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Decreased Activity at
the Time of Return to
Work Predicts
Repeated Sick Leave in
Depressed
Japanese Patients

To the Editor:

D epression is accompanied not just by
a depressed mood and loss of motiv-
ation but also by decreased social function-
ing, and there is growing concern about
extremely high rates of absenteeism and
presenteeism among depressed patients.!
Therefore, considerable importance is
placed on interventions aimed at preventing
depressed patients from taking repeated sick
leave. Many patients in a depressed state
develop lassitude due to low activity, which
is caused by their depressed mood, psycho-
motor retardation, or other factors. There are
also many patients who retumn to wark fol-
lowing improvement of their depression but
eventually take sick leave again due to their
inability to maintain activity levels. Tmp-
rovements in the state of depression and
social functoning are not believed to be
associated. Therefore, even afier the depres-
sed state has been improved through phar-
macotherapy, it can still be difficult for the
patient tore-enter the workforce. The present
study sought to evaluate whether activity has
an influence on the restoration persistency
rate in depressed patients on sick leave.
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METHODS

Among the 74 patients at the out-
patient at the University of Occupational
and Environmental Health who had been on
sick leave and agreed to participate in this
study, we targeted 54 who re-entered the
wotkforce. The following data were
obtained from the study subjects at the time
of their re-entry into the workforce: age,
gender, number of sick leave episodes,
number of job changes, mumber of hospital
admissions, marital history, score on the
Hamilton Depression Rating Scale, score
on the Social Adaptation Self-evaluation
Scale), and the results of cognitive function
tests (Wechsler Adult Intelligence Scale,
Continuous Performance Test, N-back
and verbal fluency test). To assess the
activity levels of the subjects, we asked
the following question: “How many days
a week do you engage in activity outside of
the home for more than 2 hours?™

Using the mean value as a cutoff
point, we divided the subjects into a
high-activity group (N=230) and a low-
activity group (N=24) and conducted a
follow-up study on their job retenfion rates.
For statistical analysis, we used the Cox
proportional hazard model, with adjust-
ments for age, gender, pumber of sick leave
episodes, number of job changes, number
of hospital admissions, marital history,
results of the psychiatric symptom assess-
ment {score on the Hamilton Depression
Rating Scale), results of the Social Adap-
tation Self-evaluation Scale score and
results of cognitive function tests (Wechsler
Adult Intelligence Scale, Continnous Per-
formance Test, N-back, and verbal fluency

1.00 -
0.80
0.560
0.40

0.20 -

test). This study was approved by the ethics
committee of the University of Occu-
pational and Environmental Health.

RESULTS

In the follow-up study, the cumulat-
ive survival rafe in the low-activity group
was consistently lower than that in the high-
activity group, and the log-rank test yielded
¥2=35.61 and P=0.018 (Figure 1). The
hazard ratio for sick leave derived from
the Cox proportional hazard model
was 3.28.

DISCUSSION

The present study is the first to show
that among predictors of job retention for
depressed Japanese workers, low activity at
the time of re-entry into the workforce
might be significantly associated with
maintaining continuous employment; how-
ever, the subjects’ activity levels were eval-
vated solely based on self-reported data
without the bse of objective indicators,
which we consider to be a challenge that
must be met in future studies. In other
words, for depressed workers who have
achieved remissjion, self-assessment of
activity upon their re-entry into the work-
force might serve as a predictor of job
retention. We plan to conduct a future study
based on random allocation of depressed
workers and fo examine whether interven-
tions to increase activity, including physical
exercise therapy, can improve the job reten-
tion rates of these individuals.

Gihei Morita, MD
Hikaru Hori, MD, PhD
Asuka Katsuki, MD, PhD

Leg-rank test, ¥2=5.61; p=0.018

High activity group
Low activity group

8.00

FIGURE 1. Time to sick leave: Kaplan-Meier survival curves. The high-activity group
had a significantly longer time to sick leave than the low-activity group (x2=5.61,

P=0.018, log-rank test).
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Blood Biological Markers for Prediction of Escitalopram Response in
Patients with Major Depressive Disorder: Preliminary Study

Masato Yamana, Kiyokazu Atake, Asuka Katsuki, Hikaru Hori and Reiji Yoshimura®
Department of Psychiatry, Universify of Occupational and Environmental Haalth, Japan

Introduction: Lots of siudies have been perfermed to predict the response to antidepressants in patients with major
depressive disorder. The findings were however controversial.

Objective: The aim of the present study was to investigate the relationship between response to escitalopram and
sevaral peripheral biomarkers in major depressive disorder (MDD).

Material and Methods: Forty-eight MDD patients diagnosed by DSM-IV-TR were enrolled the study, and ali were
treated with escitalopram, The end-point of the study was 8 weeks afler starting the treatment. Twenty-seven patients
were completed the study. Their depressive symptoms were evaluated using the 17-items Hamilton Rating Scale for
Depression (HAMD17). The patients whose HAMD17 reduced 50% or mare at 8 weeks were defined as responders.
The peripheral biomarkers were assayed with ELISA or high-performance liquid chromatography.

Results: Plasma 3-methoxy-4-hydroxyphenil glycol (MHPG) leval at starting escitalopram in the respondears
were significantly higher than thase in nonresponders (p = 0.0032). Any other factors were not different between the

responders and the nonresponders.

Conclusion: These results suggest that MHPG leve! can predict the response to escitalopram.

Keywords: Escitalopram; Catecholamines; Neurotrophic factors;
Cytokines, Major depressive disorder; Prediction

Introduction

Catecholamines, neurotrophic factors and cytokine play important
role for pathophysiclogy of major depressive disorder (MDD). We
previously reviewed plasma levels of catecholamines predict the
response to treatment with antidepressants [1], Briefly, paroxetine, a
selective serotonin reuptake inhibitor (SSRI) had better response to the
patients with higher plasma levels of 3-methoxy-4-hydroxyphenylglycol
{(MHPG}, a major metabolite of norepinephrine, whereas, milnacipran,
a serotonin, norepinephrine reuptake inhibitor (SNRI), had better
response to those who with lower MHPG levels [2]. However, no
changes in plasma MHPG switching paroxetine to milnacipran
between the responders to nonresponders with milnacipran treatment
in MDD patients [3]. Serum levels of brain-derived neurotrophic factor
(BDNF) decrease in MDD patients compared with healthy control [4].
A negative correlation was found between serum BDNF levels and
Hamilton Rating Scale for Depression (HHAMD) [E]. Antidepressants
increase plasma BDNF levels in MDD patients [4], We also reported
that treatment with paroxetine, a SSRI and milnacipran, a SNRI,
increased plasma levels of brain-derived neurotrophic factor (BDNF)
in responders to those antidepressants [5]. From these findings into
account, serum BDNF is one of candidate for biological markers of
severity of depressive state. On the other hand, interleukin 6 (IL 6) and
tumor necrotic factor-alpha (TNF-alpha) in MDD patients were higher
than those in healthy control [6]. We reported that serum IL 6 levels
were lower in MDD patients compared with sex, and age-matched
healthy controls [7]. It is however controversial that serum levels of
BDNF or IL 6 predict response to trearment with antidepressants. A
report demonstrated patients with higher serum BDNF had better
response [8], other did not [7]. We reported that responders to
SSRI were significantly higher serum IL & levels than nonresponders
suggesting serum IL 6 might be a predictor for SSRI response in MDD
patients [9]. Kotan et al. [10] reported that serum vascular endothelial
growth factor (VEGF) was related with MDD.

J Depress Anxiety
ISSN: 2167-1044 JDA an open access journal

In the present study, we investigated between the response to
escitalopram, a SSRI and serum levels of BDNF, cytokines (interleukin
2 (IL2), IL6, TNF-alpha), vascular endothelial growth factor (VEGEF),
and plasma levels of MHPG and homovanillic acid (ITVA), a major
metabolite of dopamine, in MDD patients.

Subjecis and Methods

Forty-eight patients diagnosed MDD using DSM-IV-TR were
enrolled in the present study. The demographics data were shown
in Table 1. All participants were treated with only escitalopram, The
severity of the patients’ depressive symptoms was evaluated using the
17-items of Hamilton Rating Scale for Depression (HHAMDI17) at each
week. The end point of the follow up period was 8 weeks. The patients
who decreased their HAMDI17 scores 50 % or more were defined as
responders. Others were defined as nonresponders. The blood was
drawn once just before starting escitalopram treatment. Their serum
levels of BDNF, IL 2, IL 6, TNF-alpha, and VEGF were assayed by ELISA
using Milliplex MAP Kit (HCYTOMAG-60K and HNDG3MAG-
36K) on a Milliplex Analyzer 42 MAGPIX machine (Millipore)
according to the manufacturer’s instructions, Analyses included
IL-2, 11.-6, TNF-alpha, VEGF, and BDNEF. Their plasma levels of
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Responder {n = 20) Non-responder n = Zd) P-value

Age 53.7 +15.1 58.6+17.3 0.481"
Gender{male/Female) 10/10 2/5 0.591"
Esc max dose (mg/day) 18.0 £ 4.14 16.0 £ 5.47 0.850°
Depressive episodes .
before ESC treatment 1.87 £ 1.64 1.20 £ 0.44 0.148

Basefine HAMD17 205=z7.21 19.8 £ 3.05 0.430°

Table 1: P-value calculated using student’s T-test” and chi-square test™

metabolites of catecholamine were measured using high-performance
liquid chromatography with electrochemical detection. The study
protocol was approved by the Ethics Committee of the University of
Occupational and Environmental Health, Written informed consent
was obtained from all participants. Twenty-seven patients of 48 MDD
patients (56.25%) completed the present study. The reasons for drop
out the present study were the protocol violation (10 patients), moved
to other hospitals (6 patients), the study withdrawal (5 patients).

Results

Response to escitalopram treaiment

No significant differences were observed in demographic
background between the responders and the nonresponders to
escitaloprarm (Table 1). The response rate at § weeks with escitalopram
treatment was 74.1%.

Plasma levels of catecholamine metabolites and response to
escitalopram treatment

Plasma MHPG levels at starting escitalopram in the responders
were significantly higher than those in nonrespenders (p = 0.0032}.
No difference was found in plasma HV A levels between the responders
and nonresponders (p = 0.5981) (Figure 1). We further calculated cut-
off value by using Receiver Operating Characteristic Curve (ROC), and
found the cut-off value was 8.0 ng/ml (sensitivity; 90.0%: specificity;
85.7%) (Figure 2).

Serum levels of BDNF and VEGF and response to escitalopram

No differences were observed regarding serum levels of BDNE
and VEGF at starting escitalopram between the responders and
nonresponders (p = 0.2763, p = 0.3029) (Figure 3).

Serum levels of cytokines and response to escitalopram

No differences were observed regarding serum levels of IL 2, IL 6,
and TNF-alpha at starting escitalopram between the responders and
nonresponders (p = 0.4577, p = 0.4873, p = 0.8330) (Figure 4).

Gender difference for biolegical markers

There were notany gender differences for prediction of escitalopram
response in MHPG, HV A, BDNF, VEGF, IL2, IL 6, and TNF-alpha (p
={.3889, 0.5129, p = 0.8690, p = 0.2110, p = 0.4883, 0.8449).

Discussion

The main finding of the present study was plasma MHPG level at
starting escitalopram predicted its response in patients with MDD.
Patients whose plasma MHPG 8ng/ml or more was prone to better
response. Whereas, plasma HVA level, serum levels of BDNY, VEGF,
IL 2, IL 6 were not related to the response to escitalopram. The results
of the present study were partially in accordance with our previous
studies regarding plasma MHPG level. On the other hand, serum IL
6 level was not different between the responders and nonresponders.

We recently reported that higher serum IL 6 was associated with
response to SSRI. The discrepancy between the present result and our
previous one remains unknown. The patients who enrolled in our
previous study was treated with only sertraline or paroxetine, but not
escitalopram. The deference in the SSRI may one of the reasons. We
investigated baseline serum BDNF levels and the response to several
antidepressants in MDD patients, also found that no association was
observed between serum BDNF and response fo antidepressants
treatment [1,11]. The result in the present study was reconfirmed in
patients with escitalopram treatment. Ventriglia et al. [12] reported
that baseline serum VEGF levels did not predict the response to SSRIs.
In additien, the anthors also demonstrated that treatment with SSRIs
did not alter VEGF levels in MDD patients, The result regarding
VEGF in the present study was not contradict Ventriglia’s finding
[12]. The weakest point in the present study was lacked in data at after
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Figure 4: Serum levels of IL 2, IL 8, and TNF-alpha in the responders or
responders to escitalopram. Vertical bar means standard deviation.

escitalopram treatment. In other words, we predicted the response
to escitalopram treatment at only one point. It remains unknown
from the present data that treatment with escitalopram changes the
biological markers or not, which is associated with the improvement
of depressive symptoms or not. To elucidate this question, we should
accumulate larger samples and follow up biological markers. We are
now starting longimdinal study for biological markers. Furthermore,
we should also combine genetic, proteolytic, and neuroimaging data
with our preliminary findings. This process will lead to find a robust
biological marker to predict response to escitalopram in MDD. In
conclusion, plasma MHPG level at baseline could predict the response
to escitalopram in MDD patients. Its cut-off value was 8 ng/ml.

References

1. Yoshimura R, Makamura J, Shinkai K, Ueda N {2004} Clinical response to
antidepressant treatment and 3-methexy-4-hydroxyphenyiglycol levels: mini
review. Prog Neurapsychopharmacol Biol Psychiatry 28: 611-616.

2. Shinkai K, Yoshimura R, Ueda N, Okamoto K, Nakamura J (2004} Associations
between baseline plasma MHPG (3-methoxy-4-hydroxyphenylglycol) levels
and clinical responses with respect to milnacipran versus paroxetine treatment.
J Clin Psychopharmacel 24: 11-17,

Citation: Yamana M, Atake K, Katsuki A, Heri H, Yoshimura R (2016) Blood
Biological Markers for Prediction of Escitalopram Response in Patients with
Major Depressive Disorder: Preliminary Siudy. J Depress Anxiety 5: 222,
dai:10.4200/2167-1044.1000222

J Deprass Anxiety
ISGN; 2167-1044 JDA an open accass joumnal

. Yoshimura R, Hori H, Katsuki A, lkenouchi-Sugita A, Umene-Nakano W, et al.
(2014) No changes in plasma level of 3-methoxy-4-hydroxyphenylglycol after
switching paroxetine to milnacipran in patients with major depressive disorder:
a preliminary study. J Depress Anxiety 3: 157.

. 8en 8, Duman R, Sanacora G (2C08) Serum brain-derived neurotrophic factor,
depression, and antidepressant medications: meta-analyses and implications.
Biof Psychiatry 64: 527-532.

. Yoshimura R, Kishi T, Mori M, Atake K, Katsuki A, et al. {(2014) Serum
preBDNF/BDNF and response to fluvoxamine in drug-naive first-episode major
depressive disorder patients. Ann Gen Psychiatry 13: 19.

. Liu Y, Ho RC, Mak A (2012) Interleukin {IL}-6, tumour necrosis factor alpha
{TNF-o) and soluble interleukin-2 receptors (sIL-2R) are elevated in patients
with major depressive disorder: a meta-analysis and meta-regression. J Affect
Discrd 139: 230-239,

. Yoshimura R, Hori H, Ikenouchi-Sugita A, Umene-Nakano W, Katsuki A, et al.
(2013) Plasma levels of interleukin-6 and selective serotonin reuptake inhibitor
response in patients with major depressive disorder. Hum Psychopharmacol
28: 466-470.

. Yoshimura R, Hori H, lkenouchi-Sugita A, Umene-Nakano W, Ueda N, et al.
(2009} Higher plasma interleulkin-6 (IL-6) level is associated with SSRI- or
SNRI-refractory depression. Preg Meuropsychepharmacof Biol Psychiatry 33:
722-726.

. Berger W, Mehra A, Lenoci M, Metzler TJ, Otte C, et al. (2010) Serum brain-

derived neurotrophic factor predicts responses to escitalopram in chronic
posttraumatic stress disorder. Prog Neuropsychopharmacol Biol Psychiatry 34:
1279-1284.

10. Kotan Z, Saranddl E, Kirhan E, Ozkaya G, Kirli S {2012) Serum brain-derived

neurotrophic factor, vascular endothelial growth factor and leptin levels in
patients with a diagnosis of severe major depressive disorder with melancholic
features. Ther Adv Psychopharmacol 2: 65-74.

11. Yoshimura R, Mitoma M, Sugita A, Hori H, Okamoto T, et al. (2007) Effects of

parcxetine or milnacipran on serum brain-derived neurotrophic factor in depressed
patients, Prog Neuropsychopharmacol Biol Psychiatry 31: 1034-1037.

12. Ventriglia M, Zanardini R, Pedrini L, Placentino A, Nielsen MG, et al. (2009)

VEGF serum levels in depressed patients during SSRI antidepressant
freatment. Prog Neurapsychopharmacaol Biol Psychiatry 33: 146-149.

Submit your next manuscript and get advantages of OMICS
Group submissions
Unigue features:

*  Increased global visibility of articles through worldwice distribution ond indexing
*  Showcasing recent research output In a timely and updated munner
. Special issues on the current trends of scientific research
Special features:
700 Open Access Journals
50,000 editoric! team
Rapid review process
Guality and qulck editerial, review and publicatien processing
Indexing ot PubMed (partiol), Scopus, EBSCQ, Index Copemicys and Google Scholar elc
Sherring Option: Soclal Networking Enabled
Authars, Reviewers and Editors rewarded with online Scientific Credits
Better discount for your subsaquent articles

Submit your manuseript at: htip://: i ine.org,

Volume 5« Issue 1+ 1000222



Yoshimura et al. Ann Gen Psychiatry (2076) 15:1
DOI10.1186/512991-015-0084-9

Serum levels of brain-derived

Annals of General Psychiatry

@ CrossMark

neurotrophic factor (BDNF), proBDNF
and plasma 3-methoxy-4-hydroxyphenyliglycol
levels in chronic schizophrenia

Reiji Yoshimura’, Hikaru Hori, Asuka Katsuki, Kiyokazu Atake and Jun Nakamura

Abstract

Background: We investigated the serum levels of brain-derived neurotrophic factor (BDNF), proBDNF and plasma
3-methoxy-4-hydroxyphenylglycol (MHPG) levels in patients with chronic schizophrenia.

Methods: Sixty-eight patients who met the DSM-IV-TR criteria and had a chronic schizophrenia (CS) duration of
= 5 years were enrolled. Their serum brain-derived BDNF and proBDNF levels were measured by enzyme-linked
iImmunosorbent assays, and their piasma MHPG levels were analyzed by high-performance liquid chromatography

with electrochemical detection.

Results: The plasma MHPG levels were significantly lower in the CS group (3.9 & 1.8 ng/mi) compared to those in
the group of 32 age- and sex-matched healthy controls (5.1 &= 2.4 ng/ml). The serum BONF levels were significantly
lower in the CS group (8.9 + 4.8 ng/ml) compared to the control group (12.2.1 & 6.8 ng/ml). No correlation was
observed between plasma MHPG and BONF in the CS group.

Conclusion: These results suggest that hypo-activity of noradrenergic neurons and decreased BDNF secretion exist

in chronic schizophrenic patients.

Keywords: Brain-derived neurotrophic factor, 3-Methoxy-4-hydroxyphenylglycol, Chronic schizophrenia, Positive and

negative symptoms score

Background

Although  plasma  3-methoxy-4-hydroxyphenylglycol
(MHPG} is used as a measure of peripheral catechola-
minergic activity, an individual’s plasma MHPG level is
also a good predictor of the central noradrenergic activ-
ity. We reported that plasma MHPG levels were lower
in schizaphrenia patients compared to those in healthy
controls, and our findings demonstrated that risperi-
done significantly increased plasma MHPG levels, which
was related to the improvement of negative symptoms
of schizophrenia in a small sample [1]. We also reported
that treatment with olanzapine for 4 weeks significantly

*Correspondence; yoshi621@med.uoeh-uacjp
Department of Psychiatry, University of Occupational and Environmental
Health, 1-1 Iseigaoka, Yahatanishi-ku, Kitakyushu, Fukucka 8078555, Japan

(_) BioMed Central

increased plasma BDNF levels in acute schizophrenia
patients [2]. Taking these findings into account, central
noradrenergic dysfunctions may play a role in the patho-
genesis of schizophrenia, especially negative symptoms
and cognitive functions [3].

A recent meta-analysis showed that the plasma/
serum brain-derived neurotrophic factor (BDNF) levels
in schizophrenia patients were significantly lower than
those in controls [4]. It is plausible that a decrease in syn-
aptogenesis occurs in patients with schizophrenia. Tak-
ing these findings into account, we hypothesized that a
reduced noradrenergic system and BDNF exist in schizo-
phrenia patients.

Mature BDNF is initially synthesized as a precur-
sor protein, ProBDNF is converted to mature BDNF by
extracellular proteases. Mature BDNF is biologically

@ 2016 Yoshimura et al. This article is distributed under the terms of the Creative Commons Attribution 4. Interational License
(hitp//creativecommans.org/licenses/by/4.04), which permits unrestricted use, distribution, and reproduction in any medium,
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active. In contrast, proBDNEF, which is localized intra-
cellularly, serves as an inactive precursor. In short, new
evidence shows that proBDNF and mature BDNF elicit
opposing effects via the p75NTR and TrkB receptors,
respectively, and that both proBDNF and mature BDNF
play important roles in several physiological functions
of neurons, which might be related to the pathology
of psychiatric disorders such as mood disorders and
schizophrenia [5-9]. Briefly, mature BDNF is related
to survival of neurons, promotion of growth, and dif-
ferentiation of nevrons [10, 11]. On the other hand,
proBDNF activation includes promotion of myelination
neuronal migration, neuronal process retraction, and
neuronal apoptosis [12]. In 2012, Yoshida et al. [9] noted
that it was initiaily thought that only secreted mature
BDNF is biologically active, and that proBDNFE serves
as an inactive precursor. However, as mentioned above,
proBDNF and BDNF appear to elicit opposing effects
via the p75NTR and TrkB receptors, respectively, and
both proBDNF and mature BDNF may play important
roles in several physiological functions [12]. We recently
reported that no correlation was however found between
the Hamilton Rating Scale for Depression (HAMD17)
scores and proBDNF. In addition, no relationship was
found between the HAMD17 scores and the proBDNE/
BDNFE. Finally, the changes were observed serum levels
of proBDNF and BDNF during the treatment durations
with fluvoxamine, which indicates that no association
exists between serum proBDNE/BDNF and fluvoxamine
response in MDD patients at least within 4 weeks of the
treatment [13]. From these findings, MHPG, mature-
and proBDNF are important molecules for pathogenesis
of schizophrenia.

To test our hypothesis, we investigated the relationship
among the plasma levels of a noradrenaline metabolite
(MHPG), serurn BDNF levels, positive and negative syn-
drome scale (PANSS) scores, and global assessment of func-
tioning (GAF) scores in patients with chronic schizophrenia,
In addition, this is the first report investigating plasma
proBDNF levels in patients with chronic schizophrenia.

Methods

The subjects were 68 Japanese chronic schizophrenia
patients (42 males and 26 females) treated at the Univer-
sity Hospital of the University of Occupational and Envi-
ronmental Health, all of whom fulfilled the Diagnostic and
Statistical Manual of Mental Disorders, fourth Edition,
Text Revision (DSM-1V-TR) criteria for schizophrenia. The
treatment durations were all >5 years. Their ages ranged
from 33 to 70 (mean £ SD = 48 1+ 9) years. Their dura-
tion of illness ranged from 5 to 40 (mean £ SD = 18 + 9)
years. Thirty-twe age- and sex-matched healthy subjects
(age: range 29-68 years, mean + SD = 47 + 11 years;
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20 males and 12 females) were also examined. All enrolled
subjects did not have history of physical diseases; i.e.,, rheu-
matoid arthritis, hypertension, chronic kidney disease, car-
diovascular disease, metabolic syndrome, cancer, atopic
discases, and the subjects did not take statins, aspirin,
estradiol, dietary supplements such as vitamin E, vitamin
A, vitamin B12, folic acid, zinc, omega-3 fatty acids, and
ginko biloba.

The severity of the patients’ clinical symptoms was
evaluated using the PANSS and GAL ‘The patients’
plasma concentrations of MHPG were analyzed by
high-performance liquid chromatography with electro-
chemical detection (HPLC-ECD) as described [13]. Their
serum levels of BDNF and proBDNF were assayed with a
sandwich enzyme-linked immunosorbent assay (ELISA)
as described [10].

The study protocol was approved by the Ethics Com-
mittee of the University of Occupational and Environ-
mental Health. Written informed consent was obtained
from all patients and controls,

Statistical analysis

A non-paired ¢ test was used to compare the plasma lev-
els of MHPG and serum levels of BDNF or proBDNF
between the chronic schizophrenia and control groups.
The relationships between pairs of variables were exam-
ined using Person’s correlation coefficients. Significance
of the results was set at p < 0.05.

Results

Medications of chronic schizaphrenia patients

The medications of the chronic schizophrenia patients
are listed in Table 1.

Plasma MHPG levels of the chronic schizophrenia patients
and healthy controls

The plasma MHPG levels were significantly lower in
the chronic schizophrenia (CS) group (4.4 £ 1.6 ng/ml)
compared to the age- and sex-matched control group
(6.8 &+ 2.0 ng/ml) (¢ = —6.602, p = 0.0000),

Table T Antipsychotic drugs prescribed for the patients

Antipsychoticdrug Range, dose (mean £SD)mg/ Nof patien_{s

day
Risperidone 2-8(41 423} 24
Olanzapine 5-20{134+61) 22
Aripiprazole 6-30(174+59; 24
Quetiapine 50-650 (3726 4: 142.8) 8
Haloperidole 1-6(24+16) 2
Levomepromazine  50-200(71.3 £ 49.2) 2
Zotepine 50-100(694 £ 12.7) 2
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Serum BDNF levels of the chronic schizophrenia patients
and healthy controls

The serum BDNF levels were significantly lower in the C§
group (10.2 & 2.9 ng/ml) compared to the healthy con-
trols {11.9 £ 4.3 ng/ml) (t = —2.447, p = 0.016).

Serum proBDNF levels of the chronic schizophrenia
patients and healthy controls

No significant difference in serum proBDNF levels was
revealed between the CS group (4.6 + 2.1 ng/ml) and
controls (4.7 & 2.1 ng/ml) (¢t = —0.064, p = 0.9451).

Correlation between plasma MHPG levels and serum BDNF
levels in the chronic schizophrenia patients

No correlation was observed between the plasma
MHPG levels and serum BDNE levels in the CS patients
(r = 0176, p = 0.392) (Fig. 1).

Correlation between plasma MHPG levels and serum
proBDNF in the chronic schizophrenia patients

No correlation exists between plasma MHPG levels and
serum proBDNF levels in the chronic schizophrenia
patients (v = 0.099, p = 0.641) (Fig. 2).
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No correlation between plasma MHPG levels and the
PANSS scores

No correlation was observed between the plasma MHPG
levels and any scores on the PANSS among the chronic
schizophrenia patients (Table 2).

No correlation between serum BDNF and the PANSS scores
No correlations were found between serum BDNF
and any scores on the PANSS among the CS patients
{Table 3).

No correlation between serum proBDNF and the PANSS
scores

No correlations were found between serum proBDNE
and any scores on the PANSS among the chronic schizo-
phrenia patients (Table 4). :

No correlation between plasma MHPG and the GAF scores
No correlation was found between plasma MHPG
{r = —0.104, p = 0.292) and the GAF scores in the
chronic schizophrenia group.

Discussion

The main findings in the present study were that any
correlations were not observed between serum BDNE,
proBDNE, or plasma MHPG and the PANSS scores in
the 68 chronic schizophrenia patients, No difference was
faund in the serum proBDNF between the two groups.
Plasma ievels of MHPG and the serum BDNF levels were

Table 2 Correlations between the serum BDNF and the
PANSS scoras

BDNF PANP PANN PANG PANT
BDINF 1.0000 —0.051 00223 00848 0.024
PANP —0051 1.0000 —-0.315 —0.253 04295
PANN 00223 —0315 1.0000 01072 0.5413
PANG 00848 —0.253 0.1072 1.0000 0.4481
PANT 0024 0.4295 05413 0.4481 1.0000

Table 3 Correlations between the serum proBDNF level
and the PANSS scores

proBDNF PANP PANN PANG PANT

proBDNF 1.0000 00855  —0.062 —0025 0,009

PANP 0.0855 10000 —0315 —0.253 04295
PANN —0.062 —-0315 1.0000 01072 05413
PANG —0.025 —0.253 0.1072 10000 04481

PANT 0.009 04295 05413 04481  1.0000

=

e B
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Table 4 Correlations between the plasma MHPG levels
and the PANSS scores

MHPG PANP PANN PANG PANT
MHPG 1.00c0 —0.19% 0.0655 0.1339 —0035
PANP —0.199 1.0000 —-0.315 —0.253 04285
PANN 0.0655 —0315 10000 0.1072 05413
PANG 0.1339 —0.253 01072 1.0000 04481

PANT —0.035 04295 05413 04431 1.0000

significantly lower in the chronic schizophrenia patients
compared to the healthy controls.

We reported in a preliminary study that plasma MHPG
concentrations in patients with schizophrenia were lower
than those in healthy subjects. The findings of the present
study reconfirmed our preliminary results, especially the
findings in the chronic schizophrenia patients. It is pos-
sible that noradrenergic activity decreases in chronic
schizophrenia {14-16]. In addition, clozapine and risp-
eridone treatment increased plasma noradrenaline levels.
Taking these findings together, it appears that the hypo-
activity of noradrenergic neurons may exist in chronic
schizophrenia patients and atypical antipsychotic drugs
may enhance noradrenergic functions. However, our pre-
sent revealed no correlations between the plasma levels
of MHPG or serum BDNF and any scores on the PANSS,
One point at any situations of the patients and/or antip-
sychotic medications might explain the present results.

Chen et al. [17] reported that the application of
noradrenaline in embryonic hippocampal neurons
increased the serum levels of BDNF and phosphoryl-
ated tropomyosin receptor kinase {TrkB), and that these
increases were prevented by extracellular signal-regu-
lated kinase (ERK) and phosphatidylinositol 3-kinase
inhibitors (PI-3K). They also showed that noradrenaline-
induced increases in phospho-ERK2 and PI-3K were
each suppressed by a PI-3K and mitogen-activated pro-
tein kinase inhibitor, respectively. In addition, the phos-
phorylation of cAMP-response element-binding protein
(CREB) was also incressed by noradrenaline and was
reduced to baseline levels by MAPK and PI-3K inhibi-
tors. In addition, both the MAPK and PI-3K inhibitors
suppressed the phosphorylation of bath TrkB and CREB.
Taking all of these results into account, it appears that the
noradrenaline-evoked BDNF expression leads a cyclic
pathway, reminiscent of a positive feedback loop.

The results of another study elucidated an in vitro
model of the intracellular signaling mechanisms acti-
vated by noradrenaline—via ligand G-protein-coupled
receptor-to-BDNF-receptor tyrosine kinases transac-
tivation — that is putatively thought to occur in vive as
a result of excitatory neural activity {18]. Astrocytes as
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an active part of the tripartite synapse can respond to
the synoptically released neurotransmitters. BDNF is
produced by astrocytes and neurons. Menoamines are
able to potently and transiently increase BDNF cellular
contents [19]. Taken together, these findings indicate a
deficiency of noradrenaline brought to reduced BDNF
levels in chronic schizophrenia; however, we observed
no correlation between the plasma levels of MIPG
and serum BDNF, which may be plausible that the
noradrenaline function does not directly influence the
BDNF level. In other words, it is possible that key mal-
ecules that regulate the balance between noradrenaline
and BDNF might exist. We also observed that although
treatment with an atypical antipsychotic drug increased
plasma MHPG levels, it did not alter plasma BDNF lev-
els [1, 2, 20].

The serum proBDNF level in chronic schizophrenia
remains unknown. Yamamoto et al. [21] reported that
matrix mefalloproteinase-9, which plays a role in the
conversion of proBDNF to mature BDNF, was signifi-
cantly increased in patients with schizophrenia.

In addition, noradrenergic functions and BDNF were
not related to the GAF scores of the present patients
with chrenic schizophrenia, indicating that both of the
noradrenergic functions do not reflect the social activi-
ties of the chronic schizophrenia patients.

The present study has several limitations, This was a
cross-sectional stady, and all of the chronic schizophre-
nia patients were being treated with several medications;
i.e., antipsychotics, mood stabilizers, and benzodiaz-
epines. Thus, the medications might have influenced the
results. Exercise, stress exposure, menstrual cycle, body
mass index, and dietary compaosition also influenced the
data. Finally, we did not check for the functional imaging
of brain areas, where BDNF is concentrated.

In conclusion, any correlations were not found between
serum BDNF, proBDNE, or plasma MHPG and the
PANSS scores in the 68 chronic schizophrenia patients.
We also reconfirmed that serum BDNF and plasma
MHPG levels were significantly reduced in the 68 chronic
schizophrenia patients compared to healthy controls.
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RELATIONSHIP BETWEEN THE CORTICAL THICKNESS
AND SERUM CORTISOL LEVELS IN DRUG-NAIVE,
FIRST-EPISODE PATIENTS WITH MAJOR DEPRESSIVE
DISORDER: A SURFACE-BASED MORPHOMETRIC STUDY

Xiaodan Liu,* Shingo Kakeda,' Keita \'\’atambc, Reiji Yoshimura,? Osamu Abe,’ Satoru Ide,! Kenji Havashl
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and Yukunori Korogi'

Objective: In major depressive disorder (MDD) patients, bigher morning corti-
sol levels due to a byperactive bypotbalamic—pituitary—adrenal (HPA) axis bave
been reported. The aim of the present study was to evaluate the relationship be-
tween cortical thinning and the serum cortisol levels during the first depressive
episode in drug-naive MDD patients using an automated surface-based mor-
pbometry (SBM) method. Methods: The institutional review board approved
this prospective study. MR imaging data were obtained using a 37T scanner by
a three-dimensional fast-spoiled gradient recalled acquisition with steady state
(3D-FSPGR). Thirty drug-naive patients with MDD and 41 age- and gender-
matched bealthy subjects (controls) were enrolled. We then used the SBM method
(Freesurfer) to generate cortical thickness maps, and measured the cortical thick-
ness in each subject. Morning blood samples were drawn from all participants
for cortisol measurements. Results: We found the serum cortisol levels were sig-
nificantly higher in the MDD patients than in the controls. The MDD patients
manifested significant thinning of the left lateral orbitofrontal cortex compared
with the controls. There was a significant negative linear correlation between
the thickness of the left lateral orbitofrontal cortex and the serum cortisol levels
in the MDD patients. Conclusions: In the early stage of MDD, the thickness
of the lateral orbitofrontal cortex was significantly reduced, and also showed
a significant inverse correlation with the serum cortisol levels. Since the lat-
eral orbitofrontal cortex contains a bigh concentration of glucocorticoid receptor,
glucocorticoid receptor-mediated signaling transductions could contribute to neu-
rotoxicity, which might occur when there are bigh cortisol levels in patients with
MDD. Depression and Anxiety 32:702-708, 2015. © 2015 Wiley Periodicals, Inc.
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Research Article: Cortical Thinning and Serum Cortisol Levels in Depression 703

Key words: Hypothalamic—pituitary-adrenal (HPA) axis; voxel-based mor-
phometry (VBM); Diagnostic and Statistical Manual of Mental Disorders
(DSM)-IV-TR; 17-item Hamilton Rating Scale for Depression (HAMD 17);

glucocorticoid receptor

INTRODUCTION

M-.m_\' theories exist regarding the pathophysio-
logical basis of major depressive disorder (MDD),
gene—environmental and endocrine dysfunction are all
considered to be risk factors influencing MDD.!!
Previous studies provided evidence that hyperactive
hypothalamic—pituitary-adrenal (HPA) axis and cor-
tisol hypersecretion have been observed in MDD
patients.”=| The elevated cortisol level was present in
25-30% of MDD padents.!'% Thus, deregulation of
the HPA axis is thought to play a role in the etiology of
MDD.
Although high cortisol levels are known to have the
neurotoxic effect, there is only one voxel-based mor-
phometry (VBM) study that showed the inverse correla-
tion between the cortisol levels and brain morphologic
changes in MDD. The authors found that anterior cin-
gulate cortex volume in MDD patients were significantly
decreased compared with those in controls, and the an-
terior cingulate cortex volume showed the si$m'ﬁcant
inverse correlations with the cortisol levels.!'!! How-
ever, to our knowledge, there have been no studies that
have recruited first-episode, drug-naive MDD patients.
Therefore, it remains controversial whether the changes
in gray matter volume reflect the pathogenic elements
of depression or an underlying neurobiological trait of
depression.
In addition, regarding a whole-brain voxel-wise anal-
ysis procedure, the VBM provides a mixed measure of
the cortical gray matter, including the cortical thickness,
intensity, cortical surface area, and cortical folding.!*?)
Morcover, the VBM is especially susceptible to the de-
gree of smoothing, differences in registration, and the
choice of normalization template.""?! Recently, a surface-
based morphology (SBM) analysis has been proposed to
idendify the differences in the thickness of the cortical
gray matter on the surface of the brain. Compared with
the results obtained by VBM, the cortical thickness de-
termined by SBM is often regionally specific, although
VBM and SBM have been considered to be complemen-
tary approaches.!'?] A previous study showed that, during
the aging process in healthy individuals, SBM provided
a more sensitive measure of the age-associated decline
in gray matter compared with VBM.I"¥) Our search of
the literature found that no previous investigations have
evaluated the relationship between the cortical thickness
and the cortisol levels in MDD patients using a SBM
method. In this study, we used SBM method to investi-
gate the relationship between cortical thinning and the
cortisol levels during the first depressive episode in drug-
naive MDD patients.

MATERIALS AND METHODS

PARTICIPANTS

This study was approved by our institutional review board. Written
informed consent was obtained from all participants after they were
provided a detailed description in the purpose of our study.

The first-episode and drug-naive MDD patients were recruited.
A psychiatrist (K.H., with 9 years of experience in psychiatry) who
was blinded to the serum cortisol levels and imaging data of all pa-
tients, diagnosed the patients with MDD using fully Scructured Clini-
cal Interview for DSM-IV-TR Research Version, Non-Patient edition
(SCID-I/NP). To qualify for study entry, the patients with MDD had
not met the criteria for any past DSM-IV-TR Axis I disorder via inter-
views by the psychiatrist. In short, any MDD patients in this study did
not have past episodes of mood disorders. The severity of depression
was evaluated using the 17-item Hamilton Rating Scale for Depres-
sion (HAMD-17). Only those with a total HAMD-17 score =14 were
eligible for the study. Between March 2009 and January 2014, 43 con-
sccutive patients were included. From these patients, the psychiatrist
excluded patients who met the following criteria: (1) 2 history of neuro-
logical discase and the presence of psychiatric disorders on either Axis
I (schizophrenia, other affective disorders, etc.) or Axis IT (personality
disorders, mental retardation, etc.; # = 5), (2) comorbid substance use
disorders (» = 3), and (c) unwilling to give informed consent (7 = 2).
In addition, three MDD patients were excluded because of the error in
the blood sampling timing (sce the section of “serum cortisol assay™).
Therefore, 30 right-handed, first-episode, drug-naive MDD patients
were included (17 males, 13 females; mean age, 44.9 + 13.0 years).
Twenty-two of the 30 patients were inpatients and eight patients were
outpatients. Ten patients had a current anxiety disorder, and two had
subthreshold anxiety symptoms.

Forty-cight age- and gender-matched healthy subjects (controls;
30 males and 18 females; mean age, 42.5 & 10.8 years) were also re-
cruited via an interview conducted by the same psychiatrist using fully
SCID-I/NP from nearby communities, who included not only staffs at
our institution, but also their relatives by blood or marriage and close
friends. None of them had a history of serious medical or neuropsy-
chiatric illness or a family history of major psychiatric or neurological
iliness among their first-degree relatives. From them, seven partici-
pants were excluded because of the error in the blood sampling timing
(see the section of “serum cortisol assay”). Eventually, 41 controls (28
males and 13 females; mean age, 41.2 * 12.0 years) were included in
our :

Ar:‘iologiuwidm 16 years of experience who reviewed the conven-
tional MRI data (including T2-weighted images) reported no
abnormalities, such as infarcts, hemorrhages, or brain tumors m
of the study subjects.

SERUM CORTISOL ASSAY

For 30-60 min after awakening there is a surge of cortisol
secretion." Further, previous studies showed that MDD paticnts
show high morning cortisol levels.!*%1 Therefore, morning (9-10
A.M.) blood samples for a cortisol assay were drawn at 1 hr after awak-
ing. Three subjects in MDD patients and seven subjects in controls
were excluded because the blood sampling time was over 1 hr after
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TABLE 1. Demographic and clinical information

1-Test? x2 Test®
Healthy subjects (n = 41) MDD patients (» = 30)
Mean = SD (range) Mean = SD (range) t P x? P
Age(years) 41.2 £+ 12.0 20-65) 449 £ 13.0 20-67) -1.24 220
Gender 28(M), 13 () 17 (M), 13 () 1.01 =32
HAMD-17 score 21.0 £ 6.0
Serum cortisol (nmol/1) 95+34 12354 —-2.54 <.05

SD, standard deviation; MDD, major depressive disorder; HAMD, Hamilton Rating Scale for Depression.
*Independent sample #-test was used to assess the differences between HS and MDD patients in terms of age and serum cortisol levels.

®x? Test was used to investigate the gender comparison.
P < .05(two-tailed) represented for statistic significant.

All samples were immediately centrifuged; the serum was stored
at —20°C unul it was assayed. Ethanol precipitation of proteins
was followed by a direct radioimmunoassay using a highly specific
antibody.!'7!

MRI ACQUISITION AND IMAGE PROCESSING

MR imaging data were obtained on a 3T MR system (Signa EX-
CITE 3T; GE Healthcare, Wankesha, WI) with an eight-channel
brain-phased-array coil. Original T; image were acquired by three-
dimensional fast-spoiled gradient recalled acquisition with steady state
(3D-FSPGR). The acquisition parameters were as follows: repetition
ume in milliseconds per echo time in millisecond per inversion time
in milliseconds, 10/4.1/700; flip angle, 10; ficld of view, 24 cm; sec-
tion thickness, 1.2 mm; and resoluton, 0.9 x 0.9 x 1.2 mm. All im-
ages were corrected for image distortion duc to gradient nonlinearity
using the “Grad Warp” software ['%] and for intensity inho-

mogeneity with the “N3” function.!'” The regional cortical thick-
ness was estimated using the FreeSurfer v. 5.3.0 software program
(http://surfer.nmr.mgh.harvard.edu), which has been well documented
and is freely available online. The technical details of the cortical thick-
ness analysis have been described elsewhere 2%

The entire cortex of each subject was inspected visually; topologi-
cal defects were corrected manually. Cortical thickness measurements
were obtained by reconstructing representations of the gray-white
matter boundary?®2" and the pial surface. We then calculated the
distance between these surfaces at each point across the cortical man-
tle. For each subject, the regional thickness value at each vertex was
mapped to the surface of an average brain template. This allowed the
visualization of data across the entire cortical surface. The data were re-
sampled for all subjects onto a common spherical coordinate system.”!!
The cortical map of each subject was smoothed with a 10 mm in full
width at half-maximum (FWTIM) kernel for the cortical analyses.

STATISTICAL ANALYSES

For the statistical analyses to obtain demographic data (Table 1),
we used the SPSS software program (SPSS v. 16.0, Chicago, IL). Nor-
mality was tested with the Kolmogorov-Smirnov test. As the age and
the serum cortisol levels exhibited a Gaussian distribution, we a
plied the independent sample 7-test to assess the differences between
the controls and the MDD patients. The x? test was used for gen-
der comparisons. A Pearson correlation analysis was used to compare
the serum cortisol levels and total HAMD-17 scores. A difference
of P < 05 (by the two-tailed test) was considered to be statistically

significant.
Depression and Anxiety

To investigate the differences in cortical thickness between the pa-
tients and the controls and to assess the relationship between the cor-
tical thickness and the serum cortisol levels, we performed a surface-
based analysis using the Freesurfer statistical tool QDEC after 10-mm
FWHM kernel smoothing. A general lincar model was then applied at
cach vertex. The following comparisons were performed in a whole-
brain vertex-by-vertex analysis: (1) the comparison between controls
and MDD patients, (2) the correlation between cortical thickness of
MDD patients and serum cortisol levels, (3) the correlation between
cortical thickness of controls and serum corusol levels. We set the
diagnosis as “discrete,” serum cortisol levels as “continuous.” In addi-
tion, the age and gender were set as “nuisance factors” to control for
confounding variables. It is plausible that controls and MDD patents
included in this study will show different cortical evolution rates, thus
DODS (different offsets, different slopes) has been employed. Further,
we assessed the correlation between cortical thickness and HAMDI17
total scores. In 30 MDD padents, HAMDI17 total scores were set
as “continuous” and age and gender were set as “nuisance factors.”
To correct for multple comparisons, we used 2 Monte Carlo simula-
tion for the cluster analysis. The cluster-forming threshold was set at
P < .05. Clusters were then tested against an empirical null distribu-
tion of maximum cluster size built by using synthesized Z-distributed
data across 10,000 permutations, producing clusters-wise Pvalues fully
corrected for multiple comparisons.

To calculate a correlation coefficient, we also performed an analysis
1o address the cortical thickness value in the region where the surface-
based analysis showed a significantly lower thickness of the cortex (see
the results for the left lateral orbitofrontal cortex) in MDD patients.
In the first step, labels were created by manually aligning the signifi-
cant cortisol-associated regions at P < .05 (Monte Carlo simulation;
Fig. 2: e.g., an analysis of the cortical thickness value in the left lateral
orbitofrontal cortex). Next, these labels were mapped back from the
average to all the MDD patients in order to extract the mean value of
the cortical thickness. Finally, we explored the relationship between
the mean cortical thickness values and the serum cortisol levels mea-
sured by a Pearson correlation test using the SPSS software program
(SPSS v16.0, Chicago, IL).

Since the previous study has reported the association between the
rostral anterior cingulate and cortisol levels in MDD patients,'!! we
applied an additional hypothesis-driven region of interest analysis to
test regional effects in the rostral anterior cingulate. For the region
of interest analysis, the rostral anterior cingulate was defined using
the Desikan-Killiany atlas?*) We used #-test to compare the cortical
thickness between MDD patients and controls. A Pearson correlation
analysis was used to compare the serum cortisol levels and cortical
thickness. All statistical analyses considered a value of P < .05 (two-
tailed) to indicate a statistically significant difference.
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Left hemisphere

Right hemisphere

Thinner in MDD patients
Thicker in MDD patients

OFC=orbitofrontal cortex

Negative correlation with serum
cortisol levels

Positive correlation with serum
cortisol levels

inferior temporal cortex

ACC=antenor cingulate cortex

Figure 1. (A) A comparison of the cortical thickness of MDD patients and controls. Blue clusters representing significantly thinner
cortical regions (left lateral orbitofrontal cortex) in patients with major depressive disorder (P < .05 vs. the controls, Monte Carlo
simulation). There were no clusters showing thickened cortical regions in the MDD patients (P < .05, Monte Carlo simulation). (B)
The relationship between the cortical thickness and serum cortisol levels in MDD patients. Blue clusters representing regions (left
lateral orbitofrontal, left lingual, right rostral anterior cingulate, and right inferior temporal cortices) exhibiting a significantly negative
correlation between the cortical thickness and serum cortisol in MDD patients (P < .05, Monte Carlo simulation). There were no
regions with a significantly positive correlaton in the MDD patients (P < .05, Monte Carlo simulation).

RESULTS
BASELINE DEMOGRAPHIC DATA

Table 1 shows the baseline demograj )
were no significant differences in l'nc age and gender be
ind patien I
ANnd patient

tween the controls : 1 cortisol lev
els were significantly h!“i 1erin the \H)l) ents t
the controls. There is no signific: mr correlation between
the serum cortisol levels | HAMD-17 sc

(r=.01, P=37).

inin

LOL: ores

iH(

WHOLE-BRAIN CORTICAL THICKNESS
ANALYSIS

In the group comparisons using a whole-brain vertex-
by-vertex analysis, with adjustments for age
der, the MDD patients manifested a significantly lower
thickness of the left lateral orbitofrontal cortex (P < .05,
Monte Carlo simulation; Fig. 1A, blue clusters). There
were no regions where the cortical thickness was signif-
icantly greater in the patients than in the controls. The
coordinates of the significantly thinner cortical regions
are presented in Table 2.

Our whole-brain vertex-by-vertex correlation anal-

and gen-

ysis of MDD patients showed that the thickness of

the left lateral orbitofrontal, left lingual, right ros-
lx.a] anterior cingulate, and right inferior temporal cor-
gnificantly negative correlation with
05, Monte Carlo sim

There were

ices exhibited a si
I}u serum cortisol levels (P
Fig. 1B, blue ('m«tcrs).

li]AiUHI‘., no e

gions manifesting a significant positive correlation in

MDD patients (P < .05, Monte Carlo simulation:
Fig. 1B).
The analysis of the cortical thickness value also re-

vealed a \wnmmnd\ negative correlation between the
cortic: x] thickness in the left lateral orbitofrontal cor-
tex and the serum cortisol levels (I = —.60 . P < .()),
two-tailed; Fig. 2). There is no significant correlation
between cortical thickness and serum cortisol levels on
vertex-by vertex analysis of controls (P > .05, Monte
Carlo simulation). No significant correlation between
cortical thickness of MDD patients and HAMDI17 total
scores were found in whole-brain vertex-by-vertex cor-
relation analysis (P > .05, Monte Carlo simulation).

REGION OF INTEREST ANALYSIS OF THE
ROSTRAL ANTERIOR CINGULATE

The significant negative correlation between the cor-
tical thickness and serum cortisol levels were found in
the region of interest an;xl\'sis in the bilateral rostral
anterior cingulate (right: » = =57, P < .03, left: » =
—.54, P < ()\) However, there was no significant dif-
ference in the cortical rlml\nu\ lmr\ucn ‘controls and
MDD patients (right: 2.54 & 0.23 vs. 2.38 £ 0.45 mm,
P = 06, left: 2.64 + 0.22 vs ’.4() _t 0.44 mm, P =
09),

Depression and Anxiety
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TABLE 2. Cortical regions with significant differences in cortical thickness between HS an

Liu et al.

d MDD patients

Cortical regions Size (mm?) TalX? TalY® Talzb CWP
Thinner in MDD padents®
LH
Lateral OFC 2,142.57 -26.3 23.8 -6.0 .001
Correlation with serum cortisol levels in MDD patients®
LH
Lateral OFC
Medial OFC 2,044.41 —26.3 238 —6.0 .Olf_)
Lingual cortex 1,849.97 —19.5 —-56.6 —-6.4 005
RH
Rostral ACC 1,693.98 6.6 35.6 15.8 .002
2,499.68 46.9 -21.1 —26.6 006

Inferior temporal cortex

HS, healthy subjects; MDD, major depressive disorder; LH, left hemisphere; RH, right hemisphere; OFC, orbitofrontal cortex; ACC, anterior

cingulate cortex; CWP, cluster-wise P-value,

*Significantly thinner cortical regions and cortisol-associated regions in MDD patients were detected by using FreeSurfer v

Carlo simuladon)
bBased on Talairach and Toumoux system.

DISCUSSION

To our knowledge, this study provides the first
evidence of the relationship between the cortical thick-
ness and the morning serum cortisol levels in MDD
patients. Furthermore, the strength of this study lies
in the recruitment of the first depressive episode and
drug-naive MDD patients, compared with the previous
studies on MDD p;xtxcms.“” In this study, we found
that the thickness of the left lateral orbitofrontal cortex
in MDD patients was significantly decreased compared
with that in controls. Another interesting finding was
that there was a negative linear correlation between the
cortical thickness of this region and the serum cortisol

A

Left lateral orbitofrontal cortex

”
4
o
[
-
>4
£
-
.
¥
e
-
]
o

5.3.0. P < .05 (Monte

levels. Therefore, our results may indicate that, in
early stage MDD patients, exposure to glucocorticoids
might be related to the atrophy of lateral orbitofrontal
cortex.

The previous studies demonstrated that orbitofrontal
cortex dysfunction caused the characteristic state of
depression, including an impaired ability to interrupt
perseverative melancholic thoughts and anxious re-
sponses to ordinarily nonthreatening stimuli.!2¥ Many
previous neuroimaging studies support the involvement
of the orbitofrontal cortex in multiepisode patients with
MDD, confirmed by both a lower volume in this region
using VBM[%:26] and cortical thinning using SBM.[#7:28]

Left lateral orbitofrontal cortex

Serum cortisol levels

Figure 2. A negative corrclation between the cortical thickness of the left orbitofrontal cortex and the serum cortisol levels. (A) A
separate regression line is given for the left orbitofrontal cortex in MDD patients. (B) Scatter plots of the regional cortical thickness and
serum cortisol levels in the left orbitofrontal cortex showed a significant negative linear correlation (r = —.600, P < .05).

Depression and Anxiety
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Our findings are consistent with these previous studies,
as well as indicated that the alternation of left lateral
orbitofrontal cortex had already been presented in the
carly stage of depression. We suggested that the ob-
served thinness of these regions might reflect a cause
rather than a consequence of MDD. This conclusion is
supported by a finding of thinness of orbitofrontal cortex
in individuals at risk for familial depression.”)

In this study, the thickness of the lateral orbitofrontal,
lingual, rostral anterior cingulate and inferior tempo-
ral cortices exhibited a significantly negative correla-
tion with the serum cortisol levels, Based on the re-
gion specificity, these findings might be explained by
the distribution of the glucocorticoid receptor, which is
expressed widely in the central nervous system by neu-
rons and glia.’¥ Previous animal studies demonstrated
that the cortices containing high concentrations of glu-
cocorticoid receptors were vulnerable to the noxious ef-
fects of glucocorticoids, consequently impairing the neu-
ronal plasticity and neurogenesis.?%3!! The limbic and
frontal regions are thought to contain high concentra-
tions of glucocorticoid receptor,B%3233 and these limbic
and frontal regions include the lateral orbitofrontal, in-
ferior temporal, and rostral anterior cingulate cortices
that we identified as being affected in the patients in this
study.

Although there was significant difference of the corti-
cal thickness in the lateral orbitofrontal cortex between
MDD patients and controls in this study, we did not
find any significant differences in other regions (the lin-
gual, rostral anterior cingulate, and inferior temporal
cortices) which showed significantly negative correla-
tions with the cortisol levels. Although the reasons for
these results are difficult to explain, the orbitofrontal
cortex seems to be more vulnerable to hypercortisolism
than other brain regions. Anatomically, the orbitofrontal

cortex is a heterogencous region that has connections
with other prefrontal, limbic, sensory, and premotor
arcas,?% am}J is linked to the mesolimbic dopamine sys-
tem that is critical for various drug rewards,”® such as
an alcohol,**! nicotine,?¥ and cocaine.*” Therefore or-
bitofrontal cortex might also be prone to be affected by
hormonal changes, such as hypercortisolism. Another
possible reason for the current negative findings in the
i , rostral anterior cingulate and inferior temporal
cortices could be that these regions are normal or that the
pathological changes may be too subtle to be detected
with our technique during the first depressive episode.
Although, regarding the rostral anterior cingulate, we
applied an additional hypothesis-driven region of inter-

there was no significant difference between

and MDD patients. In the chronic stage of

1s investigations have found a rcdumol-
¥ %ons using VBMP¥ and
A5 T his fact suggests that the volume reduction
ese regions may lag behind that in the orbitofrontal

! J{ nrmdy is associated with some limitations that
ould be kept in mind when interpreting the results,

First, the small numbers of patients studied at only one
institution constituted limitations, which might be sam-
pling bias. For example, in our patients, the mean age was
45 years, there were more men than women and any co-
morbid condition was excluded. The mid forties may be
an unusual age for first onset of depression in individuals
with no other mental disorder. Second, an evaluation re-
garding the environmental stress was not included in the
present study. Environmental stress is a major stimulus
of the HPA response, and elicits reactions from brain
structures,®#) Seudies on the relationship between en-
vironmental stress, the FHIPA axis and the symptoms, and
behaviors of MDD patients and investigations of gray
matter changes in these patients are underway in our lab-
oratory. Furthermore, the orbitofrontal cortex, which is
important in the cortical limbic dysregulation model of
depression,?”] is thought to play a major role in cogni-
tive control and the voluntary or effortful regulation of
emotions.* Tn this study, the small sample size of the
MDD patients also might make it difficult to reveal po-
tential associations between symptom severity and cor-
tisol or thickness of the orbitofrontal cortex. Therefore,
the relationship between the HPA axis and the func-
tional abnormalities in the orbitofrontal cortex in the
carly stage of MDD might be an interesting topic for
further study of larger numbers of patients.

In conclusion, in the early stage of MDD, the thick-
ness of the lateral orbitofrontal cortex was significantly
reduced, and also showed a significant inverse correla-
tion with the serum cortisol levels. Since the lateral or-
bitofrontal cortex contains a high concentration of glu-
cocorticoid receptor, glucocorticoid receptor mediated
neurotoxicity might occur under the high cortisol levels
present in MDD patients. An SBM analysis of the whole
brain may be useful to explore the pathophysiology of
the early stage of MDD; and our data indicate that the
lateral orbitofrontal cortex seems to be more vulnerable
to hypercortisolism than other brain regions.
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Bl ABSTRACT

The role of exercise in the treatment of depression

Hikaru Hori, Atsuko Sugita, Asuka Katsuki, Reiji Yoshimura, Jun Nakamura

Department of Psychiatry, School of Medicine, University of Occupational and Environmental Health

In Japan, the number of patients with depression is increasing. Although psychotherapy, drug therapy, environmental
manipulation, and other strategies are applied in treating depression, the remission rates are not necessarily high.
Furthermore, even if remission is achieved and allows patients to return to work, the rates of repeated work absences are
also known to be high. In addition to the current therapeutic strategies, non - drug therapies are also expected to be
important. Among such treatments, exercise therapy has a large role. In the treatment of depfe:ssion, exercise therapy may
contribute to relieving psychiatric symptoms through the noradrenergic nervous system and to allow continuation of work
through the maintenance of high physical activity. In terms of preventing depression, exercise therapy is also considered to
play a large role and expected to be effective in alleviating depressive symptoms and improving the sleep rhythm.
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