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Background: In order to evaluate the suitability of the clock drawing test (CDT) for a detection
of dementia and mild cognitive impairment (MCI), we assessed interrater reliabilities, correlations,
and validity of four common scoring methods of the CDT. Methods: The study subjects consist-
ed of 524 community elderly aged between 60 and 85 yr. Clock drawings were scored indepen-
dently and blindly by three raters according to four different methods (Freedman, Rouleau, Todd,
and CERAD-CDT). Subjects were assessed of their cognitive function and activity of daily life.
Dementia was assessed by a psychiatrist using DSM-IV or NINCDS-ADRDA criteria. Sensitivity
and specificity of the each scoring methods was estimated. By comparing area under the curve,
the diagnostic efficiency of the CDT methods for dementia and MCI were evaluated. Results:
Inter-rater and intra-rater reliabilities were high for all four scoring methods. The area under the
curve was 82.0-89.7% for the dementia and 65.3-66.9% for the mild cognitive impairment. Sen-
sitivity of clock drawing test was between 0.75 and 0.85 for dementia and 0.41 and 0.85 for mild
cognitive impairment, and specificity was between 0.80 and 0.84 for dementia and 0.43 and 0.83
for mild cognitive impairment. Conclusions: The reliability and validity of CDT for dementia and
MCl in the elderly living in the community was not high. Therefore, CDT is not recommended to
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Ischemia Scale), ¥H E|¥& %= (Global Deterioration
Scale), Xt} U4 714 = (Clinical Dementia Rating), =3
2|uf A 2] (Korean Dementia Screening Questionnaire),
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and Stroke—Alzheimer's Disease and Related Disorders
Association (NINCDS-ADRDA)9] “probable Alzheimer's di—
sease’ [92] 71290 SJ71a1o] ARSI, B Avl DSM-
IV [19]19] 71520l oAt Aksiqict, & Akl ARg-H =4t
4 BN of3 BEQAoNS A1 okt 2ok D B
R A 3 B At B 7101 Sle Aol 5
adhs A, 2) A EANS 71‘3@ & HEROE A
o] tpol g/ ng<pol vlsl Zka] o FEH o] e A9
71918l Asl= Seoul Verbal Learning Test (SVLT) [23]12]
Al A3)AFo] 16994 o]sle] ALY Simple Rey Figure Test
(SRFT) [24]9] AA3)o] 16WE 914 o]5k] 9= A 2Jaal
t}, 2053 9] A3k= Short version of the Korean version
of Boston Naming Test, form S (S—K-BNT-S) [25]7} 161}
=9 ols}, AlE s 9] A8k Simple Rey 2] Copy”t 16
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452 Astelet. 5992 B7ksh] fleiA Contrast—
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ARSI on Aol 3AAL COWATS semantic?} phone—
mic FHE ARSI 3) HE oA eAke] AR5
2 fAE|ofok gt 4) DSM-IVAF A|ulj= of ofof g} 26).
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3. AlA 217 HEET

AALR7] AR Qe flstol 71 del Aokt Hal 4
Fotol7] 41 47HA S ARE-SHItHTable 1), Freed—
man [5] -2 2 24, 4+ 64, Bk 674,

52—] oz :’l/vlﬂoi Oh:} g‘g]x{ 7(—1*‘— OX—\o]tq J,]j_l_ X—V\‘: 15
Hor Ha7t w25 dA7Iso] & HEH e 51t
o}, Freedman H-AA= AlA 227104 Uehu= thefet
HRES TR YL Bt opie} YEY o2 AT on),
APAIEE A A1 7o) tkAElo] gl R A AL 913 ol
AMEEIIL 9 Rouleau [20, 2719) AL AlARo) ek
2, S84 87 o4 8 &4 48, KA B o Ay
47 9] 2 10402 FAE ] Qtt 7P 7ickel o g o=
W Blwske] Adi-g/do] Eral(28] ¢#%l The Con-
sortium to Establish a Registry for Alzheimer's Disease—
Clock Drawing Test (CERAD-CDT) [29]%= 0-33 2.2 4
o] it} Todd [301H-2 Rey complex figure testE £
2 5lo] WhEod Ao moF 24 2R} 1-6 24, A 7-12 2
4, A vks 24, 7 vhs 239 F 10822 3 E o] qlch

ZA1H08 =

4. 8H =M

A W AR o, Amit 7He] AbElQlteH] WS
&H40] 2ol = analysis of variance
(ANOVA)E, HEHSFS Aol chi-square testE Al3Y3}
Sk, 2 AL 7] 471A] AJA| 212 7] AR ol Tt Al#
T B71sl7] 918l Pearson correlation coefficient& -5f
At} E=3F zF FRgub o] x|uf 2 Az QIx| Rl Rthe] wizke
2} Eo]% receiver operation characteristics (ROC) curve

analysisg ©]8-5to] 343} WA (area under curve, AUC),

Table 1. Psychometric properties of the 4 clock drawing test
scoring methods

Total Cutoff Point

score point unit Category Condition
Freedman 15 7 1 Face, number, hands,  Free drawn
center
Rouleau 10 5 1 Face, number, hands,  Free drawn
errors
Todd 10 6 05 Face, number, hands Free drawn
CERAD-CDT 3 1 1 Face, number, hands Free drawn

CERAD-CDT, The Consortium to Establish a Registry for Alzheimer's
Disease-Clock Drawing Test.
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A 2287] H49] E3EE Freedman WHE 29 AA; =0l
12.1%3.6, XA Z ol 10.2+4.5, A0l =913t 3.8+4.8,
Rouleau W] 749 GAF =1t 8.0£2.5, HEQAAF ol
6.4+3.2, Am| =0l 2.5+1.1, Todd HH 4%
T 7.9%2.4, HAEAAFT 6.5+3.0, Al =9l 2.1+2.9,
CERAD-CDT %9 A9 A4 =915 0.6£0.9, B=AA%
o 1.2£1.2, A =2l 2.5+1.10|ic}. AlA 18)7] He
oA 471A] B 5 A - 7] §-213t 2folE Ve QlTh(F=
44,341, 50.312, 48.461, 37.290, p=0.001, 0.001, 0.001,
0.001).
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Table 3. Interrater and intrarater reliability of four CDT scoring
methods

Rating Rater A-B' Rater A-C' Rater B-C' rgﬂgi:ﬁ tye;f
method (n=49) (n=49) (n=49) rating’ (n=29)
Freedman 0.95% 0.89* 0.92* 0.93*
CERAD-CDT 0.75" 0.93* 0.85* 0.94*
Todd 0.93" 0.93* 0.87* 0.92%
Rouleau 0.90* 0.93* 0.96* 0.97*

*p<0.01; "Pearson correlation coefficient; ‘Done by rater A.
CDT, Clock drawing test; CERAD-CDT, The Consortium to Establish a
Registry for Alzheimer's Disease-Clock Drawing Test.

Table 2. General characteristics and main test results of the subjects by diagnostic category

Normal elderly (a) (n=241) MCI (b) (n=224) Dementia (c) (n=20) For chi p
Age (yr) 70.6+5.7 715+6.2 79.0£57 18.729 0.001*c>a, b
Education (yr) 6.6+4.7 55+47 49+59 4.088 0.017* a>b
Sex (M/F) 84/157 (34.9%) 86/138 (38.4%) 10/10 (50%) 2.107 0.349'
Literacy 13/228 (5.4%) 27/197 (12.1%) 5/15 (20%) 12.290 0.002'
Tests
K-MMSE score 238+32 21.7+4.0 145+6.1 66.102 0.001* a>b>c
CDR 0.3+0.2 04+03 1.7+09 207.731 0.001* a<b<c
S-GDS-K 55+42 59+38 6.3+4.6 0.609 0.545*
Clock drawing test
Freedman 12.1+3.6 (0-15) 10.2+4.5(0-15) 3.8+4.8(0-13) 44.341 0.001* a>b>c
Rouleau 8.0+2.5(0-10) 6.4+3.2 (0-10) 25+1.1(0-3) 50.312 0.001* a>b>c
Todd 7.94+2.4(0-10) 6.5+3.0 (0-10) 21+29(0-9) 48.461 0.001* a>b>c
CERAD-CDT 0.6+0.9 (0-3) 12+1.2(0-3) 25+1.1(0-3) 37.290 0.001* a<b<c

*By ANOVA, multiple comparison by Tukey test, 'By chi-square test.
MCI, Mild cognitive impairment; K-MMSE, Korean version of Mini Mental State Examination; CDR, Clinical Dementia Rating; K-GDS, Korean-Geriatric
Depression Scale; CERAD-CDT, The Consortium to Establish a Registry for Alzheimer’s Disease-Clock Drawing Test.
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Table 4. Cut-off point, sensitivity, and specificity by four CDT scor-
ing methods for dementia

CDT scoring Cut—c?ﬁ.point Sen.siltivity Spepif.icity AUC .

method (original (original (original  (95% confid-
study)* study) study) ence interval)

Freedman 7/8 0.800 0.819 0.874
(7/8) (0.800) (0.819)

Todd 4.5/5 0.850 0.811 0.879
(6/6.5) (0.850) (0.748)

Rouleau 4/5 0.850 0.802 0.897
(5/6) (0.850) (0.761)

CERAD-CDT 2/3 0.750 0.841 0.820
(011) (0.900) (0.542)

*, cutoff point suggested in original study.

CDT, Clock drawing test; CERAD-CDT, The Consortium to Establish a
Registry for Alzheimer’s Disease-Clock Drawing Test; AUC, area under
curve.

£ 0
2= - - Freedman
‘s 05
qc) --m- Todd
o 04 —a RL

0.3 —— CERAD-CDT

0.2

0.1

0 I I I I
0 0.2 04 0.6 0.8
1-specificity

Fig. 1. ROC curve by four CDT scoring methods for dementia.
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w12l gt AlAl 12)7]¢] el Adst WA
0.653-0.669% & T Sk A HeoAl9 vifd==
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Bl 248 W4 0,594-0.636 2.8 & o WhtHFig, 2).

Table 5. Cut-off point, sensitivity, and specificity by four CDT scor-
ing methods for mild cognitive impairment

CDT scoring Cut-offpoint

method Sensitivity  Specificity AUC
Freedman 9/10 0.407 0.830 0.653
Todd 6/6.5 0.444 0.813 0.661
Rouleau 7/8 0.564 0.718 0.669
CERAD-CDT 1/2 0.853 0.430 0.656

CDT, Clock drawing test; CERAD-CDT, The Consortium to Establish a
Registry for Alzheimer's Disease-Clock Drawing Test; AUC, area under
curve.
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Left in total study subjects, Right in stratified randomized subjects according to age, sex, education.

CDT, Clock drawing test; ROC, receiver operation characteristic.
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Fig. 2. ROC curve by four CDT scoring methods for mild cognitive impairment.
Left in total study subjects, Right in stratified randomized subjects according to age, sex, education.

CDT, Clock drawing test; ROC, receiver operation characteristic.
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