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Background: Several lines of evidence implicate abnormalities in glutamate neural transmission in the-
pathophysiology of mood disorders, including major: depressive disorder {MDD). and bipolar disorder (BP).
Preclinical antidepressant effects were also reported for group Il metabotropic glutamate receptor (Group I
mGluRs) antagonists show dose-dependent antidepressant-like effects in murine models of depression. Also, it has
been suggested that abnormalities in the hypothalamic-pituitary-adrenal axis and serotonergic neural transmission
are important mechanisms in the pathophysiology of mood disorders. Group Il mGliRs play an impottant role in

gfg:{::‘?i's order regulating the function of these mechanisms. From these results, it has been suggested that abnormalities in Group It
GRM2 mGluRs might be involved in the pathophysiology of mood disorders, including MDD) and BP, and may influence the
GRM3 clinical response. to treatment with SSRIs in MDD. Therefore, we studied the association between Group I mGIuR
Major depressive disorder genes {GRM2 and GRM3) and mood disorders and the efficacy of flivoxamine treatment in Japanese MDD patients.
SSRIs Materials and methods: Using three tagging SNPs in GRM2 and an SNP (156465084) reported functional variant in

GRM3, we conducted a genetic association analysis of case-control samples (325 MDD patients, 155 BP patients
and 802 controls) in the Japanese population. In addition, we performed an association analysis of GRM2 and GRM3
and the efficacy of fluvoxamine treatment in 117 Japanese patients with MDD. The MDD patients in this study had
scores of 12 or higher on the 17 items of the Structured Interview Guide for Hamilton Rating Scale for Depression
(SIGH-D). We defined a clinical response as a decrease of more than 50% in baseline SIGH-D within 8 weeks; and
clinical remission as an SIGH-D score of less than 7 at 8 weeks.
Results: We found an association between rs6465084 in GRM3 and MDD in the allele-wise analysis after Boniferroni's
correction (P-value = 0.0371). However, we did not find any association between GRM3 and BP or the fluvoxamine
therapeutic response in MDD in the allele/genotype-wise analysis. We also did not detect any association between
GRM2 and MDD, BP or the flivoxamine therapeutic response in MDD in the allele/genotype-wise or haplotype-wise
analysis.
Discussion: We detected an association between only one marker (rs6465084) in GRM3 and Japanese MDD patients.
However, because we did not perform: an association analysis: based on LD and a mutation scan of GRM3, a
replication study using a larger sample and based on LD may be required for conclusive results.

Crown Copyright © 2009 Published by Elsevier Inc. All rights reserved.

Abbreviations: Group  mGluRs; Group I metabotropic glutamate receptors; MDD,
-major- depressive disorder; BP; bipolar disorder; SIGH-D; Structured Interview: Guide
for Hamilton Rating Scale for Depression; LD, linkage disequilibrium; NMDA, N-methyl-

1. Introduction

p-aspartate; mGluRs, metabotropic glutamate receptors; AMPA, a-amino-3-hydroxy-5-
methyl-4-isoxazole propionate; MAFs, minor allele frequencies; HWE, Hardy-Weinberg,
equilibrium; MDR, Multifactor Dimensionality Reduction; TSNAX-DISC1 gene, Translin-
associated factor X-Disrupted-in-Schizophrenia-1 gene; GWAS, whole genome associa-
tion study.

* Corresponding author: Tel.::+81 562 93 9250; fax: 481562 93 1831.
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Several lines of evidence implicate abnormalities in glutamate neural
transmission in the pathophysiology of mood disorders, including major
depressive disorder (MDD) (Hashimoto et al.; 2007; Paul and Skolnick,
2003) and bipolar disorder’ (BP). (Hashimioto et al.; 2007; Witkin etal,,
2007), and in the mechanisms of therapeutic actions of antidepressants
(Palucha and Pilc,2002). Glutamate exerts its actions through activation of
receptors such as N-methyl-d-aspartate (NMDA) receptor, metabotropic

0278-5846/% - see front matter, Crown Copyright © 2009 Published by Elsevier Inc. All rights resérved.

doi:10.1016/1.pnpbp.2009.04.007
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glutamate receptors (mGluRs) and a-amino-3-hydroxy-5-methyl-4-iso-
xazole propionate (AMPA). NMDA receptor antagonists such as dizocil-
pine and memantine show antidepressant-like actions in mice exhibiting
depressive behavior, such as in the forced swim test (Poleszak et al,, 2007).
Preclinical antidepressant effects were also reported for group II
metabotropic' glutamate receptor (mGIuR2 and mGluR3) antagonists,
MGS0039 and" LY341495 show dose-dependent antidepressant-like
effects in murine models of depression, such as the forced swim and tail
suspension tests {Bespalov et al., 2008).

The mGluRs are classified into three groups (group 1 mGluRs:
mGluR1 and mGluR5, group II mGluRs: mGIluR2 and mGluR3, and
group I mGluRs: mGIuR4 and mGIuR6-8). Postmortem study has
shown decreased mGIuR3 in the perirhinal cortex in MDD patients
compared with control subjects (Beneyto et al, 2007). Group Il
mGluRs are highly expressed in brain structures apparently related to
emotional states, including the forebrain and limbic areas {(Tamaru
et al, 2001; Wright et al, 2001). 1t has been suggested that
abnormalities in the hypothalamic-pituitary-adrenal axis (HPA axis)
(Buckley and Schatzberg, 2005) and serotonergic neural transmission
(Levinson, 2006; Serretti and Mandelli, 2008) are important mechan-
isms in the pathophysiology of mood disorders. Group Il mGluRs have
been shown to regulate the function of HPA axis activity (Holsboer
and Barden, 1996; Scaccianoce et al, 2003). In animal studies,
MGS0039 elevated serotonin levels in the rat medial prefrontal cortex
in an in vivo microdialysis study (Karasawa et al,, 2005) and MGS0039
and LY341495 increased the activity of serotonin neurons in the rat
dorsal raphe nucleus (Kawashima et al, 2005). In addition, Matris-
ciano and colleagues reported that reported that both the expression
and function of group Il mGluRs are amplified in rat hippocampus
when rat was administered imipramine chronically (Matrisciano et
al., 2002). From these results, group II' mGluRs appear to be good
candidates both for involvement in the pathophysiology of, and as
therapeutic targets in, MDD.

The mGluR2 gene (GRM2: OMIM *604099, 7 exons in a genomic
region spanning 10.466 Kb) is located on 3p21. The mGluR3 gene
(GRM3.OMIM *601115, 6 exons in.a genomic region:spanning
221.763. Kb) is. 7q21. This genomic region: has been shown to be
closely related to susceptibility for BP (Detera-Wadleigh et al;, 1997).
Therefore, we studied the- association between GRM2 or GRM3'and
mood disorders and the efficacy of fluvoxamine treatment in Japanese
MDD patients.

2. Materials and methods
2.1. Subjects
The subjects in the association analysis were 325 MDD patients

(159 males and: 166 females; mean age = standard: deviation 47.3 +
14.9years), 155 BP. patients (80 males and 75 females;: 96 patients

Table 1
Clinical characteristics of the patients in both definition groups.

with bipolar I disorder and 59 patients with bipolar Il disorder; 47.9 4
14.2 years) and 802 healthy controls (351 males and 451 females;
37.2 4+ 15.9 years). Of the 325 MDD patients, 117 (58 males and 59
females; 44.8 £ 16.7 years) were treated with fluvoxamine and
diagnosed according to DSM-1V criteria with the consensus of at least
two experienced psychiatrists on the basis of a review of medical
records and assessments with the Structured Interview Guide for
Hamilton Rating Scale for Depression (SIGH-D). The remaining MDD
patients were diagnosed according to DSM-IV criteria with the
consensus of at least two experienced psychiatrists on the basis of
unstructured interviews and a review of medical records, All subjects
were unrelated to each other, ethnically Japanese, and lived in the
central area of Japan. All healthy controls were also psychiatrically
screened based on unstructured interviews. None had severe
medical complications such as liver cirrhosis, renal failure, heart
failure, or other Axis-I disorders according to DSM-IV.

2.2. Data collection

The 117 MDD patients in this study had scores of 12 or higher on
the 17 items of the SIGH-D (Peveler and Kendrick, 2005). We defined a
clinical response as a decrease of more than 50% in baseline SIGH-D
within 8 weeks, and clinical remission as a SIGH-D score of less than 7
at 8 weeks. Detailed information on data collection was described in a
previous paper (Saito et al, 2006). The clinical characteristics of
patients in this study, classified according to these definitions, can be
seen in Table 1.

2.3. SNP selection

We first consulted the HapMap database (release#23.a.phase2,
Mar 2008, www.hapmap.org, population: Japanese Tokyo: minor
allele frequencies (MAFs) of more than 0.05) and included 4 SNPs
covering GRM2 (5'-flanking regions including about 6.3 Kb from the
initial exon and about 1 kb downstream (3’) from the last exon:
HapMap database contig number chr17: 51711684.. 51730152). Then
three ‘tagging SNPs' were selected with the criteria of > threshold
greater than 0.8 in ‘pair-wise tagging only’ mode using the Tagger'
program (Paul de Bakker, http://www/broad.mit.edu/mpg/tagger),
an implement of the HAPLOVIEW software (Barrett et al,, 2005), for
the following association analysis. In addition, we selected rs6465084
in GRM3, which is reported to be associated with prefrontal brain
functioning; for use in the later association analysis.

2.4. SNP genotyping

We used TagMan assays (Applied Biosystems, Foster City, CA, US.A.)
for-all SNPs. Detailed information is available on request.

N Age ,
Total Male Female {meantsp)
Overall - 58 58 4481167
Chinical response group? - -
Responde's 60 = 28 3 4511165
Nonresponders 57 29 . 28 444172
P-value 0783 - - 0,849
Clinical remission group® . .
Remitters 46 22 24 4434162
Nonremitters 71 37 34 4521173
Pyalue . 0850 - o808

Baseline SIGH-D
f{avgxSD)

2011584
2144619
- ootoz

1952505
2051630

Fluvoxamine dose at 8 weeks Number of previous episode

(mg/day) (ave £5D) (avgaspy

a0 1382065

1194410 1364057

B7E514 . 154412 141.£0780
. 0468 0750

1141437 13740598

127 +386 13940718
0350 0118 0879

3 (linical response was defiried as a 50% or greater decrease in the baseline SIGH-D score,

b Clinical remission was defined as a final SIGH-D score of less than 7.
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10.5Kb

Fig: 1. LD evaluation and tagging SNPs in GMRZ: Black bars represent exons of GMR2.
Tagging SNPs selected from HapMap database are represented by black boxes. The color
scheme is based on D' values. Other information can be seen at the HAPLOVIEW
website.

2.5. Statistical analysis

Genotype deviation from the Hardy-Weinberg equilibrium (HWE)
was evaluated by chi-square test (SAS/Genetics, release 8.2, SAS Japan
Inc; Tokyo, Japan).

Marker-trait-association analysis was used to evaluate allele- and
genotype-wise associations: with. the: chi-square: test (SAS/Genetics,
release 8.2, SAS Japan Inc, Tokyo,: Japan), and haplotype-wise
association analysis was done with a likelihood ratio test using the
COCAPHASE 2.403: program (Dudbridge, 2003). Bonferroni's correc-

Table.2
Association analysis of GRMZ2 and GRM3 with mood disorders.

tion was used to control inflation of the type I error rate. Power
calculation was performed using a statistical program prepared by
Purcell et al. (2003).

3. Results

The linkage disequilibrium (LD) structure of GRM2 can be seen in
Fig. 1. Genotype frequencies were in HWE for all SNPs. In addition,
regarding genotyping quality control measures, we added twenty-five
randomly selected samples that were genotyped again as a measure of
genotyping quality control, and the genotype consistency rates for all
four SNPs were 100%. We found an association between rs6465084 in
GRM3 and MDD in the allele-wise analysis after Bonferroni's
correction (P-value ==0.0371). However, we did not find any associa-
tion between GRM3 and BP in the allele/genotype-wise (Table 2). We
also did not detect any association between GRMZ2 and MDD or BP in
the allele/genotype-wise or haplotype-wise analysis (MDD: P-
value =0.2537 and BP: P-value = 0.1349)(Table 2).

With regard to the clinical characteristics of patients, only one
difference was detected between responders and nonresponders in
baseline SIGH-D scores (P-value =0.0102) (Table 1). One patient each
was prescribed alprazolam, loflazepate and etizolam. Two patients each
were prescribed lorazepam, brotizolm, flunitrazepam and zopiclone. We
did not find any association between GRM2 or GRM3 and the
fluvoxamine therapeutic response in MDD patients in- allele/geno-
type-wise (Table 3) or haplotype-wise analysis {(response; P-value =
0.2459 and remission: P-value =0.3181).

Moreover, to evaluate the interactions with each SNP in these
genes, we analyzed the gene-gene interactions with the use of the
Multifactor Dimensionality Reduction (MDR) method (Hahn et al,,
2003). In this analysis, however, no interactions were obtained with
MDD and BP (data not shown).

In the power analysis, we obtained more than 80% power for the
detection of association when we set the genotype relative risk at
1.31-1.63 and 1.55-2.18in MDD and BP, respectively, for GRM2 and at
151" and' 2.02 in. MDD and- BP, respectively, for GRM3 under a
multiplicative model of inheritance,

4. Discussion

We performed the first association study of GRM2 and GRM3 with
mood: disorders and fluvoxamine treatment outcome in MDD in the

Gene  SNPID® Phenotype®  MAE N Genotype dis’tﬁbﬁtiond - Pvaieed . ~ Corrected Pyalue’®
. . ‘ - MM Mm m/m  HWE Genotype  Allele  CGenotype  Allele.
CRM2 3821829 Controls 00468 802 731(811)  67(835)  4(0500) 00751 -
' &1 . ‘ 5 139(897)  16{103)  0(000)  0A . 03
. | | 795(808)  26(s92)  1(0308 0924
. 12487957 el IB@I) BT .
rc . B0(516) 63(d0B) 120774} . ooms
. M4(443y 44(443)  37(114) . o0

o rs4887771
A

GRM3A  rs6465084  Controls = 0L
. A>G~':: B -

... v

2. Major allele>minor allele:

b BP: bipolar disorder MDD: major depressive disorder.

€ MAF: minor allele frequency.

Hardy-Weinberg equilibrium.
Bold numbers represent significant P-value.
& Calculated by Bonferroni correction.
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€
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401 (500)
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123 (153)
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101 (126)
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M: major allele; m: minor allele, The number in the parenthesis showed: the percentage (%).
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Table 3
Genotype and allele distributions of GRM2 and GRM3 in both definition groups.
Gene SNP [D? Clinical groups MAE? N Genotype distribution® Pyalyed
MM M/m m/m HWE Genotype Allele
GRM2 153821829 Responders 0.0667. 60 52.(86.7) 3{133) 0.(0.00) 0.580
CoT Nonresponders 0.0263 57 54(94.7) 3(5.26) 0 {0.00} 0838 N.A. 0.145
Remission 0,0435 46 42:(913) 4(8.70) 0{0.00) 0758
Nonremission 0.0493 71 64 (90.1) 719.86) 0 (0.00) 0.6562 NA. 0.837
1512487957 Responders 0350 60 25/(41.7) 28 (46.7) 7017 0.843
T>C Nonresponders 0.298 57 26.(456) 28 (49.1) 3.(526) 0.190 0462 0398
Remission 0370 46 19:(41.3) 20 (43.5) 7.(15.2}) 0.650
Nonremission 296 71 32.(451) 36 (50.7) 3{423) 0.0673 0.114 06239
4687771 Responders 0383 60 22(36.7) 30 (50.0) 8 (134} 0656
T>A Nonresponders 0333 57 23.(404) 30(526) 4{7023 0.164 - 0527 0425
Remission 0.391 46 17.(37.0} 22(473) 7.(15.2) 0.979 &
Nonremission ).338 71 28(38.4) 38 (53.5) 5 (704} 0.0989 0.361 0407
GRM3 156465084 Responders 0.0667 60 52(86.7) 8(134) 0.(0.00) 0.580
A>G Nonresponders 0.0614 57 50.(87.7) 7(123) 0(0.00) 0.621 NA. 0.869
: Remission 0.0652 46 40 (87.0) 6 013.04 0 (0.00) 0636
Nonremission 0:0634 71 62 (87.3) 9(127) 0 (0.00) - 0568 NA. 0955

2 Major éllele> minor allele.
b MAF: minor allele frequency.

¢ M: major altele, m: minor allele, The number in the parenthesis showed the percentage (%).

4 Hardy-Weinberg equilibrium.

Japanese population. We detected a significant association between
GRM3 and MDD. In this study, we selected rs6465084 in GRM3 as
the SNP. Rs6465084 has been found to be associated with decreased
verbal list learning and verbal fluency (Egan et al,, 2004). In addition,
Egan and colleagues reported that the rs6465084 A allele predicted
decreased levels of N-acetylaspartate in the prefrontal cortex in an in
vivo study, and suggested that the rs6465084 A allele reduced tissue
glutamate levels and synaptic abundance (Egan et al, 2004). This
influence of GRM3 on prefrontal cortex and cognitive function
suggests that abnormalities in glutamate neurotransmission may be
involved in the pathophysiology of MDD. by altering glutamate
neurofransmission. Rs6465084 was shown to have MAFS. controls:
0.0842 and MAFs ypp: 0.0523. Tochigi and colleagues reported that
with this SNP, the MAFs in the Japanese population appear to be
smaller than in Caucasians (Tochigi et al., 2006). Also, the MAFs in
MDD patients were smaller than in controls. Our result is similar to the
results of several studies in schizophrenia (Egan et al., 2004; Mossner
et-al; 2008). It might be that mood disorders and schizophrenia have
common susceptibility genes: In support of this hypothesis, we show
recent evidence (TSNAX-DISCT gene)(Schosser et al., in press). Two
studies have also suggested that rs6465084 was associated with the
cognitive function in schizophrenic patients (Egan et al, 2004,
Mossner et al., 2008). Therefore, further study will be required to
investigate the relationship between rs6465084 and: cognitive func-
tion in. MDD patients. Recently, a whole genome association: study
(GWAS) reported an association between 152237554 in GRM3 and
bipolar disorder (Sklar et al:; 2008). Another: GWAS reported. that
52189813, which was in LD with 152237554 according to the HapMap
database (D'=1.00 and r = 0.831), was not associated with Japanese
bipolar disorder patients (Hattori et al, in press)(release#23.a.phase2,
Mar 2008, www.hapmap.org; population: Japanese Tokyo). Although
we did not perform an association analysis of rs2237554, a replication
study using larger samples than in the original studies will need to be
carried out in the future; Also, Sartorius and colleagues reported that
r$2228595 in. GRM3: predicted increased expression of  the
GRM3Delta4 splice variant (Sartorits ‘et al, 2008). This SNP was
shown to have “minor allele frequencies: 0.0330%" in the HapMap
database (release#23.a.phase2, Mar 2008, www.hapmap.org, popula-
tion: Japanese Tokyo). However, because our study had a small sample
size, we considered it to be difficult to evaluate the association of rare
variants from the viewpoint of power. Therefore, we did not include
an association analysis of r52228595.

A few points of caution should be noted in interpreting our results.
First, the lack of association may be due to biased samples, such as
small sample sizes, especially for BP and the fluvoxamine therapeutic
response in MDD samples, or unmatched age or gender samples.
Because our samples for BP and the fluvoxamine therapeutic response
in MDD were small, type Il errors are possible in the results of these
statistical association analyses. On average, the controls were much
younger than the patients. This means that a number of young
controls may go on to develop one of these disorders, most likely
MDD, since the incidence of major depression is as high as 5% or more.
Our subjects did not undergo structured interviews. MDD patients
who are not diagnosed by structured interview may develop bipolar
disorder in the future (Bowden, 2001; Kishi et al;; 2009; Kishi et al.,
2008; Stensland et al., 2008). However, in this study: patients were
carefully diagnosed according to DSM-IV criteria with consensus of at
least two experienced psychiatrists on the basis of a review of medical
records.” In- addition, when we found-a patient  who" had-been
misdiagnosed, we: promptly excluded the misdiagnosed: case: to
maintain the precision of our. sample. Second, we could not'use ‘an
LD based strategy and perform a mutation search because GRM3 has a
massive: gene structure. Therefore, in future studies it will be
necessary to evaluate: associations between other variants and mood
disorders. It will be important to replicate and confirm these findings
in other independent studies using larger samples.

5. Conclusion

In - conclusion, we detected ' an association: between only one
marker (rs6465084) in' GRM3. and Japanese MDD patients. However,
because we did not perform an association analysis based on LD and a
mutation scan of GRM3; a replication study using a larger sample and
based on LD may be required for conclusive results.
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Practice-based depression screening for psychiatry
outpatients: Feasibility comparison of two-types of Center
for Epidemiologic Studies Depression Scales
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Aims: The Center for Epidemiologic Studies
Depression Scale (CES-D) has been validated
to avoid misdiagnoses of major depression in
routine psychiatric outpatient settings, but it was
reported to be only marginally feasible in these spe-
cific settings. A briefer and simpler version, known
as the 10-item CES-D, meant to attain adequate fea-
sibility, has been validated in geriatric- outpatient
settings, but it has not yet been examined in psy-
chiatry outpatient settings. The purpose of  the
present study was therefore to compare the feasibil-
ity, reliability, and validity of the two types of
CES-D.

Methods: A cross-sectional analysis was conducted of
86 consecutive outpatients in a psychiatric depart-
ment in a general hospital.

Results: The 10-item CES-D has a higher feasibility
than the 20-item CES-D, and its internal consistency,
reliability, and validity are almost identical to those
of the 20-item CES-D.

Conclusions: The 10-item CES-D is the better instru-
ment to use because of the higher feasibility than the
20-item CES-D in psychiatric outpatient settings. The
different answer format used in each questionnaire (a
yes or no format in the former vs a multiple-choice
format in the latter) may. influence the feasibility,
rather than the number of items.

Key words: Center for Epidemiologic Studies Depres-
sion_ Scale, feasibility, major depressive disorder,
receiver operating characteristic.

CCUMULATING EVIDENCE SUGGESTS that

major depression, in particular major depression
comorbid with' dementia,’ is underrecognized in
routine psychiatric practice.”* To avoid such under-
recognition: and ' resulting - under-treatment, - many
screening instruments have been developed to detect
the presence of major depression. Few of these instru-
ments, however, have been specifically validated for
use in routine psychiatric outpatient settings.>™*
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Among these screening instruments, Schulberg
et al. and Furukawa et al. examined the test character-
istics of the Center for Epidemiologic Studies De-
pression’ Scale’ (CES-D or the 20-item CES-D) in
psychiatric outpatients using: semistructured inter-
views for criterion-standard diagrioses.>® Despite the
demonstrated utility of the CES-D in these studies,
the high CES-D incompletion rate of approximately
20-25% suggests that this tool presents problems for
psychiatric patienss; specifically, the CES-D utilizes a
forced four-choice scale format that patients may find
difficult. to complete. To reduce such respondent
burden and to attain an adequate response rate, a
briefer and simpler version of the CES-D; known' as
the 10-item CES-D, has been proposed.® The 10-item
CES-D has been reported to retain - acceptable
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reliability and validity in geriatric outpatients,*'* but
its reliability and validity have not been investigated
in psychiatric outpatient settings.

Furthermore, administering a questionnaire to all
patients regardless of risk status in practice-based
screening has significant limitations to routine use in
psychiatry outpatients. The psychiatric population
also tends to have a broad spectrum of cognitive
impairment derived from mental disorders,'' which
may affect questionnaire feasibility. Particularly, cog-
nitive disorders were strongly associated with the
infeasibility of the CES-D.'* Because the cognitively
impaired segment of the population in psychiatry
settings grows with the general aging of the popula-
tion, the routine use of a screening instrument will
become more prohibitive due to the decreasing
feasibility related to cognitive impairment. To our
knowledge, previous work has not fully investigated
the feasibility of any depression screening instru-
ments in psychiatric outpatient settings. Ilere, 'feasi-
bility’ is defined as the failure to complete more than
a predefined threshold number of items in a screen-
ing instrument.

The first aim of the present study was therefore to
compare the feasibility of the 10-item and 20-item
CES-D in a psychiatric outpatient setting. The second

Table 1. Subject characteristics

Feasibility comparison of CES-D 633

aim was to compare the reliability and validity of the
two types of CES-D in this setting.

METHODS

Subjects

We consecutively recruited all first-visit outpatients in
the psychiatric department in a general hospital in
Japan between 30 April 2006, and 30 March 2007.
Patients were recruited regardless of whether or not
they had received any psychotropic medication just
before enroliment in the study. All subjects except for
one agreed to participate; thus, a total of 86 subjects
were included in the study. Table 1 lists demographic
and diagnostic characteristics of the subjects. Those
of the participants who failed to complete the two
types of CES-D are also listed in Table 1. Comorbid
diagnoses according to depressive status are shown in
Table 2. The study protocol was approved by the
ethics committees in the facility.

Measures

All patients who visited the waiting room were
invited to participate in the study. After signing
informed consent, they were asked to complete the

Total 20-item CES-D failed 10-item CES-D failed
n (%) n (%) 1 {%)
No: subjects 86 10 3
Age (years) (mean * SD) 47.0.£203 70.5 £ 16.5 793 %47
Sex: female (%) 56 (67%) 8(80) 2 (67)
DSM-IV diagnosis according to MINI
Mood disorders 51(59.3%) 2 (20.0) 0
Depressive episode 36'(41.9%) 2:(20.0) 0
Anxiety disorders 48 (55.8%) 0 0
Substance use disorders 1 (1.2%]) 0 0
Psychotic disorders® 2(2.3%) 0 g
Eating disorders 4 (4.7%) 0 0
Antisocial personality disorder 1.(1.2%) 0 0
Cognitive disorders'’ 6.{7.0%) 6 {60.0) 3 {100.0)
Others 14 (16:3%) 2(20.0) 0

Because individuals were given more than one diagnosis, the total does not agree with the namber of subjects included:
Similarly; the percentage of each diagnostic group does not sum to:100%:

*This term refers to schizophrenia and other psychotic disorders in the DSM-IV.

*This term refers to delirium, dementia; and amnestic and other cognitive disorders included in the DSM-1V.

CES-D, Center for Epidemiologic Studies Depression Scale; MINI, Mini International Neuropsychiatric Interview.
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Table 2. Comorbid diagnoses according to depressive status'

Not
DSM-IV diagnosis according Depressive depressive
to MINI n n
Anxiety disorders 30 18
Substance use disorders 1
Psychotic disorders 0 2
Eating disorders 2
Antisocial personality disorders 0 1
Cognitive disorders 0 6
Others 2 12

'Major depressive episode according to Mini International
Neuropsychiatric Interview (MINI).

two types of CES-D before seeing psychiatrists.
During the course of the study, the order of admin-
istration of the two instruments was assigned ran-
domly to eliminate ordering effects. If a subject had
difficulty in completing the instrument alone, the
instrument was administered in a consistent manner
by trained nurses who read the items aloud to
prevent deviation from the item wording. According
to the previous study method,* we considered' the
instrument infeasible for the subject if more than
four items of the 20-item CES-D were not completed
for any reason, even with the assistance described.
For the 10-item CES-D, we set the cut-off score to
=two items, the equivalent cut-off point in the
20-item CES-D.

The CES-D score was summed to yield a total score
ranging from O (not depressive) to 60 (most depres-
sive) in the long form and 0 {not depressive) to 10
(most depressive) in the short form, and CES-D scores
with permissible missing items were imputed based
on the mean score obtained according to the conven-
tional method.”* Additionally, to measure respondent
burden, we surveyed the length of time required by all
subjects to complete the two types of CES-D.

On the same day of their visits, all subjects were
examined using the gold standard Mini International
Neuropsychiatric. Interview  (MINI) to - identify
current DSM-IV disorders.'* The MINTI is a standard-
ized diagnostic interview according to’ the' DSM-IV
criterid, and it was developed as a short and efficient
package to: be used:in: clinical -as- well as research
settings.'*'® As a first step, the initial 11 consecitive
subjects were independently assessed by two psychia-
trists (including T.N:) using the 'MINIL Then, inter-
rater reliability was obtained as a kappa of 0.667 for

© 2009 The Authors
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the 18 disorders included in the MINI and 0.744 for
major depressive episode. With this reliability level,
all subsequent subjects and, if there were, persons
accompanying them were examined by one experi-
enced psychiatrist (T.N.} who was blind to the CES-D
scores.

Furthermore, diagnoses of cognitive disorders were
made based on the results of the Mini-Mental State
Examination,'® neurological examination, appropri-
ate laboratory findings, and cranial X-ray computed
tomography during follow up as recommended by
the Quality Standards Subcommittee of the American
Academy of Neurology."

Data analyses

Estimates of the internal reliability of the CES-D were
computed using Cronbach’s alpha." When conven-
tional operating characteristics for the criterion
validity, sensitivity, and specificity of a screening
instrument are applied to continuous screening
scores, a great deal of information is lost. We avoided
this limitation by assessing stratum-specific likeli-
hood ratios (SSLR) for continuous scales.'”?° Addi-
tionally, positive and negative’ LR, sensitivity,  and
specificity were also assessed for the results. Positive
and negative predictive values depend on disease
prevalence, but they are reported herein.

Receiver operating characteristic (ROC) analysis
was also conducted. We determined whether the two
correlated AUC values obtained from 76 subjects
who completed both type of CES-D were statistically
different using a non-parametric method.” Finally, a
McNemar ¢* test with continuity correction was used
to assess the difference in feasibility between the two
types of CES-D in a total of 86 participants. All analy-
ses were performed in the R statistical computing
environment for Windows (version 2.6).2% All tests
conducted were two tailed.

RESULTS

When the time required to complete the CES-D was
surveyed, we found the 20-item CES-D to be much
lengthier  to administer than the 10-item’ CES-D
(average time -+ SD: 3.4 = 2.4 min for the long form
and 1.1 * 1.0 min for the short form). On examina-
tion ‘of the internal- consistency reliability, alpha
coefficients for the:20-itemand 10-item CES-D were
0.92 and 0.80, respectively. ROC analysis illustrates
the excellent ability of the CES-D to discriminate
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Figure 1. Receiver operating characteristic curve for the (-@-)
10-item and (-@-) 20-item Center for Epidemiologic Studies
Depression Scale to screen for depressive episodes.

between depressive and non-depressive subjects. The
AUC was 0.89 (95% confidence interval [CI}: 0.82-
0.96) and 0.92 (95%CI: 0.86-0.98) for the 20-item
and '10-item CES-D, respectively (Fig. 1). These two
AUC, which were obtained. from 76 subjects com-
pleting both types of CES-D, were not significantly
different (P =0:52): Table 3 lists the results for the
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sensitivity, specificity, and predictive values for the
various cut-offs of the two types of CES-D. In addi-
tion, Table 4 lists the SSLR and aforementioned oper-
ating characterislics as a whole.

Finally, the number of items not completed on the
10-item CES-D were 10 items for three patients and
one item for three patients, while those on the
20-item CES-D were 20 items for nine patients, six
items for one patient, and one item for one patient
(Fig. 2). The number of subjects who failed to com-
plete more than a predefined threshold number of
items in the 10-item CES-D was significantly lower
than that in the 20-item CES-D (3/86 vs 10/86;
McNemar's ¥*=5.14, df. =1, P=0.02). The diag-
noses assigned to the subjects who failed to complete
the 20-item CES-D consisted of six cases of dementia,
two of mental retardation, and two of major depres-
sion; for the 10-item CES-D, the diagnoses were three
cases of dementia (Table 1).

DISCUSSION

The major findings of the present study are the fol-
lowing: (i) the feasibility of the 10-item CES-D is
significantly and substantially higher than that of the
20-item CES-D; (ii) the 10-item CES-D's internal con-
sistency, reliability, and validity were almost identical
to those of the 20-item CES-D, and they indicate its
use as a screening instrument for major depression in
psychiatric outpatient settings; and (iii) the 10-item

Table 3. Validity characteristics of the 10-item and 20-item CES-D at different cut-offs

Cut-off Sensitivity
10-item CES-D 3/4 0.94
4/5 0.91
5/6 0.88
6/7 0.74
7/8 0.47
20-CES-D 16/17 0.97
19/20 0.94
20/21 0.94
22/23 0.91
23/24 0.91
24/25 0.88
27/28 0.79
30/31 0.76
36/37 0.65

Specificity PPV NPV
0.67 0.70 0.93
0.69 0.70 0.91
0.81 0.79 0.89
0.93 0.89 0.81
0.98 0.94 0.69
0.48 0.60 0.95
0.55 0.63 0.92
0.57 0.64 0.92
0.71 0.72 091
0.76 0.76 0.91
0.76 0.75 0.89
0.76 0.73 0.82
0.86 0.81 0.82
0.95 0.92 0.77

Bold, chosen cut-off scores.

CES-D; Center for Epidemiologic Studies Depression Scale; NPV, negative predictive value; PPV, positive predictive value.
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Table 4. Validity characteristics for the 10-item and 20-item CES-D to screen for depressive episodes

CES-D-20 CES-D-10
AUC (95%CI) 0.89 (0.82-0.96) 0.92 (0.86-0.98)
SSLR (95% CI) 0-20 0.11 (0.03-0.37) 0-3 0.09 (0.03-0.30)
21-36 0.73 (0.39-1.35) 4-6 0.79 (0.35-1.75)
37-60 13.59 (3.98-46.35) 7-10 10.29 (3.70-26.63)
LR+ (95% Cl) 24-60 3.83 (2.24-6.54) 6-10 4.63 (2.51-8.55)
LR~ (95% Cl) 0-23 0.12 (0.04-0.32) 0-5 0.15 (0.06-0.35)
Sensitivity 0.91 0.88
Specificity 0.76 0.81

AUC, area under the ROC curve; CES-D, Center for Epidemiologic Studies Depression Scale; Cl, confidence interval;
LR+, positive likelihood ratio; LR-, negative likelihood ratio; SSLR, stratum-specific likelihood ratio.

CES-D can be administered in approximately 30% of
the time necessary for the 20-item CES-D. To the best
of our knowledge, this study is the first to evaluate
the feasibility of any depression-screening instru-
ment in psychiatric outpatient settings. The second
finding is in agreement with results reported in older
primary care patients, who tend to have as broad a
spectrum of cognitive impairments as the psychiatric
population.”" With regard to administration time,
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No. non-completed items
Figure 2. No. non-completed items on:the (a) 10-item and

(b) 20-item Center for Epidemioclogic Studies Depression
Scale.

© 2009 The Authors

the third finding is also in agreement with previous
reports.®

Unfortunately, the psychiatric population tends to
have a broad spectrum of cognitive impairments
derived from their mental disorders.'" Furthermore,
major depression is a common (30-50%) compli-
cation of dementia.? Significant limitations thus
hinder the routine administration of a questionnaire
to all patients. regardless’ of risk status in practice-
based screenings. These limitations arise primarily
due to patient cognitive impairment, which has been
reported to reduce questionnaire acceptability and
feasibility.?* To cope with this problem,; it is desirable
to ‘ise questionnaires that are as feasible and-accept-
able as possible. The present results show that almost
all of the subjects who failed to complete the 20-item
CES-D: were unable to answer any of the items
although half of the subjects who failed to complete
the 10:item CES-D were unable to answer only one
item on it (Fig. 2). This suggests that the feasibility of
each questionnaire may not be so much influenced
by the number of items used for each questionnaire
but by the answer format, where the former use a
multiple-choice format bt the latter uses a yes or no
format. Therefore, a questionnaire with a yes or no
format (e.g. the 10-item CES-D) may be more suit-
able for psychiatric outpatient settings  than those
with a multiple-choice format (e.g. the 20-item
CES-DJ in the light of its feasibility.

From a clinical perspective; the purpose of screen-
ing is to improve diagnostic recognition. This
requires high sensitivity and a corresponding small
false-negative rate so that the clinician can be confi-
dent that a negalive test result indicates little need to
inguire ‘about ‘the target disorder's symptoms. In
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contrasl, false positives are less of a problem for a
screening instrument because their major cost is the
time a clinician takes to determine that the disorder is
not in fact present. Presumably, this is the time the
clinician would have nonetheless spent for the same
purpose.® This perspective is based on the situation in
which the sensitivity and specificity are used to gauge
test performance. If the SSLR is instead used to test
performance, it is not necessary to tolerate the cost of
high false positives.

Using the data in strata rather than a series of
cut-offs for positive versus negative findings is a more
efficient use of the information included in a test. Tirst,
a patient’s pre-test probability of disease is estimated
from experience, local data, or published literature.
Next, the pre-test probability can be converted to the
post-test probability using the formula:

Pre-test odds x SSLR = Post-test odds

Note that these are odds, not probabilities. The con-
versions are simple but notintuitively obvious: odds =
probability / (1 — probability) and probability =
odds / (1 +odds)." For example, consider a patient
with a pre-test probability of 30% for a major depres-
sive episode. Those patients with a 10-item CES-D
score >7 have a post-test probability of 83% for this
episode, whereas those with a score <3 have a post-test
probability of 4.9%. Thus, we can make our recogni-
tion sensitive and specific at the same time by using a
SSLR based on a given test score.

The first-limitation of the present study is the reli-
ability of cognitive disorder diagnoses, which differ
from the diagnoses of other disorders based on'the
MINI. It must be noted that there was no confirma-
tion of their reliability. The second limiting issue is
the relatively small size of the study sample, which
did not permit the examination of variables poten-
tially causing CES-D infeasibility. Third, because we
did not check whether or not each subject had diffi-
culty in completing the CES-D; the extent to which
external help in the completion of the instrument can
affect its feasibility is not clear. Each type of CES-D,
however, was administered in a consistent manner
and thus, the comparison of two types of CES-D

“should be valid at least in the present study. The
fourth’ issué is the histogram comparison of ‘the
uncompleted item between the two types of CES-D
(Fig. 2), based on which we suggested that the feasi-
bility for each questionnaire could be influenced by
their answer format; rather than by the number of
items. There is a possibility, however, that the feasi-
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bility of the queslionnaires may be influenced by the
number of items. For example, most subjects who
failed to complete the 20-item CES-D recognized it
too hard to answer items on it due to their symptoms
(such as lack of self-confidence, lack of concentra-
tion, or tiredness). Another explanation is the differ-
ent factor structures that underlie the two types of the
CES-D. There are 50% of items in the 10-item CES-D
belonging to the somatic factor, but only 35% of
items in the 20-item CES-D.? Such differences may
affect the difference of the feasibility, rather than the
answer format used. To eliminate this uncertainty, it
is a better strategy to make a comparison between the
same type of CES-D with different answer formats.
One such example is the comparison between the
10-item CES-D with yes-no format and multiple-
choice format. To make this comparison, we created
the 10-item CES-D from the 20-item CES-D retro-
spectively, which is referred to as the post-hoc
10-item CES-D here. The number of items not com-
pleted on the post-hoc 10-item CES-D was 10 items
for nine patients and four items for one patient, and
thus, significantly more patients failed to complete
the post hoc 10-item than the original 10-item CES-D
(10/86vs 3/86; P = 0.02). Therefore, the feasibility of
the instruments seemed to be influenced by their
answer format, rather than by the number of items,
although there still remains the possibility that the
number of items may influence the feasibility:

Despite. these limitations, the present study has a
higher success rate in making a diagnosis than previ-
ous studies™”; this confers greater generalizability to
the results:

In summary, the present data suggest that the
10-item CES-D ' (a questionnaire with 'a yes or no
format) is a better instrument to use for detecting
major depressive episodes in psychiatric outpatient
settings  because of (i) a substantial reduction  of
respondent burden; (ii) the resulting greater feasibil-
ity over the 20-item CES-D (a multiple-choice format
test); and yet (iii) reliability and validity comparable
to the 20-item CES-D: The different answer format
used in each questionnaire may influence its feasibil-
ity, rather than the number of items.
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