of
mood disorders and medical comorbidities correlate with
vascular pathology.

2. Subjects and method
2.1. Subjects

This is a retrospective study conducted in the Depart-
ment of Neuropsychiatry, Gunma University Hospital in
Japan. One hundred and three outpatients or inpatients
with mood disorders underwent MRI scan from 2003 to
2006. Patients who met the DSM-IV criteria for any types
of dementia (n = 15) or showed symptoms of cerebral
infarction (n = B) or were aged fewer than 50 (n = 28) were
excluded. After this exclusion, subjects consisted of 52
patients who met the DSM-IV criteria for major depressive
disorder (24 females, 18 males; 9 mild, 18 moderate,
12 severe with psychotic feature, 3 severe without psychotic
feature) or bipolar I disorder (1 females, 5 males) or bipolar
11 disorder (1 females, 3 males). In addition, we added to
the study group 14 psychiatrically normal elderly controls
older than 50 years old (EC; & females, 6 males) according
to a comprehensive history and psychiatric interview. By
setting the age at onset of 50 years as the cut-off for late
onset vs. early onset, we classified 29 patients into the
late-onset mood disorder (LOM) group and 23 patients
into the early-onset mood disorder (EOM) group.

The characteristics of the subjects are shown in Table I.
There were no significant differences in age (one-way
ANOVA: F=181, df =2, P=0.172) or gender (two-
tailed chi-square test: ¥ = 2.18, df = 2, P = 0,337) among
the LOM, EOM and EC groups. Ages at onsel were signif-
icantly lower in the EOM group than those in the LOM
group (two-tailed nonpaired r-test: r=9.39, df = 36.26,
P <0.001). There was also no significant difference in the
percentage of patients with BPADs between the LOM
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Table 1
Characteristics of subjects

Patient Controls

Combined Late Early

onset onsel

N 52 29 2
Female, n (%) 26(50.0) 17(58.6) 9(39.1)
Age, mean year (SD) 60.8 (7.0) 622 58.9 (R.5)
(5.3)
Age at onset, mean year  49.5(13.2) 59.0
(SD) (6.2)"
Bipolar, n (%) 10 (19.2) 5(17.2)

* Late onsel vs. carly onset: T= 9,39, df = 36.26, P < 0.00]

176 (9.4)

5(21.7)

and EOM groups (two-tailed Fisher's exact test:
P=0.734).

The Institutional Review Board of Gunma University
Hospital approved this study, and writien informed con-
sent was obtained from all the subjects and/or their

families.
2.2, MRI procedure and image analysis

We obtained the following images of the subjects using a
1.5-T MAGNETOM Symphony Maestro class, (Siemens
Medical Solutions, Erlangen, Germany): axial T>-weighted
images (TR 3800ms; TE 90ms) and axial T)-weighted
images (TR 500ms; TE 14ms). The slices of images were
5-mm thick, with a 2.0-mm interslice gap, and the images
of the entire brain parenchyma were obtained. An experi-
enced psychiatrist (K.T. or A.0.) independently evaluated
the MR images without knowledge of subjects’ status.
Each T2-weighted MR image was evaluated in terms of
periventricular hyperintensity (PVH) and deep white mat-
ter hyperintensity (DWMH) on the basis of Fazekas crite-
ria (Fazekas et al, 1987), obtaimng semiquantitative
ratings for brain hyperintensities. Typical images of Faze-

kas criteria are shown in Fig. 1. PVH was rated as follows:
0 = absent, 1 = “caps” or pencil-thin lining, 2 = smooth
“halo”, and 3 = irregular PVH extending into the deep
white matter. DWMH was rated as follows: 0= absent,
| = punctate foci, 2 = beginning confluence of foci, and
3 = large confluent area. To understand the functional ana-
tomical role of the lesions, the regions of interest were clas-
sified into the following four areas in each hemisphere.
Eight areas were thus evaluated similarly to the four-stage
Fazekas DWMH criteria. The areas of interest were the
following: (1) the frontal area (right and left, FR and FL,
respectively), the frontal lobe anterior to the central sulcus;
(2) the parieto-occipital area (right and left, POR and POL,
respectively), consisted of the parictal and occipital lobe
together; (3) the temporal area (right and left, TR and
TL, respectively), the temporal lobe (the border between
the paricto-occipital and temporal lobes was approximated
as the line drawn from the posterior part of the Sylvian fis-
sure to the trigone areas of the lateral ventricles); and (4)
the basal ganglia (right and left, BGR and BGL, respec-
tively), including the striatum, globus pallidus, thalamus,
internal and external capsules, and insula. Periventricular
lesions were not added to the respective regional scores in
order to focus on short association fibers within hemi-
spheres and to exclude commissural fibers and projection
fibers that are more densly found in the periventricular
arca. The interrater reliability exceeded 0.95. There was
no discrepancy of more than 1 point between the two eval-
uators with the given criteria.

2.3. Statistical analysis

All analyses were performed using SPSS (SPSS Inc,
Chicago, Illinois; version 12.0J), We compared between
the LOM and EOM groups using Fisher's exact test in
terms of the presence or absence of psychotic features, his-
tory of suicide attempt, history of delirium, a family history

Fig. 1. Typical images of Fazekas ratings. Note. DWMH grade: A = grade 3, B =grade 2, C= grade 1; PVH grade: D = grade |, E = grade 2,

F = grade 3

— 94 —
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of psychiatric disorders within the second-degree, history
of electroconvulsive therapy (ECT), habitual smoking,
habitual alcohol drinking, obesity (Body Mass Index:
BMI > 25), the percentage of patients who have had a his-
tory of complications of diabetes mellitus (DM), hyperten-
sion (HT), hyperlipemia (HL), ischemic heart disease
(IHD) and cardiac arrhythmia (CA). We also compared
time since the onset of a disorder, the number of episodes
(depressive and manic episodes), the total number of epi-
sodes, the number of suicide attempts, the number of ECTs
and doses of antidepressants (Imipramine equivalent dose)
between the groups using the nonpaired f-test. P-values
were truncated at 0.05 using the two-tailed test in Fisher's
exact test and the nonpaired r-test. As for the Fazekas rat-
ings of PVH and DWMH in FR, FL, POR, POL, TR, TL,
BGR, and BGL in the LOM, EOM, and EC groups, we
compared them by one-way ANOVA followed by Tuckey's
lest,

For these 52 patients, we also conducted linear multiple
regression analysis using the DWMH scores as dependent
variable. Using stepwise method, independent valuables
were selected from dimensional scores; age, age at onset,
time since the onsct of a disorder, the number of episodes
(depressive, manic and total episodes), the number of sui-
cide attempts, the number of ECTs and doses of antide-
pressants, and from categorical scores; LOM, sex,
bipolar, psychotic features, delirium, family history of psy-
chiatric disorders, habitual smoking, habitual alcohol
drinking, obesity, DM, HT, HL, THD, CA. Significant

Table 2

variables were entered if the P-value of each variable was
under 0.05, and deleted for P> 0.10.

3. Results

3.1. Early-onset mood disorders vs. late-onset mood disorders
vs, elderly controls

3.1.1. Clinical background and medical comorbidities

The results of comparison of clinical features between
the LOM and EOM groups are shown in Table 2. The time
since the onset of disorder was significantly longer in the
EOM group (T = -7.36, df = 26.62, P <0.001). The per-
centage of patients with obesity was higher in the EOM
group (P = 0.015). There was not any significant difference
in the other items.

3.1.2. Fazekas semiquantitative ratings

As for the scores of DWMH and PVH (Fig. 2, Table 3),
there was a significant difference in DWMH (F =4.67,
df =2, P=0.013) between the groups, but not in PYH
(F=243, df=2, P=0.096). Pathological changes in
LOM were significantly more severe than those in EOM
(P =0.016). Compared with EC, LOM showed more
severe pathological changes, but not significantly
(P =0.096). There was no difference between EOM and
EC (P = 0.946).

In terms of regional DWMH (Table 3), there was a sig-
nificant ANOVA results in FR (F=4.52, df=2,

Clinical background, medical comorbidities and P-values for comparison between late-onset mood disorder (n = 29) and early-onset mood disorder

(r = 23) groups

LOM EOM P-value

N 29 2
Time since onset of disorder, mean year (SD) 3131(4.1) 21.3(11.2) <0.001*
Dep pisodes, mean ber (SD) 1.6 (0.8) 60(124) 0.096*
Manic episodes, mean number {SD) 0.3 (0.9) 1.0(2.2) 0.195*
Total episodes, mean number (SD) 1.9(1.4) 7.1 (12.8) 0.063*
With psychotic features, n (%) 12 (41.4) 4(174) 0.077"
Suicid pts, mean number (SD) 0.2(0.7) 0.22 (0.4) 0.948*
With suicide attempt history, n (%) 1(103) 5(21.7) 0.441"
With delirium history, n (%) 5(17.2) $(348) n.201"
Family history of psychiatric disorders, n (%) 9{31.0) 13 (56.5) 0,092"
ECTs, mean number (SD) 12.8 (48.8) 7.9(21.0) 0.656"
With ECT history, n (%) B(27.6) 7(30.4) 1.000"
Antider agent, Imipramine equivalent dose mg/day (SD) 116.0 (86.5) 107.2 (91.7) 0.724*
Habitual smoking. n (%) 8(27.6) 6 (26.1) 1.000"
Habitual alcohol drinking, n (%) 6(20.7) 5(21.7) 1.000"
Obesity, n (%)* 1(4.2) 7(35.0) 0.015*
Medical comortidities DM, n (%) 5(17.2) 2(8.7) 0.444°
HT, n (%) 10 (34.5) 5(21.7) 0.369"
HL, n (%) 1(34) 2(87) 0.577°
THD, n (%) 1 (3.4) 0(0.0) 1.000°
CA, n (%) 3(103) 1(4.3) 0.621"

Note LOM, late-onset mood disorder group; EOM, carly-onset mood disorder group; ECT, electroconvulsive therapy; DM, diabetes mellitus; HT,
hypertension; HL, hyperlipemia; THD, ischemic heart disease; CA, cardiac arrhythmia

* P-values for two-tailed nonpaired /-test
® povalues for two-taled Fisher's exact test,
 Comparison between 24 patients of LOM and 20 patients of EOM.
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LOM
Fig. 2. The distribution of Fazekas DWMH ratings in LOM, EOM, and

control groups. Note. LOM, late-onset mood disorder group; EOM, carly-
onset mood disorder group.

P=0.015), FL (F=329, df=2, P=0.044), and POL
(F=6.35,df =2, P=0.003). In the post hoc tests between
LOM and EOM, significant differences were detected in
FR (P=0.033), FL (P =0.043), and POL (P =0.003).
Between LOM and EC, a significant difference was
detected in FR (P = 0.048).

EOM control

447

3.2. Linear multiple regression analysis using the DWMH
ratings as dependent variable

Results of linear multiple regression analysis are shown
in Table 4. We obtained a significant regression model to
predict the DWMH ratings (F=16.5, P<0.001); age,
number of ECTs, and LOM were selected as significant
variables (r=5.5, =3.7, and 2.5; P<0.001, 0.01, and
0.05, respectively).

4. Discussion

This study is unique in that we compared white matter
lesions with regard to brain arcas among the age- and gen-
der-matched LOM, EOM and EC groups that include
major depressive disorder and bipolar disorder. As for
DWMH, LOM exhibited a higher rating than EOM; as
for brain areas, significant between-group differences were
detected in bilateral frontal arcas and in the left parieto-
occipital area. LOM, but not EOM, tended to show more
severe pathological changes than the EC group, and there
was a significant difference in the severity of changes in
the right frontal areas. As for PVH, there was no difference
among the three groups. In the linear multiple regression

Table 3
Fazekas ratings and P-values for comparison among late-onset mood disorder (n = 29), early-onset mood disorder (n = 23), and elderly control (n = 14)
Eroups
LOM EOM Controls One-way ANOVA Post hoc test P-value (Tukey HSD)
Fvalue P-value LOM vs, EOM  LOM vs. controls  EOM vs. controls
DWMH, mean (SD) 2.00 (1.07) 1.17 (0.98) 1.29 (1.07) 4.67 0.013 0.016" 0.096 0.946
PVH, mean (SD) 1,28 (1.22) 061 (1.08) 071(1.14) 243 0.096 0.105 030 0.961
FR, mean (SD) 1.76 (1.18)  1.00(1.00) 093 (0.83) 452 0.015 0.033" 0.048° 0978
FL, mean (SD) L72(L19)  096(1.07) 1.14(1.03) 3.29 0.044 0.043° 0.253 0,875
POR, mean (S5D) 1.14(1.06) 048 (0.85) 086(0.86) 309 0.052 0.041 0.637 0.472
POL, mean (SD) 1.31 (1.07) 043(0.79) 064 (0.74) 635 0.003 0.003" 0.073 0,782
TR, mean (SD) 0.83(1.00) 048 (0.20) 050(0.52) 121 0.305 0.340 0.495 0.997
TL, mean {SD) 0.86 (1.03) 0.57 (0.95) 0.64 (0.63) 0.75 0.498 0.490 0.749 0.967
BGR, mean (SD) 0.62 (0.86) 043 (0.79) 029 (047) 097 0.385 0.664 0.380 0.836
BGL, mean (SD) 0.66 (0.97) 043(0.84) 021(043) 136 0.264 0.618 0.249 0.721

Nore. LOM, late-onset mood disorder group; EOM, early-onset mood disorder group; DWMH, deep white matter hyperintensity; PVH, periventricular
hyperintensity; FR, right frontal area; FL, left frontal area; POR, right parieto-occipital area: POL, left parieto-occipital area; TR, right temporal area;

TL, left temporal area; BGR, right basal ganglia; BGL, left basal ganglia.
* One-way ANOVA P < 0,05 and post hoc test P < 0.05.

Table 4
Prediction of the DWMH ratings
Dependent valiable Variables entered Standardized coefficients | R F
n=52 DWMH ratings 0.52 16,5
df [1,44) Age 0.61 5.5
number of ECTs -0.40 -7
LOM group 0.27 15
Note. Multiple linear regression, stepwise method, DWMH: deep white matter hyperintensities, ECT: electro convulsive therapy, LOM: late-onset mood
disorder.
" P<0.05.
** P<0.01.
= P<0.001,
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