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Association of a Polymorphism of the Matrix Metalloproteinase-9 Gene With
Bone Mineral Density in Japanese Men

Yoshiji Yamada, Fujiko Ando, Naoakira Niino, and Hiroshi Shimokata

Matrix metalloproteinase-9 [MMP-9) is impiica:ced in bone remodeling. A —1562C—T polymorphism in the promoter of the
MMP-9 gene (MAMP3) has been shown to influence gene transcription. The possible relation of this polymorphism to bone
mineral density (BMD) was examined in 1,114 Japanese men and 1,087 women. BMD for the total body, lumbar spine, femoral
neck, trochanter, or Ward's triangle was significantly lower in the combined group of men with the CT or TT genotypes orin
men with the CT genotype than in those with the CC genotype. No significant differences in BMD among MMPS3 genotypes
were observed in premenopausal or postmenopausal women. The =1562C—T polymorphism of MAIPS was thus associated

with BMD In Japanese men.
© 2004 Elsevior inc. All rights reserved.

ATRIX metalloproteinase-9 (MMP-9) is produced by

osteoclasts in human bone and is implicated both in
bone resorption,’-? as well as in bone formation® A C—T
polymerphism at position —1562 in the promoter of the
MMP-9 gene (MMPS) has been shown to affect transcriptional
activity, with the T-allele being associated with increased gene
transcription.d We have now examined whether this polymor-
phism is associated with bone mineral density (BMD) in a
population-based study.

MATERIALS AND METHODS

The National Institute for Longevity Sciences-Longitudinal Study of
Aging i5 a population-based prospective cohort study of aging and
age-related diseases.® We examined the possible association of BMD at
various sites with the —1562C—T polymorphism of MMP9 in 1,114
Japanese men and E087 women. The study protocol was approved by
the Committee on the Ethics of Human Research of the National
Institute for Longevity Sciences, and written informed consent was
obtained from each subject. BMD for the total body, lumbar spine (L2
to L4), right famoral neck, right trochanter, and right Ward's triangle
was measured by dual-energy x-ray absorptiometry.

Genotypes were determined with a fluorescence-based allele-specific
DNA primer assay system. The polymorphic region of MMPY was’
amplified by the polymerase chain reaction with allele-specific sense
primers labeled at the 5' end with either fluorescein isothiocyanate
(5'-CCGAGTAGCTGGTATTATAGGXAT-3) or Texas red (5'-
CGAGTAGCTGGTATTATAGGXGT-3") and with an antisense
primer labeled at the 5 end with biotin (5'-AAACCAGCCTGGT-
CAACGTA-3). The reaction mixtures (25 pL) contained 20 ng of
DNA, 5 pmol of each primer, 0.2 mmol/L of each deoxynucleoside
triphosphate, 4.5 mmol/L MgCl,, and | U of Tag DNA polymerase in
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buffar. The amplification protocol comprised initial denaturation at
95°C for 5 minutes, 35 cycles of denatucation at 95°C for 30 seconds,
annealing at 66.5°C for 30 seconds, extension at 68°C for 30 seconds,
and a final extwension at 68°C for 2 minutes, Amplified DNA was
incubated in a solution containing streptavidin-conjugated magnetic
beads in the wells of a 96-well plate at room temperature, The plats was
placed on a magnetic stand, and the supematants from each well were
transferred to the wells of a 96-well plate containing 0.01 molL NaOH
and then measured for fluorescence with a microplate reader.
Quantitative data were compared among 3 groups by 1-way analysis
of variance and the Tukey-Kramer post hoc test, and between 2 groups
by the unpaired Student’s ¢ test. BMD values were analyzed with
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According to the —1562C—T Genotype of MMP3

YAMADA ET AL

Table 1. BMD and Other Characteristics of Men [n = 1,114} or of Premenopausal {n = 279) or Postmenopausal (n = 808) Woemen

Characteristic cc cT ke T+ 1T
Men
No. {%) 794 {71.3) 280 (25.1) 40 (3.6} 320{28.7)
Age (yr) £9.0 =04 599 %07 587217 537 £ 0.6
BM! (kg/m?) 228 =01 22802 23.1*04 228 =02
Fracture {%} 201 {25.3) 76 (27.1) 11 (27.5) 87 [27.2)
BMD values {g/em?)
Total body 1.080 = 0.003 1.076 = 0.006 1.081 = 0.015 1.077 = 0.005*
L2-L4 0.988 > 0.006 0.965 £ 0.010 0.981 = 0.026 0.967 = 0.009"
Femorsl neck 0.758 = 0.004 0.739 = 0.006* 0.736 = 0.017 0.739 = 0.006%
Trochanter 0.673 = 0.004 0.655 = 0.006* 0.659 * 0.017 0.6565 = 0.006*
Ward's triangle 0.553 = 0.004 0.534 £ 0.007* 0.532 = 0.020 0.534 * 0.007%
Premenopausal women
No. (%} 200 {71.7} 70{25.1} 91(3.2) 79 {28.3)
Age (yr) 46,2 £ 0.3 45.86 £ 0.5 49,9 * 1.58 46.1 x 0.5
BMI {kg/m?) 228 0.2 228 04 227*1 22804
Fracture (%} 23{11.5) 8{11.4} 3({33.3) 11{13.9)
BMD values {g/em?}
Total body 1.0581 = 0.008 1.102 + 0.010 1.088 % 0.028 1.100 = 0.009
L1214 1.019 = 0.009 1.035 £ 0.014 1.031 = 0.041 1.035 * 0.014
Fernoral neck 0.770 =£0.007 0.775 £ 0.016 0.793 = 0.033 0.777 = 0.011
Trochanter 0.6564 = 0.006 0.664 = 0.011% 0.689 = 0.030 0.667 = 0.010
Ward's triangle 0.653 x 0.009 0.654 = 0.015 0.693 = 0.042 0,658 = 0.014
Postmenopausal women
No. (%} ’ 563 (69.7} 214 (26.5) 31(3.8) 245 {30.3})
Age {yr) §39%+04 64.1 £ 0.6 85015 64.2 * 0.5
BMI (kg/m?) 23.0 =01 228=0.2 233+06 229 =02
Fracture (%) 114 {20.2} 45 {21.0) 8({25.8) 53 {21.6)
BMD valuas {g/cm?)
Total body 0.920 + 0.004 0.915 * 0.006 0.914 = 0.016 0.915 = 0.006
L2-La 0.808 + 0.006 0.806 = 0.009 0.841 = 0.025 0.810 £ 0.009
Femoral neck 0.645 = 0,004 0.642 + 0.006 0.637 = 0.016 0.641 * 0.006
Trochanter 0.540 * 0.004 0.538 = 0.006 0.533 = 0.016 0.537 = 0.006
Ward's triangle 0.452 = Q.005 0.451 = 0.008 0.461 > 0.022 0.452 * 0.008

NOTE. Data are means = SE. BMD values are adjusted for age.
*P< 05 1P < .01, 3P <.005 v CC.
§P< OSvCCor €T

adjustment for age by the least squares method in a geéneral linear
model, A P value < 05 was considered statistically significant.

RESULTS

Age, body mass index (BMI), and the prevalence of non-
traumatic fractures did not differ among —1562C—T geno-
types in men or in premenopausal or postmenopausal women
(Table 1). We compared BMD values among the 3 genotypes
(CC, CT, and TT), as well as between 2 groups of genotypes in
dominant (CC and CT + TT) and recessive (CC + CT and IT)
genetic models to examine the effect of the T allele on BMD.
BMD for the total body, lumbar spine, femoral neck, trochan-
ter, or Ward's triangle was significantly lower in the combined
group of men with the CT or TT genotypes or in men with the
CT genotype than in those with the CC genotype (Table 1), The
differences in BMD between men with the CC genotype and
those with either the CT or TT genotypes (expressed as a
percentage of the corresponding larger value) were 1.5% for the

total body, 2.2% for the lumbar spine, 2.8% for the femoral
neck, 2.7% for the trochanter, and 5.2% for Ward’s triangle.
For premenopausal or postmencpausal women, BMD did not
differ among —1562C—T genotypes (Table 1).

DISCUSSION

We previously showed that the —1607G—GG polymor-
phism of MMP1 was associated with BMD at the radius in
postmenopausal wornen,$ with the GG genotype, which exhib-
its an increased transcriptional activity,” representing 2 risk
factor for reduced BMD. The T allele of the —1562C—T
polymorphism in the promoter of MMP9 also exhibits higher
transcriptional activity than does the C allele. A 9-bp sequence
(—1567 to ~1559) containing the —1562C—T site has been
sugeested to function as an important regulatory element by
serving as a binding site for a transcriptional repressor protein.
In addition, the serum concentration of MMP-% was shown to
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be higher in individuals with the TT genotype than in those with
the CC or CT genotypes.s We have now shown that the
—1562C—T polymorphism of MMP$ was associated with
BMD at various sites in Japanese men, with the T allele being
related to reduced bone mass. Given that MMP-8 degrades
collagen in the bone matrix, an increased activity of this pro-
tease might be expected to result in reduced bone mass. Qur
results are thus consistent with the previous observations that
the T allele of MMP9 exhibits higher transcriptional activity
and is associated with a higher serum concentration of the
encoded protein.’

Given that BMD values for the total body, lumbar spine,
femoral neck, trochanter, and Ward's triangle in men with the
TT genotype were similar to those in men with the CT geno-
type, the T ailele may exert a dominant effect on BMD. The
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lack of statistical significance for differences in BMD between
the CC and TT genotypes may be attributable to the small
number of subjects with the TT genotype (n = 40), compared
with the number of those with the CT genotype (n = 280). This
polymorphism was associated with BMD in men but not in
women. The reason for this gender difference remains unclear,
but differences in the concentrations of estrogen and other
sex hormones between men and women might be contribut-
ing factors. Although it is possible that the —1562C—T
polymorphism of MMP9 is in linkage disequilibrium with
polymorphisms of other nearby genes that are actually re-
sponsible for reduced BMD, our present results suggest that
this polymorphism of MMP9 is associated with BMD in
Japanese men.
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The influence of aging and generalized diseases on hearing loss
Yasue Uchida, PhD *, Tsutomu Nakashima, PhD **, Naoakira Niino, PhD ***,
Fujiko Ando, PhD **** and Hiroshi Shimokata, PhD ****
* Department of Otorhinolaryngology, National Center for Geriatrics and Gerontology
** Department of Otorhinolaryngology Cognitive and Speech Medicine, Nagoya University School of Medicine
it Department of Gerontology. Graduate school of Obirin University

e Department of Epidemiology, National Center for Geriatrics and Gerontology

Objective | A number of intrinsic and extrinsic factors have been considered to have an intricate associa-
tion with age-related change in hearing. Age-related change in hearing thresholds varies among individuals
considerably, and part of the variation can be explained by the presence/absence of potential causes. The
objective of the present study is to investigate the independent contributions of aging and generalized
diseases to hearing threshold deterioration, considering potential confounding factors.

Subjects and method : Of 1534 participants in a population-based study, 1347 subjects aged between 41
and 82 years who adequately completed detailed questionnaires for the present analysis and completed pure-
tone audiometry were selected. Confirmed hearing loss was classified into six types . average threshold
equal or greater than 40 dBHL of thresholds at 3 low frequencies in the better ear [type 1] or the worse ear
[type 2] i that of thresholds at 3 high frequencies in the better ear [type 3} or the worse ear [type 4] ; and
that of thresholds at 4 speech range frequencies in the better ear [type 5] or the worse ear [type 61.
Statistical analysis according to sex was performed in order to identify factors associated with the 6 types of
hearing loss using a multiple logistic regression model in which the independent variables were age, hyper-
tension, hyperlipidemia, diabetes mellitus, ischemic heart disease, renal disease, liver disease, ear disease,
smoking habit, and occupational noise exposure,

Results : Age (odds ratio [OR] per 10 years = 1.17, 1.12, 1,17, 1. 17, 1.28, and 1.15 for types 1. 2, 3, 4. 5,
and 6, respectively, in males, and OR = 1.27, 1.11, 1.17, 1.14, 1.13,-and 1.13 for types 1. 2. 3, 4, 5, and 6,
respectively, in females), presence of diabetes mellitus (OR = 2.29, 3,67, and 2.42 for types 2, 5. and 6.
respectively, in males and OR = 3.03 for type 3 in females), presence of ischemic heart disease (OR = 3.80
for type 1 in males) and presence of renal disease {OR = 5.90 for type 1 in females) showed a significant
statistical association with hearing loss.

Conclusion : Diabetes mellitus, ischemic heart disease, and renal disease may each adversely affect hearing
preservation. Aging may, however, still be considered an independent risk factor of hearing impairment.

Key words  Hearing loss, aging, diabetes mellitus, ischemic heart disease, renal disease
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High prevalence of ametropia in Rishiri Island, Hokkaido

Yoshiko Takai*! Shou Igarashi  Makoto Sato*? Emi Shimamoto*! Satoshi Ishiko
Reiko Kinouchi  Kentaro Chonan*? Hideki Nomura*® Hiroshi Shimokata** Akitoshi Yoshida*!

*1  Dept of Ophthalmol, Asahikawa Med Coll *z Dept of Ophthalmol, Kushiro Rosai Hosp
*3  Dept of Ophthalmol, Chubu National Hosp *4 Dept of Epidemiol, National Inst for Longevity Sci

Abstract, We conducted an ophthalmological survey in Rishiri Isiand in October 2002. Qut of 6,000 inhabitants, 253
persons participated the program. They comprised 90 males and 163 females. Their ages averaged 64.4 years. A total
of 230 persons (91%) were aged 40 years or over, Visual acuity in the right eye was 1.0 or better in 54% and was
0.5 or less in 22%. Out of a toal of 506 eyes, following diseases were detected : cataract (51.7%), glaucoma (6.9%),
diabetic retinopathy (4.4%), chorioretinal atrophy (4.0%), and posterior staphyloma (2.8%). Spherical equivalent
of refraction in 223 right eyes averaged—0.3£3.1 diopters. In persons over 40 years of age, 4.5% had myopia of — 6 di-
opters or greater and 48.4% had hyperopia of+0.5 diopter or greater. The intraocular pressure in persons aged 40
years or over averaged 13.52.9 mmHg, Inhabitants in Rishiri Island thus had a higher incidence of hyperopia and
high myopia when compared with previous reports in other parts of Japan. High incidence of chorioretinal atrophy and
posterior staphyloma appeared to be related with that of high myopia.

" PRinsho Ganka {Jpn J Clin Cphthalmal} 56(9) : 1673~1677, 2004
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Abstract

To validate the Clock Drawing Test (CDT) as a screening
method for detecting mild cognitive impairment (MCI)
and to find the appropriate scoring protocel and its cutoff
point, we compared the sensitivity and specificity of
three CDT protocols. Subjects included 219 outpatients
with memory complaints, who were attending the geriat-
ric memory clinic. Cahn's protocol, with a cutoff point of
7, was more successful at differentiating clinically diag-
nosed MCl subjects from normal elderly individuals, with
higher sensitivity {74.7%) and specificity (756.6%), than
were the other protocols. The CDT, as a handy screening
method, may be useful for clinicians to reliably identify
subjects with MCI, and it may contribute to early detec-
tion of dementia,

Copyright © 2004 5. Karger AG, Basel

Introduction

Early detection of dementia is an issue of growing con-
cern because of improved clinical outcomes expected asa
result of early therapeutic interventions or preventive
approaches [1]. In terms of care, the diagnosis of cognitive
deficits at an early stage, when the patient is still compe-
tent enough to make important decisions, can give the
patients and their caregivers the opportunity to prepare
for situations expected to occur as the symptoms progress
(e.g. making environmental arrangements or educating
the family), and also facilitate autonomic future planning
(e.g. writing a living will, assigning durable power to an
attorney or composing advanced directives) [2). The term
‘mild cognitive impairment’ (MCI) was originally used to
describe a transitional state between normal condition
and Alzheimer’s disease (AD) [3] and was first defined by
Petersen et al. [4]. Recently, a revised and extended defi-
nition of MCI has been proposed that covers a broader
range of cognitive impairment. It categorizes MCI into
the following three subtypes: purely amnestic syndrome,
impairment of a single nonmemory domain of cognition,
and slight cognitive impairment in multiple domains of
cognition [5]. It has also been suggested that enlarging the
definition would allow the screening of more subjects at
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risk of dementia [6]. Although many detailed neuropsy-
chological tests evaluating executive functions are avail-
able as screening instruments to quantify the degree of
cognitive impairment, most of them are impractical for
general physicians to administer in their clinical settings
[2, 71. To our knowledge, none of these neuropsychomet-
ric tests can contribute to the accurate diagnosis of MCI
with reliable sensitivity and specificity.

The Clock Drawing Test (CDT) has been arousing the
interest of clinicians and researchers as a convenient
screening instrument for dementia, either by itselforasa
part of a brief neuropsychological test battery. The CDT
takes less than 2 min to administer, and it is easy to com-
prehend the instructions, making it suitable for elderly
patients who may not be able to maintain concentration
[8]. Previous replication studies, which applied various
scoring systems, demonstrated that the CDT is a reliable
method for the detection of dementia [9-12]. The CDT is
relatively less affected by the level of education, Ianguage,
and cultural background than are the other cognitive tests
such as the Mini-Mental State Examination (MMSE) [13,
14]. The protocols of the CDT in published studies are
various. They differ not only in the instructions (with or
without predrawn circle, different time setting) but also in
their scoring criteria. To obtain acceptable reliability for
screening MCI among a target population, the cutoff
points of the CDT applied in previous studies must be
reexamined, since they may not be appropriate in popula-
tions with lower prevalence rates of dementia [9). To date,
there has been a dearth of studies examining the utility of
the CDT  in detecting cognitive deficits in their early
stages, in particular MCI. Previous studies yielded con-
flicting results with limitations in terms of the criteria
used for group assignment, the sample size, and the opti-
mal cutoff points for different types of cognitive status
[15, 16]. Besides, most previous studies emphasized the
use of quantitative analyses of the CDT results, leaving
detailed qualitative analyses of the results somewhat ne-
glected. Despite the existence of reports regarding qualita-
tive analyses of the CDT results in AD and vascular
dementia (VD) patients, those focusing on MCI subjects
are still lacking [17, 18). The purpose of this study was to
warrant the validity of the CDT as a screening method for
detecting MCI by determining an appropriate scoring
protocol with an eptimal cutoff point and qualitative fea-
tures,

Clock Drawing Tests in MCI

Tabte 1. The neuropsychological test battery

Function Test
Gilobal cognitive function MMSE
Orientation MMSE-1,2
Memory MMSE-5
Verbal recall (ADAS, paragraphs)
Verbal fluency Initial letter
Category
Visuospatial praxis CDT, MMSE-11
ADAS-7
Psychomotor speed Digit symbol
Attention Stroop test
Digit Span

ADAS = The Alzheimer's disease assessment scale; ADAS-7 =
constructional ability.

Methods

Participants

Subjects were recruited from outpatients at the geriatric memory
clinic in the Nagova University Hospital, A total of 219 subjects
(male: 75, female: 144) aged 60 years and older who had either sub-
jective memory complaints or memory loss reported by their infor-
mants participated in this study. Informed consent was obtained
from all the participants or their primary caregivers after complete
description of the study. The age of the participants ranged from 60
to 93 years {(mean = 75.1 years, SD = 6.7 years). Years of education
ranged from 3 to 24 years (mean = 10.2 years, SD = 2.8 years). None
of the participants had a history of neurological or psychiatric disor-
ders, and none had been diagnosed as having reversible causes of
cognitive impairment. Routine physical examinations and neurolog-
ical examinations had been carried out in all subjects. Subjects with
receptive aphasias or visual impairment and those who had abnor-
mal thyroid functions or serum vitamin B,1 or folate levels in labora-
tory studies were excluded from the study. Magnetic resonance imag-
ing of the brain was performed on all subjects. The Geriatric Depres-
sion Scale (GDS)-15 was applied as a screening test for excluding
subjects with possible depression at a cutoff point of 8 [19]. Subjects
were administered a neuropsychological test battery including the
CDT, as shown in table | [20-22). General cognitive imypairment
was assessed by the MMSE with a score <24 [23]. Information
derived from a series of diagnostic evaluations, except forthe CDT in
the neuropsychological test battery, was reviewed by a team of expe-
rienced geriatricians at a case conference, and all the participants
were categorized into five groups: normal elderly (NE), MCI, AD/
senile dementia of Alzheimer’s type (AD/SDAT) and mixed demen-
tia, VD, and unclassified demented. The distribution of subjects by
diagnostic category and sex is shown in table 2, Consensus diagnosis
was made at the conference, using the Diagnostic and Statistical
Manual of Mental Disorders Revised Third Edition (DSM-111-R) for
dementia [24] as well as the National Institute of Neurological and
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Table 2. Participant characteristics

Whole Nondemented Demented

sample NE MClI SDAT! VD others
n; M/F 219,75/144 41, 10/31 48,21/27 102; 33/69 14;6/8 14; 5/9
Age 75.1(6.7) 72.7(6.3) 74.7 (6.2) 76.0(6.7) 76.9(6.0) 74.9(83)
Education 10.2(2.8) 10.2(1.8) 11.5(3.7) 9.7(2.4) 10.3(3.0) 8.5(2.5)
MMSE 24.4(5.0) 28.4(1.8) 27.2(2.1) 22.2(5.1) 20.5(5.8) 206{37)
CDT (Sunderland) 7.1(2.4) 9.2{L.1) 7.8(2.1) 6.3(2.3} 5.6(2.5) 5.4(2.3)
CDT (Rouleau) 7.0(2.3) 8.7(1.0) 8.0(1.2) 6.3 (2.5} 5.6(2.2) 5.6(2.2)
CDT (Cahn) 6.1(2.8) 8.4 (1.4) 7.1 (2.0) 5.2(2.8) 4.1(2.5) 4.1(2.4)

Figures indicate means, with SD in parentheses.
I SDAT includes SDAT, AD and mixed dementia.

Communicative Disorders and Stroke and the Alzheimer’s Disease
and Related Association Work Group (NINCDS-ADRDA) criteria
for probable AD to determine patients with AD/SDAT [25], and
using the National Institute of Neurological and Communicative
Disorders and Stroke and Association Internationale pour la Re-
cherche et PEnseignement en Neuroscience Work Group (NINCDS-
AIREN) criteria for probable VD to determine VD patients [26].
Mixed dementia was diagnosed as probable mixed dementia, when
there was a clinical indication that dementia was likely to be attribut~
able to both conditions. In this study, patients with mixed dementia
were incorporated into the AD/SDAT group as stated above. The
diagnosis of MC! was made according to the following criteria:
(1) not demented, (2) subjective memory complain, (3) normal gen-
eral cognitive functioning assessed by the MMSE (score, =24},
(4) objective memory impairment and/or impairment in other cogni-
tive domains as evidenced by scores > 1.5 8D below the age-appro-
priate mean score of at least one or more neuropsychological tests
examined, {5) autonomy in the basic activities of daily living [7, 27].

Measurements

The subjects were given a blank piece of paper and asked to fol-
low a two-step instruction: ‘First, draw a 10-cm diameter clock face
with all numbers on it. Second, put hands on the clock to make it read
10:10." The CDT was scored by a psychologist according to the rating
scales of Sunderland et al. [28], Rouleau et al. [29] and Cahn et al.
[30]. These three sets of scoring criteria were chosen because they are
characterized by concrete scoring instructions with presentations of
actual error types, unlike other scoring methods, which contain vague
or equivocal expressions in their scoring criteria. The psychologist
who was the CDT rater of the present study was not given any infor-
mation about the participant, including performance on other cogni-
tive tests or clinical diagnosis.

The scoring methods used in the present study are as follows.
(1) The CDT by Sunderiand et al. [28] {Appendix 1): this method is
based on the assumption that the representation of the hands is the
first and solely affected item (score 6-10 points), and additional
errors in the representation of numbers and the clock face occur later
{score I-5 points), so that a 10-point scale is used, with higher num-
bers indicating better performance. (2) The CDT by Rouleau et al.
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[29] (Appendix 2): three components of the drawing (integrity of the
clock face, 0-2 points; presence and sequencing of the numbers, 0-4
points, and presence and sequencing of the hands, 0-4 points} are
independently assessed, The scoring method supplies 0-10 points,
with higher numbers indicating better performance. (3) The CDT by
Cahn et al. [30] (Appendix 3): this is considered to be a modified
version of the method by Rouleau et al. [29]. The difference in the
Cahn scoring method is that while Rouleau’s scoring method is
regarded as a quantitative scoring of 0-10 points, the administrator
notes the presence of qualitative errors shown in Appendix 3 and
adds the error numbers up as a qualitative score with a maximum
number of 8. The global CDT score is caleulated by subtracting the
qualitative score from the quantitative score. A 10-point scale is
used, with higher numbers indicating better performance.

Statistical Analysis

All statistical analyses were performed using SP3S 11.0]. for Win-
dows, Differences in age and years of education among the diagnostic
groups were tested using the Kruskal-Wallis test, To examine the
relationships between the CDTs and other variables {age, years of
education, GDS, MMSE score), correlations and their p values were
calculated using the Spearman rank order correlation coefficients.
Distributions of Cahn's qualitative errors were examined using %2
analyses and Ryan’s procedure for multiple comparisons.

Results

The five diagnostic groups shown in table 2 did not dif-
fer in terms of age (p = 0.0811). As for the educational
years, except for the unclassified demented group, the
four definite diagnostic groups did not differ (p = 0.0183).
Distributions of the MCI subtypes are shown in table 3.
The three groups (amnestic, single nonmemory and multi-
ple domains) did not differ in age and years of education
{p=0.8623, 0.3575, respectively).

Yamamoto/Mogi/Umegaki/Suzuki/Ando/
Shimokata/Iguchi



Table 3. MCI characteristics

Correlations between the three CDT scores and other
variables are presented in table 4. None of the CDTs cor-

MCI related significantly with age, years of education, or the
amnestic single multiple  GDS score. However, all the CDTs correlated significant-
nonmemory domains |y with the MMSE score. Within the three CDTs, the
o M/E 10,2/8 10: 476 28 15/13 scores correlated significantly with each other: In part%cu-
Age 74.6 (7.2) 14.0 (1.2) 75.0 (5.6) lar, the Cahn and Rouleau scores correlated with the high-

Education 11.5(3.0) 9.0(3.5) 12.4(3.0) estcorrelation coefficient (r=0.979, p<0.0001).
MMSE 26.8(2.8) 28.9(1.2) 26.9(2.0) We calculated the sensitivities and specificities with
CDT (Sunderland) 9.4 (0.5) 7.3(L.8) 74(23)  different CDT cutoff points to examine the discriminato-
g?ﬁ EE:I‘::‘)&“) gg Eg:’;g gf 85; Z:’; 83 ry power of the CDTs for differentiating MCI and de-
T T T mented subjects from NE (table 5). The analyses demon-
Figures indicate means, with SD in parentheses. strated that Cahn’s protocol had the highest discriminato-
ry power at a cutoff point of 7, with a sensitivity of 74.7%

and specificity of 75.6%.

Observed error types in the four definite diagnostic
categories using Cahn’s criteria for qualitative analysis are
presented in figure 1. The four definite diagnostic groups-

Table 4, Correlation matrix did not differ in terms of age and years of education. The
letters ‘A’ to ‘H’ represent Cahn’s qualitative error types,
Sunderland  Rouleau Cahn  which are described in Appendix 3. Regarding the distri-
' Age 0.146 0.182 0.180 bution. of error types in each group, onlya fevf errors were
Education, years 0.210 0.220 0201  noted in the NE group according to Cahn’s criteria. In the
GDS 0.281 0.312 0.312  MCI group, E (planning deficit) was the most frequent (16
MMSE 0.459 * 0.492* "0.490*  of 48 cases), followed by B (conceptual deficit) and A
;L;‘L?:ﬁ“d 0.836* gggg: (stimulus-bound response; 11 and 9 of 48 cases, respec-
' tively). In the AD group (SDAT/AD/MIXED), B was the
*p<0.001. most frequent (55 of 102 cases, 53.9%), followed by E (27
of 102 cases, 26.5%) and A (18 of 102 cases, 17.6%). In
Table 5. Sensitivities and specificities (%} Cutoff Sunderland Rouleau Cahn

pomt sensitivity  specificity sensitivity  specificity sensitivity  specificity

10 100.0 0.0 100.0 0.0 - 1000 0.0

9 038 48.8 96.1 17.1 96.1 17.1

3 66.0 90.2 78.1 65.9 826 65.9

7 61.2 95.1 56.7 92.7 74.7 75.6

6 427 95.1 36.5 95.1 60.1 92.7

5 38.2 95.1 24.7 97.6 44.4 95.1

4 264 100.0 18.5 100.0 337 097.6

3 10.0 100.0 11.8 100.0 230 100.0

2 5.l 100.0 0.8 100.0 14.6 100.0

! 1.1 100.0 0.5 100.0 10.6 160.0
Clock Drawing Tests in MCI Dement Geriatr Cogn Disord 2004;18:172-179 175
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Percentage

Fig. 1. Comparison of error types among the
four diagnostic groups: NE, MCI, SDAT,
(represents SDAT, AD and mixed demen-
tia), and VD. The horizontal scals {A-H)
represents Cahn's qualitative error types:
A = Stimulus-bound response; B = concep-
tual deficit; C = perseveration; D = neglect of
hemispace; E = planning deficit; F = nonspe-

O e
. MCl

Total
cific spatial error; G = numbers written on NE
the outside of the clock, and H = numbers MCl
written counterclockwise. The bottom table SDAT -
is the matrix showing participants’ actual VD "

number of errors in the four diagnostic

C D
0 0
2 0
18 55 4 0
3 9 2 0

groups.

the VD group, B was the most frequent (9 of 14 cases),
foilowed by E and A (4 and 3 of 14 cases, respectively).
The %2 analysis comparing the frequency of Cahn’s error
types made by the four diagnostic groups revealed that
there was a significant effect of diagnosis in ali error types
(p<0.0001).

Discussion

While various CDT scales are available for detecting
dementia, few studies have examined the adequate scor-
ing protocol and optimal cutoff point for screening MCI.
With the aim of detecting dementia at an early stage, par-
ticularly MCI, the present study compares the three scor-
ing methods, all of which were found to be independent of
years of education and depression scale, which is in keep-
ing with the findings by Shulman et al. {8]. In addition,
the CDT scores determined using the three scoring meth-
ods correlated with MMSE scores with high statistical sig-
nificance, as confirmed in previous studies [12, 31,32} In
most of the former studies, the cutoff points of CDTs were
provided with the aim of distinguishing a demented state
or AD from normal cognition. Recently, Powlishta et al.

176 Dement Geriatr Cogn Disord 2004:18:172-179

[16], choosing 6 different scoring criteria of the CDT for
comparing subjects without altering the cutoff points
determined for dementia in each original CDT criterion,
have reported that the CDT was a poor screening method
for very mild dementia. The sensitivity and specificity for
detecting MCI by the CDT obtained in the current study
were satisfactory. The discrepancy between the results of
the study by Powlishta et al. [16] and those of the current
study may be due to different cutoff points. Comparison
of sensitivities and specificities among the three CDT
protocols revealed that the Cahn scale had the best dis-
criminatory power at the cutoff point of 7. Thus, the
results may indicate that Cahn’s protocol is the most suit-
able method for screening MCI in general practice. As
shown in table 3, the analyses based on MCI subtypes sug-
gest that subjects with amnestic MCI cannot be screened
by the cuteff point we consider optimal for differentiating
MCI subjects from normal individuals. This may simply
imply that MCI subjects without deficits in the cognitive
domain do not lose scores on the CDT, but we need fur-
ther investigation to warrant this notion, given the limited
number of participants included in this study. However,
as we acknowledge the significance of including MCl sub-
types other than the amnestic type, we believe that the

Yamamoto/Mogi/Umegaki/Suzuki/Ando/
Shimokata/Tguchi
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present findings would provide useful information for cli-
nicians for screening subjects at risk of dementia in earlier
stages.

We also examined the error types in MCI subjects
using Cahn’s qualitative criteria and compared them with
the results in the NE and subjects with dementia. In what
follows, impairment underlying each type of frequent
error is disclosed [11, 17, 30]:

(A) stimulus-bound response: disturbance of inhibition
in executive control functioning, an aspect of the frontal
cortical function;

(B) conceptual deficit: loss of semantic memory usually
evoked by the word ‘clock’;

(C) perseveration: an aspect of frontal dysfunction,
and

(E) planning deficit: suggested to be associated with
visuospatial constructional/frontosubcortical dysfuntion.

As shown in figure 1, error type E (planning deficit)
could be a distinctive feature of MCI, which is repre-
sented by imprecise gaps before 12, 3, 6, or 9 of the num-
bers arranged in the clock face, or by clock hands drawn
not from the center of the clock face. This type of erroris
considered to represent the inability to form a strategy for
drawing a clock, presumably due to frontosubcortical dys-
function. The frequency of conceptual deficit in the MCI
group was significantly lower than that in the SDAT/AD/
MIXED and VD group. The conceptual deficit reflects a
loss or deficit in accessing knowledge of the attributes, fea-
tures, and meaning of a clock, and this category includes
misrepresentation of the clock itself and the time on the
clock [30]. Eleven out of 41 MCI subjects made this type
of error; the difference in frequency between the MCl and
the other groups’ subjects did reach statistical signifi-
cance. The SDAT/AD/MIXED and VD groups made this
type of error with a frequency of 50% or above, which was
statistically higher than that in the MCI and NE group,
and that in the MCI being again higher than that in the
NE group. Further investigations with increased number
of subjects may clarify detailed characteristics of the clock
drawing in MCI or its subgroups.

Between SDAT and VD subjects, no significant differ-
ence in error types was identified. This might be because
of the relatively small number of patients in the VD sub-
group in the current study, which may thus have in-
fluenced the statistical analysis. The previous study
showed that the frequency of spatial and/or planning defi-
¢it was significantly higher in patients with mild VD than
mild AD, and in patients with moderate VD, the frequen-
cy of graphic difficulties was significantly higher than in
moderate AD {17]. These assumptions derived from the

Clock Drawing Tests in MCI

observations in this study may help to guide and benefit
from future studies with larger numbers of subjects.

Although the CDT cannot be used solely for clinical
diagnoses, the CDT, as a simple screening method, pro-
vides objective and graphic documentation of cognitive
deficits that can be shared by a wide range of clinicians. In
conclusion, among the three scales examined in this
study, the Cahn scoring method at a cutoff point of 7 is
the most likely indicator for MCI. Petersen et al. [7] rec-
ommended the CDT using Cahn’s protocol as an optional
instrument for brief cognitive assessment, as an addition
to a general cognitive screening test, e.g. MMSE. We
believe that the results obtained in the current study pro-
vide important evidence of the validity of the CDT asone
of the useful screening method for discriminating MCI
from normal cognition.
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Appendix 1
Sunderland’s protocol: a priori criteria for
evaluating clock drawings

10-6  Drawing of clock face with circle and numbers is generally
intact
10 Hands are in correct position

9  Slight errors in placement of the hands
More noticeable errors in the placement of hour and minute
hands
Placement of hands is significantly off course

7
6 Inappropriate use of clock hands
!
5

oo

Drawing of clock face with circle and numbers is not intact
Crowding of numbers at one end of the clock or reversal of
numbers

4 Further distortion of numbers sequence; integrity of clock
face is now gone

3 Numbers and clock face no longer obviously connected in
the drawing; hands are not present

2 Drawing reveals some evidence of instructions being
received but only a vague representation of a clock

1 Either no attempt or an uninterpretable effort is made

10 = Best, and | = worst,
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