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abstract

How We Can Practice Cognitive Behavioral Therapy for Schizophrenia -
Evidence and Clinical Adaptation

Emi Ikebuchi

As cognitive behavioral therapy for schizophrenia, social skills training (SST) had developed
since early 1970, and Cognitive behavioral therapy ( CBT) targeted at psychotic symptoms has
followed and disseminated. Intervention studies have verified until recently that SST improved
social functioning and CBT decreased psychotic symptoms. However several meta—analysis
( Cochrane systematic review and so on) have published since 2008, and reported that CBT had no
significant effect over other psycho-social treatment, or small effectsize as compared with control
therapy. Schizophrenia bases broadly biological etiology, so psychosocial treatment as general have
not so large impact. There is a discrepancy between intervention studies and real world practice :
unified protocol for diverse subjects, no use of combined psychosocial treatments, only objective
outcome variables, and so on. In real world practice we can use SST and CBT effectively under
condition of combined pharmacotherapy and several psychosocial treatments and individualized
treatment plan considering patient’s values and preferences. CBT is thought to be very useful as a
tool for collaborating with patients in community based treatment. CBT is also observed its
effectiveness in peer support group.

Key words  schizophrenia, cognitive behavior therapy, social skills training (SST), psycho-social
treatment, evidence based practice (EBP)

Jpn Bull Soc Psychiat 23:188-195, 2014
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ABSTRACT

Cortisol dysregulation has been proposed to be involved in depression. Hypothalamic-pituitary—adrenal
(HPA) axis dysregulation associated with major depressive disorder (MDD) was previously reported to be
higher in the elderly. Furthermore, insulin resistance and the prevalence of type 2 diabetes are known to
increase with aging. The aim of the present study was to determine whether a relationship existed
between plasma cortisol levels following the dexamethasone/corticotrophin-releasing hormone (DEX/
CRH) test and insulin resistance evaluated by the homeostasis model assessment of insulin resistance
(HOMA-R) in elderly MDD subjects. Fifteen unmedicated MDD inpatients and 17 age- and sex-matched
healthy controls participated in this study. After overnight fasting, blood samples were collected to
measure plasma glucose and insulin concentrations, estimate HOMA-R, and perform the DEX/CRH test to
evaluate HPA axis function. The value of the area under the time curve of plasma cortisol concentrations
(Cortayc) and peak cortisol values (Cortpeax) following the administration of DEX/CRH both correlated
with HOMA-R in MDD group. In contrast, neither Cortayc nor Cortpeq correlated with HOMA-R in
controls. This is the first study to directly demonstrate the relationship between HPA axis dysregulation
assessed with the DEX/CRH test and the index of insulin resistance estimated as HOMA-R in elderly MDD
patients.

© 2015 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

A relationship has been identified between MDD and type
2 diabetes, which have also been proposed to partially share a
common etiology (Iwata et al., 2013); MDD was shown to increase
the incidence of type 2 diabetes (relative hazard [RH] 1.63, 95% CI
1.31-2.02) (Golden et al.,, 2004) and the comorbidity rate of MDD
in type 2 diabetic patients was estimated to be higher than that in
the non-diabetic population (Gavard et al.,, 1993). A meta-analysis
performed by Gavard et al. (1993) revealed that the prevalence of
depression in current diabetic patients ranged between 8.5% and
27.3% (mean=14.0%), which was three-fold higher than the pre-
valence of MDD in the general adult population.

The risk factors for MDD in diabetic patients include the burden
of diabetes management and arteriosclerosis (Schillerstrom et al.,

* Corresponding author. Tel.: +81 85938 6547; fax: +81 85938 6549.
E-mail address: kyinyonago@yahoo.co.jp (K. Yokoyama).

http://dx.doi.org/10.1016/j.psychres.2015.01.026

2008). On the other hand, the risk factors for diabetes in patients
with depression involve reduced daily activities, overeating, and
hypercortisolemia (Pariante and Lightman, 2008). Hypercortisole-
mia has been attributed to hypothalamic-pituitary-adrenal (HPA)
axis dysregulation, which is one of the most reliable biological
findings of MDD (Pariante and Lightman, 2008), has been impli-
cated in the development of insulin resistance (Manoudi et al,
2012), and is a risk factor for type 2 diabetes (Brown et al., 2004).
However, evidence for the relationship between hypercortisolemia
and insulin resistance is limited to a cross-sectional study that
only recruited normal volunteers (Rizza et al., 1982). This study
demonstrated that cortisol-induced insulin resistance was caused
by a decrease in both hepatic and extrahepatic sensitivity to
insulin.

HPA axis dysregulation associated with MDD was previously sho-
wn to be more prevalent in the elderly (Hatzinger et al, 2011), and
insulin resistance and the prevalence of type 2 diabetes have both been
reported to increase with aging (Rowe et al,, 1983). Regarding depres-
sion, community-based studies identified a relationship between aging

0165-1781/© 2015 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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and prevalence of MDD (Beekman et al, 1999; Naismith et al, 2012).
Moreover, a meta-analysis revealed that aging itself may be an imp-
ortant risk factor for MDD ‘(Snowdon, 2001). A previous study also
found that the prevalence of type 2 diabetes was the highest in the
elderly (Danaei et al., 2011). Taken together, these findings suggested
that a positive relationship exists between hypercortisolemia arising
from HPA axis dysregulation and insulin resistance in elderly MDD
patients.

Elevated cortisol levels have been shown to worsen glucose
tolerance (Di Dalmazi et al,, 2012). Insulin resistance may aggravate
type 2 diabetes and cardiovascular disease, but not hypercortisole-
mia, which may develop due to the excess secretion of adrenocorti-
cotrophic hormone (ACTH) or administration of a glucocorticoid
treatment, but not directly from insulin resistance (Meigs, 2003;
Prague et al.,, 2013). Therefore, we hypothesized that depression or
depressive episodes may have effects on cortisol dysregulation and
also that the resultant hypercortisolemia may subsequently lead to
the development of insulin resistance in patients with depression. In
the present study, we investigated whether hypercortisolemia result-
ing from HPA axis dysregulation was directly associated with insulin
resistance in elderly MDD patients. The primary aim of the present
study was to determine whether plasma cortisol levels following the
dexamethasone/corticotrophin-releasing hormone (DEX/CRH) test
correlated with insulin resistance evaluated with HOMA-R in elderly
MDD subjects.

2. Methods
2.1. Subjects

Fifteen unmedicated inpatients from the psychiatry ward, Tottori University
Hospital, Yonago, Japan and 17 age- and sex-matched controls participated in this
study with written informed consent between November 2008 and December 2012
following a full explanation of the study. All were older than 60 years. Fifteen
inpatients met the criteria of MDD from the Diagnostic and Statistical Manual of
Mental Disorders 4th edition (DSM-IV). The diagnosis of MDD was then confirmed
by Mini-International Neuropsychiatric Interview Control (M.LN.I) (Sheehan et al.,
1998). Seventeen control subjects were recruited from the community in Tottori,
Japan via an official employment agency. They met neither current nor lifetime axis
I disorders of DSM-1V, which was then confirmed by M.LN.L. Exclusion criteria for
all subjects were as follows; (1) somatic disorders such as diabetes, chronic
inflammatory disease, autoimmune disease, endocrine disease, and neoplasm,
which directly or the treatment of which could influence insulin resistance or
plasma cortisol levels; (2) clinical evidence of other central nervous system
disorders based on a clinical history and medical examination. Mental ability was
examined using the Mini-Mental State Examination (Folstein et al.,, 1975) with a
cut-off point of 24; (3) a current or past history of the abuse of illegal drugs or other
substances such as benzodiazepines and alcohol; (4) past history of a head injury;
and (5) taking any psychotropic drug such as antipsychotics, antidepressants, and
mood stabilizers for the preceding two weeks prior to this study because these
drugs are known to influence the HPA axis and insulin resistance (Bergman and
Ader, 2005; Bschor et al., 2011; Kunzel et al,, 2003; Mondelli et al., 2010).

This study was approved by the Ethics Committee of Tottori University Faculty
of Medicine and all subjects gave written informed consent after a full explanation
of the study.

2.2. Physical measurements and depression scale assessment

The heights (m) and weights (kg) of elderly MDD subjects were measured on
admission, and just before this study for the control subjects. The Hamilton
depression scale (HAM-D17) (Hamilton, 1960) was assessed in elderly MDD
subjects.

2.3. Assessment of HPA function

The DEX/CRH test is the most sensitive measurement of HPA axis regulation
(Kunugi et al., 2012), and was, thus, conducted to assess HPA axis regulation in all
subjects. The test was performed with a PO pretreatment of 1.5 mg DEX (‘decadron’
0.5 mg, Nichiiko Pharmaceutical Corporation, Toyama, Japan) at 23:00 h. An IV
catheter with heparinized physiological saline was inserted into a forearm vein at
14:30 h on the following day, and 100 jig human CRH (hCRH ‘TANABE', Mitsubishi

Tanabe Pharma Corporation, Osaka, Japan) was injected through the catheter at
15:00 h immediately after the first (= 0 min) blood sampling. Blood samples were
taken 30, 60, and 90 min after the injection of CRH in order to measure plasma
ACTH and cortisol concentrations. Subjects rested supine in hospital beds through-
out the test. Blood samples were cooled in ice water, rapidly centrifuged in a tube
for 10 min at 3000 rpm at 4 °C, and then stored at —20 °C until later analyses.
Plasma ACTH and cortisol concentrations were measured using an electrochemi-
luminescent immunoassay and chemiluminescent enzyme immunoassay, respec-
tively, at SRL Co. (Tokyo, Japan). The limits of detection for ACTH and cortisol were
5.0 pg/ml and 1.0 pg/dl, respectively. ACTHpase and Cortpase Were defined as the
plasma concentrations of ACTH and cortisol, respectively, in the blood sample
obtained at 15:00 h. ACTH30, ACTHgo, and ACTHgo were defined as the plasma ACTH
concentrations measured 30, 60, and 90 min, respectively, after the IV infusion of
CRH. Cortsg, Cortgg, and Cortgy were similarly designated for plasma cortisol
concentrations. The area under the time curve (AUC) was calculated according to
the trapezoidal rule (e.g. Cortayc for the AUC of cortisol). Cortyeax Was the peak
value of the plasma cortisol concentration in response to CRH. ACTHpyc and
ACTHgpea Were defined in a similar manner. Regarding criteria for the suppression
of cortisol levels with DEX, we followed those described in a previous study
(Kunugi et al.,, 2012), in which abnormal “non-suppression” was defined as Cortpase
of >5.0 pg/dl irrespective of the size of Cortyear, and “intermediate-suppression”
as Cortpase Of < 5.0 pg/dl and Cortyeax of > 5.0 pg/dl

2.4. Assessment of insulin resistance

In the present study, insulin resistance was assessed with the homeostasis
model assessment of insulin resistance (HOMA-R) because it is one of the most
extensively used measurements of insulin resistance in clinical settings (Wallace
et al., 2004). Its formula is the basal insulin level multiplied by the basal plasma
glucose concentration divided by 22.5. Normal values were previously estimated as
1.62 +£0.96 (Matthews et al.,, 1985). After overnight fasting, blood samples were
collected to determine plasma glucose and insulin concentrations. Plasma glucose
levels were measured using an enzymatic assay and plasma insulin levels were
measured using a chemiluminescent immune assay at SRL Co.

2.5. Schedule of the hormonal examination

Blood samples were collected on the first day. The PO pretreatment with 1.5 mg
DEX was conducted on the second day at 23:00 h, and the DEX/CRH test was
conducted on the third day.

2.6. Statistical analysis

In order to make comparisons between patient and control groups, an unpaired
t-test was used to assess differences in the following items; age, BM], and fasting
blood sugar (FBS). The Mann-Whitney test was used to assess differences in the
following items; Cortpeax, ACTHpeak, Cortauc, ACTHauc, and HOMA-R, Fisher's exact
test was used to assess differences in the ratio of sex, non-suppression, and
intermediate-suppression between the two groups. Spearman rank correlation
coefficients were determined to assess the relationships among age, BMI, HAMD,
and hormonal parameters, such as ACTH, cortisol, and HOMA-R because of the
strongly skewed distribution of these hormonal parameters. A value of p < 0.05 was
considered significant. Data analyses were performed using SSPS for Windows 17.0
(SSPA Inc. Chicago).

3. Results

The demographic and clinical characteristics of the elderly MDD
patients and control subjects are shown in Table 1. No significant
differences were observed in these characteristics or FBS, Cortyear,
Cortayc, ACTHpear, ACTHauc, and HOMA-R between the two groups
(Table 2). The ratio of the number of participants assessed as
abnormal, non-, and intermediate-suppression in the DEX/CRH test
was significantly higher in the patient group than in the control
group (Fisher's exact test; p < 0.05, ¢ coefficient 0.39) (Table 3).

Metabolic characteristics, endocrinal responses, age, and HAMD
for the elderly MDD subjects, controls, and all subjects are shown in
Table 4. No correlation was observed between BMI and endocrinal
parameters in all subjects, in the control subjects, and in the elderly
MDD patients, with the exception of a correlation between BMI and
HOMA-R in all subjects (Rho=0.48; p<0.05) and in the control
subjects (Rho=0.76; p < 0.05). However, this correlation was not
found in the elderly MDD patients. Regarding the relationship
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between HPA axis function and insulin resistance, indices of the HPA-
axis, Cortpeax and Cortaye did not correlate with HOMA-R in all
subjects and in the control subjects. However, Cortayc and Cortpeak
both correlated with HOMA-R in the elderly MDD patients (Rho=
0.56; p < 0.05, Rho=0.54; p < 0.05, respectively). The relationships
between Cortayc, Cortpear, and HOMA-R in all subjects, the control
subjects, and the elderly MDD patients are shown in Fig. 1. In the
elderly MDD patients, the total HAMD score correlated with Cortpeax
(Rho=0.80; p <0.05) and Cortayc (Rho=0.83; p < 0.05), as shown in
Fig. 2. The total HAM-D score did not correlate with HOMA-R.
Furthermore, no correlation was observed between age and either
BMI or endocrinal parameters.

4. Discussion

In the present study, correlations were observed between Cortayc
or Cortpeai Obtained from the DEX/CRH test and HOMA-R, an index of
insulin resistance, in the elderly MDD patients. This is the first study
to directly demonstrate the relationship between HPA axis dysregu-
lation, as revealed by the DEX/CRH test, and insulin resistance in
elderly MDD patients.

The correlation between cortisol dysregulation and insulin resis-
tance was only observed in the elderly MDD patients. Additionally,
the ratio of participants showing abnormal, non-, or intermediate-
suppression of the DEX/CRH test was higher in the elderly MDD
patients. Thus, although this study had a cross-sectional design
in nature and, thus, cannot concretely conclude any relationship

between elevated cortisol levels and insulin resistance, our results are
consistent with the hypothesis that depressive states affect cortisol
dysregulation, and also that hypercortisolemia leads to the develop-
ment of insulin resistance in elderly patients with depression.

A correlation was observed between BMI and HOMA-R in the
control subjects, but not in the MDD patients. A previous study
reported that obesity was associated with an increased risk of
developing insulin resistance. In obese individuals, adipose tissue
releases increased amounts of non-esterified fatty acids, glycerol,
hormones, pro-inflammatory cytokines, and other factors that are
involved in the development of insulin resistance. The lack of a
significant relationship between obesity and insulin resistance in
elderly MDD patients may be explained by the relatively larger
effect of elevated cortisol levels on insulin resistance in this
population.

To examine the relationship between cortisol and HOMA-R, a
multivariate analysis was considered to be appropriate in order to
assess the contribution of BMI and age; previous studies demon-
strated that BMI was positively associated with insulin resistance
(Mihic and Modi, 2008; Tjokroprawiro, 2006), and a weak negative
association has also been reported between BMI and plasma
cortisol levels (Travison et al., 2007). On the other hand, the HPA
axis associated with MDD was reported to be more prevalent in
the elderly (Hatzinger et al., 2011), and insulin resistance and the
prevalence of type 2 diabetes have both been shown to increase
with aging (Rowe et al., 1983), as discussed above. However, no

Table 4
Metabolic characteristics, endocrinal responses, age and HAMD for the elderly MDD
subjects,controls, and all the subjects.

Table 1
Demographic and clinical characteristics of the patient and control groups.
MDD n=15
MDD Control p-value
BMI HOMA-R Age HAMD
(n=15) (n=17)
Age (yr), mean (SD) 715 (7.0) 70.2 (6.0) ns HOMA-R 0.35 . 0.99 0.7
MalejFemale 78 7110 ns b Cortpeak -0.92 0.54» 0.85 OASO:
BMI (kg/m?), mean (SD) 207 (3.3) 221 (31) ns Cortaye -013 0.56% 0.93 0837
HAMD 227 (7.8) ACTHpeax —0.08 0.30 0.86 0.68"
ACTHauc —0.08 0.35 0.88 0.66*
2 Unpaired (-test. Age -
b Fisher's exact test. HAMD -0.18 0.37 0.93 -
Controls n=17
HOMA-R 0.76% - 0.93
Cortpeax -0.18 -0.06 0.52
Table 2 Cortayc —-0.89 -011 0.43
Hormonal parameters in elderly MDD patients and control subjects. ACTHpea 0.25 -019 0.51
ACTHauc -0.12 -019 0.40
MDD Control p-value Age -
MDD -+ controls n=32
FBS 98.9 (20.5) 98.58 (12.65) n.s® HOMA-R 0.48" - 0.60
HOMA-R 1.26 (0.66) 1.01 (0.81) n.s” Cortpeax -0.07 0.23 047
COrtpea 9.4 (9.8) 2.73 (2.56) n.s® Cortayc -012 0.23 038
Cortauc 663.6 (705.7) 181.5 (134.0) n.s® ACTHpeax -0.16 0.07 0.99
ACTHpeax 333 (38.4) 9.27 (12.1) n.s’ ACTHAuc -017 0.09 0.84
ACTHauce 2156.6 (2465.0) 604.68 (699.2) n.s” Age -
2 Unpaired t-test, Spearman's Rho.
b Mann-Whitney test. * P <0.05.
Table 3
Ratios of abnormal non-suppression and intermediate suppression in the elderly MDD patients and control subjects.
MDD Control ¢ coefficient
Non-suppression® 7/15(46.7) 2/17(11.8) p<0.05 0.39
Intermediate suppression” 0/15(0.0) 0/17(0.0)
Non-suppression and intermediate suppression 7/15(46.7) 2/17(11.8) p<0.05 0.39

¢ coefficient Fisher's exact test.

2 Defined as Cortyase 0f > 5.0 pg/dl irrespective of Cortpeax.
® Defined as COrtpage Of < 5.0 pg/dl, Cortpear = 5.0 pg/dL
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Fig. 1. Shows the correlation between Cortpeax and Cortayc and the DEX/CRH and HOMA-R of all the subjects, the control subjects, and the elderly MDD subjects. Cortayc and
Cortpeax both correlated with HOMA-R only in the elderly MDD subjects (Rho=0.56; p < 0.05, Rho=0.54; p < 0.05, respectively).
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Fig. 2. HAMD correlated with Cortpeax (Rho=0.80; p < 0.05) and Cortauc (Rho=0.83; p <0.05) in the elderly MDD subjects.

correlation was observed between BMI and plasma cortisol levels
or HOMA-R nor between age and plasma cortisol levels or HOMA-~
R, in the elderly MDD patients in the present study; therefore, we
adopted a univariate analysis.

Our results also indicated that the severity of the psychiatric
condition positively correlated with plasma cortisol levels. Recent
studies demonstrated that patients with more severe depression
had higher cortisol levels (Kunugi et al.,, 2006; Owashi et al., 2008),
and our results were consistent with these findings. On the other
hand, we did not find any correlation between the severity of the
psychiatric condition and the index of insulin resistance assessed
with HOMA-R. Therefore, we hypothesized that a depressive state
may affect cortisol dysregulation, and that hypercortisolemia may
then worsen insulin resistance in elderly patients with depression.

In the present study, no significant differences were observed in
any hormonal parameter such as Cortpeax and Cortayc between
control subjects and the elderly MDD patients (Table 2). Although
previous studies reported significant differences in these parameters
between these groups (Kunugi et al., 2004), others disproved such
differences in HPA regulation between healthy controls and dep-
ressed subjects (Carpenter et al., 2009; Gervasoni et al., 2004). HPA
axis dysregulation was not detected in patients with the following
attributes: being outpatients, chronic patients, long-term sick leave
patients, and atypical depression patients (Kunugi et al,, 2012), who

were not investigated in our study. Since the ratio of abnormal, non-,
and intermediate-suppression was significantly higher in the patient
group, the weak statistical power due to the small number of
subjects may be the reason for the apparent lack of significant diff-
erences in hormonal parameters between the two groups.

The number of adults over 60 years old is increasing in many
developed countries (Christensen et al., 2009). Although previous
studies demonstrated that depression indirectly influenced the
physical health of the elderly through cognitive impairments and
social factors such as a lower income and poor social support
(Mezuk et al.,, 2012; Takeshita et al., 2002), depression, per se, may
directly affect the physical health of the elderly through insulin
resistance and type 2 diabetes. From a clinical perspective, clinicians
should consider the risk of type 2 diabetes when they treat elderly
MDD patients.

The limitations of the present study are as follows: (1) the small
sample size; the number of participants in this study was rela-
tively small. The responses of the HPA axis, such as cortisol
responses, were highly variable (Cortpear; mean 5.8, S.D. 7.6,
Cortayc; mean 407.5, S.D. 542, for all subjects); thus, a large
sample size is more desirable. (2) The cross-sectional design; a
longitudinal study is required to establish a relationship between
depression, HPA dysregulation, and insulin resistance. (3) The
limited characteristics of the subjects; only inpatients and the
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elderly were included in this study. Outpatients, remitted patients,
and other generations of subjects are needed to more accurately
examine the relationship between HPA dysregulation, insulin
resistance, and age; however, it is possible that the correlation
observed between cortisol levels and insulin resistance may be
specific to elderly patients. (4) Other limitations include the lack of
consideration of the duration of the current depressive episode,
frequency of depressive episodes in the life of the patient, the
nature of the depressive state, such as psychotic or non-psychotic,
typical or atypical, and a family history of diabetes. (5) The multi-
plicity of the statistical tests was not considered, and, thus, in
combination with the small sample size, the results of the present
study should be taken as exploratory at best.
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The activation of oxygenated hemoglobin (oxy-Hb) has been shown to be lacking in the prefrontal cortex
(PFC) of patients with late-onset depression (LOD), in verbal fluency task (VFT)-related near-infrared
spectroscopy (NIRS). In our previous studies, we have emphasized the connection between the lack of
activation in the frontopolar cortex and social functioning disorder in patients with LOD. In this study, we
investigated whether the responsiveness to medical treatment of untreated patients with LOD, partic-
ularly social functioning improvements, could be predicted by NIRS findings at the initial examination.
The subjects were 29 patients with LOD who were diagnosed with major depression at 65 years or older
at the initial examination (mean age + standard deviation, 72.4 + 5.71 years). We measured the changes
in hemoglobin concentration in the prefrontal and temporal cortex regions during a VFT by using 52-
channel NIRS. In addition, depression status and social functioning were evaluated with the Hamilton
Depression Rating Scale and the Social Adaptation Self-evaluation Scale, respectively, at the initial ex-
amination and 8 weeks after the treatment. A negative correlation was found between the NIRS acti-
vation in the right ventrolateral PFC region before treatment and the improvement in social functioning.
These results suggested that the social functioning improvements were greater in LOD with initially
lower NIRS activation in the right ventrolateral PFC region. NIRS is a simple technique that can be used
before treatment to evaluate the social functioning levels of patients with LOD, and predict social
functioning improvement after treatment.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

et al,, 2002). It has been suggested that improvements in social
functioning are important for patients with depression to be able to

As the aging of populations continues in society, there has been
a growing interest in psychiatric disorders in the elderly (WHO,
2008). Depression, which is a disease with a high prevalence, is
common in the elderly in the general population (Blazer, 1989; NIH
consensus conference 1992). In recent years, increased knowledge
of the disease and the increased use of pharmacotherapy with new-
generation antidepressants such as selective serotonin reuptake
inhibitors and selective serotonin noradrenaline reuptake in-
hibitors have resulted in improved treatment effects in patients
with depression. However, social functioning disorder remains
despite improvements in the depression symptoms (Hirschfeld

* Corresponding author. Tel.: +81 859 38 6547; fax: +81 859 38 6549.
E-mail address: pshh0517@yahoo.cojp (S. Pu).

http://dx.doi.org/10.1016/j.jpsychires.2015.01.009
0022-3956/© 2015 Elsevier Ltd. All rights reserved.

adapt to society. Thus, social functioning is being taken into
consideration in the treatment of patients with depression. Social
functioning is instrumental to the quality of life, and it requires
complex operations of various executive functions that include
monitoring, reasoning, organizing, selecting, and planning.
Depression and schizophrenia cause severe impairments in social
functioning (WHO, 2004). Social functioning has received wide-
spread attention as one of the most important outcomes in psy-
chiatric disorders and has been related to cognitive functioning and
the underlying brain activity.

The dysfunction of the prefrontal cortex (PFC) in patients with
depression has been reported in previous studies that used neu-
ropsychological tests (Beats et al., 1996; Degl'lnnocenti et al., 1998;
Moritz et al., 2002). This PFC dysfunction in patients with depres-
sion has been increasingly clarified by functional brain imaging
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studies (Baker et al., 1997; Baxter et al., 1989; Drevets et al., 1997;
Nobler et al., 2002; Okada et al., 2003, 2009). To date, it has been
widely reported that cerebral blood flow and glucose metabolism
are decreased in the dorsolateral prefrontal cortex and increased in
the ventrolateral and ventromedial prefrontal cortex in patients
with depression (Drevets, 2000). The medial prefrontal cortex has
dense reciprocal connections with the amygdala and is presumed
to inhibit the abnormally increased amygdala activity in patients
with depression (Etkin et al., 2011). The medial prefrontal hyper-
activity may indicate the need for stronger control in patients with
depression compared to healthy controls. By contrast, lateral pre-
frontal area has primarily been associated with cognitive functions.
However, recent studies suggest that the cognitive control func-
tions may also pertain to emotion. Specifically, functional imaging
studies demonstrate the recruitment of the lateral prefrontal area
during the regulation of negative emotion through reappraisal/
suppression strategies (Eippert et al., 2007; Levesque et al., 2003;
Ochsner et al., 2002, 2004; Phan et al, 2005). Thus, a defect in
the regulation of negative affect due to lateral prefrontal dysfunc-
tion is indeed a plausible mechanism for causing depression.

Multichannel near-infrared spectroscopy (NIRS), a functional
neuroimaging technology widely used in recent years, can measure
the hemodynamics over the surface of the cortices of the bilateral
frontotemporal regions (Heinzel et al, 2013; Strangman et al,
2002a). This technique enables the detection of spatiotemporal
characteristics of brain function by measuring the concentrations of
oxy-hemoglobin (oxy-Hb) and deoxy-hemoglobin (deoxy-Hb),
which are assumed to reflect the regional cerebral blood volume as
demonstrated by good correlations with functional MRI (fMRI)
signals (Sato et al., 2013). NIRS has several advantages over existing
imaging techniques, such as positron emission tomography (PET),
Single photon emission computed tomography (SPECT), and func-
tional magnetic resonance imaging (fMRI), because it is noninva-
sive, without using any radioactive substances, and is easy to
administer, tolerates small movements, is inexpensive, and pro-
vides excellent time resolution (Ferrari and Quaresima, 2012).
Meanwhile, it also contains disadvantages such as its poor spatial
resolution, and the fact that it could not measure the deeper layer of
the brain. Indeed, NIRS has been used to assess brain functions in
many psychiatric disorders (Kameyama et al., 2006; Matsuo et al.,
2003; Pu et al., 2008; Takizawa et al.,, 2014). In addition, NIRS was
approved for application in clinical practice by the Ministry of
Health, Labor, and Welfare of Japan in April 2009 as a clinical
evaluation method for the differential diagnosis assistance of
depression symptoms in psychiatric treatment in Japan. NIRS,
which is a simple and noninvasive technique that can analyze the
temporal course of brain function changes over a short period and
in a natural position, allows for a relatively convenient examination
that can be conducted in the outpatient clinic. In particular, it is a
functional brain imaging examination that poses relatively little
burden on elderly patients.

Table 1
Demographic and clinical variables of the participants.

There have been several reports on the use of NIRS in patients
with late-onset depression (LOD). A consistently reduced oxy-Hb
activation in the PFC (hypoactivation) has been observed in pa-
tients with LOD according to NIRS findings in a study using a verbal
fluency task (VFT) with the initial sounds of words, which is most
commonly employed (Matsuo et al,, 2000, 2005; Pu et al., 2008).
However, there have only been a few reports on the connection
between therapeutic responses in patients with LOD and NIRS
findings. An objective diagnostic method for the prediction of
depression treatment responses has yet to be established in other
studies of neurological functional imaging as well.

There are still some debates as to what clinical aspects the NIRS
signal actually reflects. One study by Noda et al. (2012) has
demonstrated a significant negative correlation between NIRS
signal activations in the frontal and right temporal regions and
depression severity. However, in our previous study, we found a
stronger cross-sectional correlation between NIRS signal activa-
tions in the PFC during the verbal fluency task and social func-
tioning rather than the depressive symptom severity (Pu et al,
2008). In the present study, we performed pretreatment NIRS
measurements in untreated patients with LOD and investigated the
relationship between the treatment response of these patients,
particularly the degree of improvement in social functioning, and
the pretreatment NIRS findings. We hypothesized that pretreat-
ment activity in the PFC is related to both pretreatment and degree
of improvement in social functioning in patients with LOD.

2. Materials and methods
2.1. Participants (Table 1)

The subjects were 29 patients [7 males, 22 females,
mean =+ standard deviation (SD) age: 72.4 + 5.71 years] who were
diagnosed with major depressive disorder based on the DSM-1V
(American Psychological Association, 1994) using the Mini-
International Neuropsychiatric Interview (M.LN.L) (Sheehan et al,,
1998). None of the patients had clinical evidence of other central
nervous system disorders based on medical history and examina-
tion. They visited the outpatients ward of Tottori University Hos-
pital for the first time between September 2006 to July 2010 with
an initial onset episode at an age of 65 years or older. The control
group comprised of 29 healthy adults [7 males, 22 females,
mean =+ standard deviation (SD) age: 71.6 + 5.57 years| matching
the patients in terms of age and sex, with no history of neuropsy-
chiatric diseases. The NIRS data of 7 out of 29 patients had been
reported in our previous study (Pu et al., 2008) but not about their
relationship with treatment response. All the patients with LOD
were in a depressed mood state (Hamilton Depression Rating Scale
[Hamilton Depression Rating Scale (HAM-D) score >15; 17 items;
mean + SD HAM-D score: 20.6 + 5.22]. All the participants were
right-handed with criteria of more than 80% by the Edinburgh

Demographics Patients (n = 29) (mean + SD) Healthy controls (n = 29) (mean =+ SD) t df Group difference
Age, years 724 £ 5.7 71.6 + 5.6 -0.605 56 0.548
Gender, women/men 227 227 X?=0 1 1.000
Handedness (%) 97.9 + 6.2 97.9 + 6.4 -0.042 56 0.925
Education, years 106+ 1.9 116 +£2.0 2 56 0.071
Estimated premorbid IQ 97.1+12.4 92.6 + 28.1 ~0.782 56 0.437
Duration of illness, years 47 £5.6 - - - -
Nuber of words generated 10.7 + 3.9 122 +32 1.621 56 0.111
MMSE 275x19 27424 -0.189 56 0.851
HAMD 206 £5.2 - - - -
SASS 28.7 9.8 41.0 =63 7.680 56 <0.001

Abbreviations: 1Q, Intelligence Quotient; MMSE, Mini-Mental State Examination; HAMD, Hamilton Rating Scale for Depression; SASS, Social Adaptation Self-Evaluation Scale.
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Inventory Index (Oldfield, 1971). All subjects gave their consent in a
written form after receiving comprehensive information on the
study protocol. The study was approved by the ethics committee of
Tottori University Faculty of Medicine.

2.2. Assessments

Treatment with antidepressants was started for all patients, and
symptom evaluations were conducted before and 8 weeks after the
treatment (2 time points). Antidepressant choice was based on the
judgment of the attending physician in the outpatient ward, and
the dosage was increased to reach sufficient quantity within 4
weeks in all cases. The breakdown of the antidepressants used was
paroxetine (10—40 mg) for 15 patients and milnacipran
(50—150 mg) for 14 patients. Prior to NIRS measurement, all the
subjects were assessed using Mini-Mental State Examination
(MMSE) for their cognitive function and undertook self-
assessments of social functioning: the Social Adaptation Self-
evaluation Scale (SASS) (Bosc et al., 1997; Goto et al.,, 2005) scale
was used. In addition, the patients were assessed for depression
severity using the HAMD (Hamilton, 1960) by two trained psychi-
atrists (TY, KK).

2.3. NIRS measurements

2.3.1. Activation task

The task procedure in the present study was similar to that of
Takizawa et al. (2008). Hb changes were measured during the VFT
(letter version). The VFT was chosen, because it has been often used
for cognitive activation in NIRS studies, and previous reports
showed measurable prefrontal activation during the letter fluency
task in healthy subjects (Herrmann et al,, 2003, 2006; Kameyama
et al, 2004; Pu et al, 2014). Each subject sat on a comfortable
chair and was instructed to minimize movement such as head
movements, strong biting and eye blinking during the NIRS mea-
surements, so as to avoid artifacts.

The 160-s block-design VFT contains 3 different time periods: a
30-s pre-task period, a 60-s task period, and a70-s post-task period
(Fig. 1). For the pre- and post-task baseline periods, the subjects
were instructed to consecutively repeat the five Japanese vowels
(“a”, “i", “u”, “e”, “0”) aloud. As readout from NIRS, the contrast
between the verbal fluency condition and the vocalization condi-
tion was used to increase specificity for the verbal fluency. During
the task period, they were instructed to generate as many Japanese
words beginning with a designated syllable as possible. The three
sets of initial syllables (A; /to/,/se/,/o/, B; [a],/ki[./ha/, C; [na/,/i],[ta])
were presented in counterbalanced order among the subjects and
each syllable changed every 20 s during the 60-s task. The total
number of correct words generated during the VFT was adopted as
a measure of task performance.

2.3.2. NIRS methodology
The 52-channel NIRS (ETG-4000, Hitachi Medical Co.) measures
relative changes in oxy-Hb and deoxy-Hb using 2 wavelengths (695

‘(a” “i” “u” “e” <% o” “a” “i” . u” “ e” “0”
2 3 3 s 2 ’ s ?
tol  Ise/ o/
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Fig. 1. The task design of verbal fluency test (VFT).

and 830 nm) of infrared light based on the modified Beer—Lambert
law (Yamashita et al., 1996). In this system, these Hb values include
a differential pathlength factor (DPF). In addition, Zhao et al. (2002),
using a Monte Carlo simulation, reported that the estimated DPF
variation in the forehead region of adult humans was regarded as
roughly homogenous. The distance between pairs of source-
detector probes was set at 3 cm, and each measuring area be-
tween pairs of source-detector probes was defined as a “channel”
(ch). The NIRS measures points at a depth of 2—3 cm below the
scalp. This corresponds to the surface of the cerebral cortex (Okada
and Delpy, 2003; Toronov et al., 2001). The probes of the NIRS were
placed on the frontotemporal region of the participant, with the
midcolumn of the probe located over Fpz, and the lowest probes
were located along the T3-Fp1-Fpz-Fp2-T4 line in accordance with
the international 10/20 system for electroencephalography. The
arrangement of the probes enabled the measurement of Hb values
from both prefrontal and temporal cortical surface regions (Fig. 2).
The correspondence between the NIRS channels and the mea-
surement points on the cerebral cortex was confirmed by a multi-
subject study of anatomical craniocerebral correlation (Okamoto
et al, 2004). The spatial information of each channel was esti-
mated by using functions from the Functional Brain Science Labo-
ratory at Jichi Medical University in Japan (http://www.jichi.ac.jp/
brainlab/virtual_reg.html) (Tsuzuki et al., 2007).

The data sampling rate was 10 Hz. The obtained data were
analyzed using the integral mode: the pre-task baseline was
determined as the mean over a 10-s period immediately before the
task period; and the post-task baseline was determined as the
mean over the last 5 s of the post-task period. Linear fitting was
applied to the data between these 2 baselines to reduce the effect of
linear trend artifact. A moving average method using a window
width of 5 s was applied to remove any short-term motion artifacts.
Because we could not remove all artifacts in this way, we applied
semi-automatic rejection of data with artifacts separately for each
channel (Pu et al., 2012; Takizawa et al., 2008). (Number of chan-
nels, 33—-52 [mean, 49.8; SD, 4.7]).

For the analysis of the hemodynamic response data, Hb vari-
ables for each channel were averaged for the both time segments
(pre-task baseline and task period). We focused on oxy-Hb con-
centrations during the 60-s task period, since the oxy-Hb change
(task period — pre-task baseline period) was assumed to more
directly reflect cognitive activation than the deoxy-Hb change, as
previously shown by animal studies and correlations with fMRI
blood oxygenation level-dependent signals (Hoshi et al., 2001;
Strangman et al., 2002b).

2.4. Statistical analysis

Statistical analyses were performed using SPSS Statistics 19.0
software (Tokyo, Japan).

First, we compared the patients group with healthy controls in
terms of demographic data, MMSE and SASS scores using Student's
t-tests and a chi-square test whenever appropriate. Next, we
compared the NIRS activation (oxy-Hb) during the VFT between
groups using a Student's t-test for each channel. In the case of
multiple between-group comparison analyses for NIRS data, FDR
correction was adopted to correct for the multiplicity of the ana-
lyses. Moreover, the relationship between pretreatment NIRS acti-
vation in each channel and the SASS score was analyzed using
Pearson's product moment correlation analysis to confirm the
cross-sectional relationship between the NIRS activation and the
SASS score. We also tested the relationship between the pretreat-
ment SASS score and the degree of improvement in the SASS score
using Pearson’s product moment correlation analysis in order to
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Fig. 2. Probe setting and measurement points for 52-channel near-infrared spectroscopy (NIRS). (A) The 52 measuring areas are labeled ch1—ch52 from the right posterior to the
left anterior. (B—C) The probes with 3 x 11 thermoplastic shells were placed over a subject’s bilateral prefrontal and superior temporal cortical surface regions. The channel numbers

are indicated above the estimated cortical regions.

see whether the pretreatment SASS score may affect the degree of
improvement.

Depression symptoms (HAM-D data) and social functioning
(SASS data) pre- and post-8 weeks of after the treatment in the
patients were compared with paired t-tests. With the objective of
analyzing the relationship between pretreatment NIRS activation
and clinical characteristics improvements due to treatment,
particularly, the improvement in depression symptoms and social
functioning, Pearson's correlation coefficient was calculated for
each channel between the NIRS activation and the treatment-
induced degree of improvement that was indicated by the SASS
score. Moreover, in case there was a significant cross-sectional
correlation between pretreatment NIRS activation and the SASS
score, we performed additional partial correlation analyses be-
tween the degree of improvement in the SASS score and pretreat-
ment NIRS activation data using the pretreatment SASS score as a
control variable. A p value <0.05 was considered to be statistically
significant. The multiplicity of the correlation analyses including
NIRS data from 52 channels was not corrected, and therefore the
results should be taken as exploratory.

3. Results
3.1. Between-group comparison

There was no significant difference between the groups in age,
sex, educated years and MMSE scores, but the SASS score was
significantly lower in the patients than the controls (Table 1).

The patients were associated with a significantly smaller NIRS
activation than the controls at 33 channels (ch12, ch14, ch15, ch17,
ch18, ch20, ch21, ch23 to ch29, ch31 to ch36, ch38 to ch46, ch49 to
ch52; FDR-corrected p: 0.001-0.032), distributed predominantly in
the ventrolateral and dorsolateral PFC, frontopolar, and temporal
regions (Fig. 3).

3.2. Cross-sectional relationship between NIRS activation and the
SASS score

The pretreatment NIRS activation in the area approximately
located in the frontopolar and dorsolateral PFC was significantly
correlated with the pretreatment SASS score (ch1, ch6, ch9, ch10,
ch19 to ch21, ch25 to ch27, ch29, ch31, ch34, ch36, ch39, ch41, ch42,
ch44, ch46, ch49, ch51, and ch52; R = 037 to 058;
p = 0.001-0.048) (Fig. 53A).

3.3. Changes of depression symptoms and social functioning

A significant improvement in the HAM-D scores was observed
between the two time points (pretreatment: 20.6 + 522, post-
treatment: 9.4 + 7.37; t = 9.687, df = 28, p < 0.001). A significant
improvement was also seen in the SASS scores (pretreatment:
28.7 + 5.84, posttreatment: 35.5 + 8.87, t = —4.716, df = 28,
p < 0.001) (Fig. 4). There was no significant correlation between the
pretreatment SASS score and the degree of improvement in the
SASS score (R = —-0.173, p = 0.369).

3.4. Relationship between pretreatment NIRS activation and the
degree of improvement in depression symptoms and social
functioning

Significant negative correlations between the degree of
improvement in the SASS score after treatment and the pretreat-
ment NIRS activation were observed in 8 channels (ch11, ch13,
ch23, ch26, ch30, ch34, ch42, and ch44, R = -0.39 to —0.55;
p = 0.0045-0.036) located approximately in the right ventrolateral
PFC region (Fig. 5C). The pretreatment NIRS activation in any
channel was not correlated with the degree of improvement in the
HAM-D score after treatment (R = —0.24 to 0.31, n.s.).
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Fig. 3. Above: Brain area in yellow corresponds to the NIRS channels with significantly lower levels of activation in the LOD group than in the control group (FDR-corrected
p < 0.05). The locations of NIRS channels were probabilistically estimated and anatomically labeled in the standard brain space in accordance with Tsuzuki et al. (2007). Below:
Grand averaged waveforms of oxy-hemoglobin (oxy-Hb) during VFT (between two dotted vertical lines in each graph) in 52 channels over frontal and temporal regions measured by

NIRS. Red and blue lines represent LOD and control groups, respectively.

As significant cross-sectional correlation analyses revealed sig-
nificant relationship between the pretreatment SASS score and
NIRS activation data in multiple channels located in the PFC,
additional partial correlation analyses was conducted using the
pretreatment SASS score in order to eliminate the effect of variance
of pretreatment SASS score from the relationship between the
degree of improvement in the SASS score and pretreatment NIRS
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Fig. 4. SASS before and after treatment in patients with LOD.

activation data. Although the correlation between the pretreatment
SASS score and the degree of improvement in the SASS score was
not significant, a negative correlation coefficient (R = —-0.173)
suggest that it may have enhanced the negative relationship be-
tween the pretreatment NIRS activation and the degree of
improvement in the SASS score to some extent. As a result, corre-
lations between degree of improvement in the SASS score and
pretreatment NIRS activation data remained significant in 6 chan-
nels mainly located in the right ventrolateral PFC (ch13, ch23, ch30,
ch34, ch42, and ch44; R = -0.43 to -0.54; p = 0.007 to 0.024)
(Fig. 5C).

4. Discussion

In this study, the pretreatment NIRS activation in the area
approximately located in the frontopolar and dorsolateral PFC were
positively correlated with the pretreatment SASS score; this is
similar to our previous finding (Pu et al., 2008), whereas the pre-
treatment NIRS activation in the area approximately located in the
right ventrolateral PFC was negatively correlated with the degree of
improvement in the SASS score after 8 weeks of treatment. Our
findings suggest the pretreatment NIRS activation not only



