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Abstract. There is currently a need to develop tools to identify patievith mild AD and mild cognitive impairment (MCI).
We determined the validity and reliability of a brief, egsildministered cognitive screening battery consistinguefdn of two
well-known brief tests (Mini-Mental Status Examination fAME] and Clock Drawing Test [CDT]) (Mini-clock) to differ¢iate
between patients with mild AD, MCI, and healthy control ®dig. 66 consecutive patients with mild AD, 21 with MCI, and
66 healthy controls seen in a memory clinic setting were amegh Receiver operating characteristic (ROC) curve aislyas
used to calculate the cut-off value permitting discrimioatbetween mild AD, MCI, and healthy control subjects. trager
and test-retest reliability were also assessed. Mean tiagsicores for patients with AD, MCI, and control subjeatsadl two
individual tests were significantly different (for eaghg 0.001). The mean area under the ROC curve for Mini-clock vigisan
than that obtained with MMSE or CDT in differentiating mildDAfrom controls (0.973 vs. 0.952 and 0.881, respectively) an
MCI from controls (0.855 vs. 0.821 and 0.779, respectiveligst-retest reliability for the Mini-clock was 0.99, medrile
interrater reliability was 0.87. The mean time to complétest for all subjects was 8 min and 50 s. The Mini-clock ghhyi
sensitive and specific in the detection of mild AD and reabbnaccurate when attempting to separate MCI from healttrotm

It has a high interrater and test-retest reliability, cambiekly administered, and does not require major training.
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INTRODUCTION
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velopment of accurate and easily administered screen-

ing instruments for AD [1,2]. However, there is cur-
rently a need to develop tools to identify patients with
mild AD. Among the most widely used screening tests
for dementia are the Mini-Mental State Examination
(MMSE) and the clock drawing test (CDT).

The MMSE was published more than 30 years ago
in 1975 as a practical method of grading cognitive im-
pairment [3]. The MMSE has 19 individual tests of 11
domains covering orientation, registration, attention or
calculation (serial sevens or spelling), recall, naming,
repetition, comprehension (verbal and written), writ-
ing, and construction [3]. Several surveys of health
professionals show that it has become the most com-
monly applied cognitive test, used by approximately
9 out of 10 specialists [4—6]. It is also often used by
non-specialists although many in primary care consid-
er it too time consuming to administer [7,8]. Opin-
ion is divided about how useful the MMSE is in di-
agnosing dementia, whether it is suitable for primary
and specialist settings and regarding the optimal cut-
off threshold [9,10]. Nevertheless the MMSE has been
the most extensively studied screening instrument for
cognitive impairment [11,12]. A recent meta-analysis
of MMSE accuracy suggested a modest sensitivity of
77% and a specificity of 90% for application in high
prevalence specialist settings and a sensitivity of 81%
and a specificity of 87%, respectively for application in
low prevalence primary care settings [11]. The MMSE
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METHODS
Study population

Patients with mild AD, MCI, and healthy individuals
were recruited from the Memory and Dementing Disor-
ders Clinic at University Hospital of Salamanca, Spain,
between January 2005 and June 2005, by a neurolo-
gist with expertise in dementing disorders (J.C.). The
patients with mild AD and MCI represented consec-
utive referrals to the clinic. Dementia was diagnosed
using the Diagnostic and Statistical Manual of Men-
tal Disorders, Fourth Edition [DSM-1V] criteria [19].
The patients with MCI met the diagnosis criteria of
MCI by Petersen et al. [20]. These criteria include:
1) the presence of a subjective memory complaint, 2)
preserved general intellectual functioning as estimated
by performance on a vocabulary test, 3) demonstration
of a memory impairment by cognitive testing, 4) intact
ability to perform activities of daily living, and 5) ab-
sence of dementia. The patients with AD had to score
one (i.e., mild dementia) on the Clinical Dementia Rat-
ing [21]. AD was diagnosed with the National Insti-
tute of Neurological Disorders and Stroke—Alzheimer’s
Disease and Related Disorders Association diagnostic
criteria [22] based on 1) neurological, medical, psychi-
atric, and/or social examinations; 2) standard labora-
tory studies; 3) computed tomographic scans or mag-

therefore appears to be only modestly accurate method netic resonance imaging; 4) neuropsychological eval-

of detecting dementia.

On the other hand, the CDT has been widely used
particularly as a quick cognitive to screen for dementia
especially in primary care [13]. The CDT is a pre-
drawn clock face with the request to add numbers and
setting a specific time. It usually takes about 2 min to
complete. Althoughitis a very simple task auditory and
visual comprehension, concentration and planning are
needed [13]. Its application in memory clinic settings
is rare (Table 2) [14-18]. Simple pooling of these CDT
studies suggests a sensitivity of approximately 74% and
a specificity of 80%, which may not be adequate when
used alone [14-18].

The goals of this study were: 1) To know if the com-
bination of the MMSE and the CDT Kini-clock™)
increases sensitivity and specificity with respect to the
separated use of both tests. 2) To assess if the Mini-
clock improves discrimination between patients with
mild Alzheimer’s disease (AD), mild cognitive impair-
ment (MCI), and healthy individuals.

uations; and 5) history from a caregiver indicating at
least a 1-year history of progressive cognitive decline.
To ensure more the diagnosis, every mild AD patient
was followed at least 5 years to confirm the diagnosis
of AD. Resultsfrom the Mini-clock did not contribute
to the diagnosis of mild AD and MCI.

Healthy controls were recruited from the spouses
of patients in the Memory and Dementing Disorders
Clinic at University Hospital of Salamanca, Spain. A
medical history was obtained from each subject, in-
cluding current medication use, stroke, mental illness,
mental retardation, or life-threatening illness. Sulgect
with a history of psychiatric or neurological diseases
or alcoholism were excluded, as were those subjected
to psychopharmacological treatment. All claimed to
be independent in activities of daily living, including
shopping, transportation, and managing finances.

This study was approved by the research ethics board
at Salamanca University Hospital. Signed consent was
obtained for all participants.
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Table 1
Previous studies of clock drawing test and clock drawingp&s mini-mental state examination in specialist clirettings
Name Gold standard Methodology Sensitivity ~ Specificity ~ PPVNPV
Heinik et al. [14] DSM-IV Specialist outpatient psychoggric clinic 0.85 0.89 0.963 0.637
assessed using MMSE, CAMCOG and CDT.
CDT results shown.
Heinik et al. [14] DSM-IV As above CDH MMSE shown. 1.00 0.91 0.974 1.00
Aprahamian etal. [15] DSM-IV and Sample was heterogeneous educational lev- 0.742 0.899 0.90 0.74
NINCDS- els from a geriatric outpatient clinic that com-
ADRDA for AD pleted the CAMDEX
Aprahamian etal. [15] DSM-IV and As above but with CDT plus MMSE. 0.90 0.727 0.801 0.856
NINCDS-
ADRDA
Lin et al. [16] DSM-IV and Subjects were administered Chinese version 0.67 0.75 0.60 0.80
NINCDS- of CASI and CDR rating given.
ADRDA
Lessig et al. [17] DSM-IV and Memory clinic study with attempt to opti- 0.71 0.88 0.90 0.65
NINCDS- mize CDT and Mini-Cog. Excluding those
ADRDA for AD with less than 5 years of education and /or
mild cognitive impairment.
Schmidtke et al. [18] Expert Diagnosis ~ Memory clinic stubiild cognitive impair- 0.86 0.78 0.92 0.64

ment excluded from this analysis.

AD = Alzheimer’s disease; CAMCOG&: Cambridge Cognitive Examination; CAMDEX Cambridge Examination for Mental Disorders of the
Elderly; CASI= Cognitive Abilities Screening Instrument; CDR Clinical Dementia Rating; DSM-I\~ Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition criteria. MMSE Mini-Mental State Examination; NINCDS-ADRDA-= National Institute of Neurological
Disorders and StrokeaCAlzheimer's Disease and Relatedr@ss Association diagnostic criteria. NRYNegative predictive value. PP¥

Positive predictive value.
Neuropsychological assessment

Every enrolled subject (patients and controls) un-
derwent detailed baseline neurologic examination in-
cluding evaluation of cognitive deficits with the Mattis
Dementia Rating Scale (MDRS) [23]. The Mini-clock

and every one of the neuropsychological tests scores,
except for MDRS, was not normally distributed
(Kolmogorov-Smirnovp < 0.05). Therefore, age and
scores were compared using a non-parametric approach
(Kruskal-Wallis test), meanwhile MDRS scores were
compared using one-way analysis of variance (ANO-

and the MDRS was administered and scored by three VA). Receiver Operating Characteristic (ROC) curve
experienced neuropsychologistblinded to the diagnosis analysis was performed in order to assess the signifi-

(Y.C.-E., S. G.-N.and L. G.-L., see acknowledgments).
The MMSE was performed according to Folstein and
colleagues [3] and translated into Spanish from the orig-
inal version following criteria previously published by
a Spanish group [24]. When the subject had completed
item 11, copying the overlapping pentagons, the CDT
was performed on verbal command following these in-
struction: “l want you to draw a clock with all the num-
bers on it. Make it large and draw the hands set at ten
after eleven.” The CDT was scored on a 0-10 scale
according to the criteria previously published by our
group [25]. Thus range of possible Mini-clock scores
is 0—40, with lower totals reflecting greater cognitive
impairment.

Statistical analyses

Analyses were performed in SPSS (version 18.0).
Gender and educational level of patients and healthy

cance of the relationship between the neuropsycholog-
ical test (MMSE, CDT and Mini-clock) and the diag-
nosis (patient vs. healthy control). The sensitivity and
specificity were established in order to use the potential
cut-off values and thereby facilitate discrimination be-
tween patients with mild AD and healthy controls; pa-
tients with MCI and healthy controls; and patients with
mild AD and the combination of patients with MCI and
healthy controls. In the ROC curve for each neuropsy-
chological test (MMSE, CDT and Mini-clock), the size
of the area under the ROC curve indicated the degree
of relationship between the scores and the diagnosis
of the participant. The closer to 1, the stronger the
relation was; the closer to 0.5, the weaker the relation
was. In discerning patient versus healthy control, the
desirable cut-off value should have high true-positive
and low false-positive rates. Test-retest reliability was
evaluated in 30 randomly selected patients with mild
AD and 30 randomly selected control subjects by re-

subjects were compared using chi-square tests. Age administering the Mini-clock 1 to 2 months after initial
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Table 2
Baseline characteristics of patients with mild Alzheimetisease (AD) patients, with mild cognitive impairment (I@nd
healthy controls
Characteristics Patients with Patients with Healthy pealu
mild AD MCI controls
(N = 66) (N=21) (N=66)
Gender (female) 46 (69.7%) 14 (66.7%) 37 (56.1%) 02252
Age 73.8 (74.5) 4.3 73.8 (75.0) 5.0 72.1 (71.0%:5.7 0.08%
Educational level
Can read and write 44 (66.7%) 8 (38.1%) 37 (56.1%) 226
Primary school 20 (30.3%) 12 (57.1%) 26 (39.4%)
Secondary school or higher 2 (3.0%) 1 (4.8%) 3 (4.5%)
Mini-Mental State Examination score 21.8 (22:0p.8 24.6 (24.0} 2.7 27.8 (28.0}: 1.8 < 0.000P
Clock drawing test 6.3(7.0x 1.9 7.2 (8.0 2.0 8.8(9.0t 1.2 < 0.000P
Mattis Dementia Rating Scale score 115.4 (11£®.6 123.6 (125.0)- 12.0 135.2(138.0 14.2 < 0.000F
Mini-clock score 28.1(28.0x 3.6 31.8(31.0}% 3.9 36.6 (37.0} 2.2 < 0.000P
Mean (median}t standard deviation and frequency (%) are reporte@hi-square test.PKruskal-Wallis test. °One-way
analysis of variance test.
10 The mean time to complete the test for all subjects
was 8 min and 50 s (range, 7 minand 10 sto 11 min and
20 s). Patients with mild AD took longer than control
i subjects, with a mean of 9 minutes and 49 s (range, 7
! min and 45 sto 11 min and 40 s). The control subjects
K took a mean of 7 min and 51 s (range, 6 min and 37 s
2 o 'l | to 9 min and 23 s).
2 H ——Mini-Mental State Examination
§ ; T ﬁ:gicclfolgLawing Test (command condition) Patients with mild AD versus healthy controls
3 ;
1 The areas under the ROC curve were 0.973 (confi-
E dence interval [CI}E 0.646-1) for the Mini-clock)f <
5 0.001), 0.952 (Cl= 0.639-1) for the MMSE i <
“: 0.001) and 0.881 (Ck 0.611-1) for the CDT# <
! 0.001) (Fig. 1). A cut-off of 23v24 for the MMSE
g (sensitivity 86.4%, specificity 95.5%), 6v7 forthe CDT

Y T T T T
40 60 80 100

100 - Specificity

20

o

Fig. 1. Receiver operating characteristic curves for pieith mild
Alzheimer’s disease versus controls.

administration. Interrater reliability was accomplished

by having 3 raters score the same testing session for

30 randomly selected patients with mild AD and 30
randomly selected control subjects.

RESULTS

We recruited 66 patients with mild AD, 21 with MClI,

(sensitivity 72.7%, specificity 97.0%), and 30v31 for
the Mini-clock (sensitivity 89.4%, specificity 95.4%)
best discriminated patients versus healthy controls (Ta-
ble 3).

Test-retest reliabilities for MMSE and CDT were
0.99 and 0.98, respectively. Test-retest reliability for
the Mini-clock was 0.99, meanwhile interrater reliabil-

ity was 0.87.
Patients with mild AD versus healthy controls or MCI

The areas under the ROC curve were 0.918Cl
0.645to 1) for the Mini-clocky < 0.001), 0.903 (95%
Cl =0.639t0 1) for the MMSE{ < 0.001) and 0.825
(95% CI=0.604to 1) forthe CDT¥ < 0.001) (Fig. 2).

and 66 healthy controls. There were no differences in A cut-off of 23v24 for the MMSE (sensitivity 86.4%,
mean age, education and gender between patients withspecificity 83.9%), 7v8 for the CDT (sensitivity 72.7%,

mild AD, MCI, and control subjects (Table 2). Mean
cognitive scores for patients with mild AD and control
subjects on all tests were significantly different (for
eachp < 0.001) (Table 2).

specificity 87.3%), and 31v32 for the Mini-clock (sen-
sitivity 89.4%, specificity 83.9%) best discriminated
patients with AD versus healthy controls or patients
with MCI (Table 4).
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Table 3
Statistical comparison of mini-mental state examinatiersus clock drawing test versus mini-clock for Alzheimelisease

versus healthy controls

Characteristics Mini-mental state Clock drawing test Mildck
examination alone alone
Suggested Cut-Off 23v24 6v7 30v31

Sensitivity

Specificity

Positive Predictive Value
Negative Predictive Value
Area under Curve

Clinical Utility (case-finding)
Clinical Utility (screening)

86.4% (75.7 to 93.6)
95.4% (87.3 t0 99.0)
95.0% (86.0 to 99.0)
87.5% (77.6 to 94.1)
0.952 (95% Cl = 0.639 to 1)
0.82 (excellent)
0.84 (excellent)

72.7% (60.4 to 83.0)

97.0% (89.5 to 99.6)
96.0% (86.99.5)
78.0% (63.86.4)

0.881 (95% Cl =D1611)

0.70 (g
0.76 (good)

89.4%4 to 95.6)
95.4%380 99.0)
92.4% (83.2t0 97.5)
92.4% (83,210 97.5)
0.973 (95% Cl = 0.646 to 1)
0.83 (excellent)
0.89 (excellent)

Clinical Utility (case-finding)= sensitivity x positive predictive value. Clinical Utilitiscreening)= specificity x positive

predictive value. Ck confidence interval.

Table 4
Statistical comparison of mini-mental state examinatiersus clock drawing test versus mini-clock for Alzheimelisease

versus controls and mild cognitive impairment

Characteristics Mini-mental state Clock drawing test Milick
examination alone alone
Suggested Cut-Off 23v24 7v8 31v32

Sensitivity

Specificity

Positive Predictive Value
Negative Predictive Value
Area under Curve

Clinical Utility (case-finding)
Clinical Utility (screening)

86.4% (75.7 t0 93.6)
83.9% (74.5t0 90.9)
43.8% (34,8 t0 53,1)
59.4% (40.6 to 76.3)
0.903 (95% Cl = 0.639 to 1)
0.38 (poor)
0.50 (average)

72.7% (60.4 to 83.0)
87.4% (78.5t0 93.5)
40.3% (30.49.7)
47.1% (28.84.9)
0.825 (95% CI =B160L)
0.29 (poor)
0.41 (poor)

89.4%4 to 95.6)
83.9%%7%0 90.9)
45.4% (36.6 t0 54.3)
69.6% (47.1t0 86.8)
0.918 (95% Cl = 0.645 to 1)
Q.4poor)
5® (average)

Clinical Utility (case-finding) = sensitivity x positive pdictive value. Clinical Utility (screening) = specificity positive

predictive value. Cl = confidence interval.

Patients with MCI versus healthy controls

The areas under the ROC curve were 0.855 (95% CI
= 0.487 to 1) for the Mini-clock < 0.001), 0.821
(95% Cl = 0.484 to 1) for the MMSE # < 0.001)
and 0.779 (95% Ck 0.473 to 1) for the CDTH <
0.001) (Fig. 3). This suggests that the Mini-Clock was
the optimal test, although the MMSE also performed
well in a screening capacity. A cut-off of 24v25 for
the MMSE (sensitivity 52.4%, specificity 95.4%), 8v9
for the CDT (sensitivity 76.2%, specificity 69.7%) and
35v36 for the Mini-clock (sensitivity 76.2% specifici-
ty 77.3% best discriminated patients with MCI versus
healthy controls (Table 5).

DISCUSSION

We compared the MMSE alone and the CDT alone
with the MMSE-CDT (Mini-clock) combination to de-
tect mild AD and MCI. In this study, the Mini-clock
was highly sensitive and specific in the detection of
mild AD. It was less accurate in the detection of MCI

100

80

60

——Mini-Mental State Examination
j + - -- Clock Drawing Test (command condition)
' ——Mini-clock

Sensitivity

40+

20

0= T T T T T
0 20 40 60 80

100 - Specificity

Fig. 2. Receiver operating characteristic curves for p&gievith mild
Alzheimer’s disease versus patients with cognitive impaint and
controls.

but nevertheless performed well in a screening capacity
to rule out those without MCI.
The MMSE has been found to have modest value
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Table 5
Statistical comparison of mini-mental state examinatiersus clock drawing test versus mini-clock for mild cogritimpairment

versus controls

Characteristics Mini-mental state examination alone KCiirawing test alone Mini-clock
Suggested Cut-Off 24v25 8v9 35v36
Sensitivity 52.4% (29.8 to 74.3) 76.2% (52.8 10 91.8) 76.348 to 91.8)
Specificity 95.4% (87.3t0 99.0) 69.7% (57.1 to 80.4) 77.3%360 86.7)

Positive Predictive Value
Negative Predictive Value
Area under Curve

Clinical Utility (case-finding)
Clinical Utility (screening)

81.3% (54.3 to 95.9)
88.7% (79.0 to 95.0)
0.821 (95% Cl = 0.484 to 1)
0.43 (poor)
0.85 (excellent)

85.7% (58.98.2)
87.7% (73.94.2)
0.779 (95% CI =31471)
0.65 (good)

0.61 (avge

57.1% (39.3t0 73.7)
98.1% (89.7 t0 99.9)
0.855 (95% CI = 0.487 to 1)
@.4poor)

0.76 (good)

Clinical Utility (case-finding)= sensitivity x positive predictive value. Clinical Utilitiscreening)= specificity x positive predictive

value. Cl= confidence interval.

100

80

60

—— Mini-Mental State Examination
- - - Clock Drawing Test (command condition)
— Mini-clock

Sensitivity

407

20

T T T T
0 20 40 60 80

100 - Specificity

100

Fig. 3. Receiver operating characteristic curves for p&ievith mild
cognitive impairment versus controls.

in specialist settings with a sensitivity of 77% and a
specificity of 90% in AD, according to a recent meta-
analysis [11] although studies in mild dementia were
lacking. We found somewhat better performance of
the MMSE here of 86% sensitivity and 95% specificity.
This may mean that the MMSE could indeed be con-
sidered for use in memory clinics to detect mild AD
if time were limited. Compared with the MMSE we
found that the CDT lacks sensitivity and negative pre-
dictive value. Thus the CDT alone would not be ide-
ally suited to use as an initial screening tool followed
by more definitive testing if necessary. From our data
the optimal test was the Mini-clock which had excel-
lent case-finding and excellent screening properties for
detection of AD versus controls. Furthermore it can
be employed simply and with minimal additional time.
For detection of MCI no test could be relied upon alone,

but the Mini-clock had high negative predictive value
and may be used as a first step in screening out those
without MCI. However in this group, more advanced
second stage testing is advised.

Brodaty and Moore (1997) were one of the first to
show that the CDT can be better than the MMSE in a
memory clinic [26]. Early studies demonstrated that
there is also a potential advantage when both tests are
applied concomitantly [27] in the detection of demen-
tia. Few have looked specifically at probable AD.
Schramm and collaborators (2002) studied 123 con-
secutive patients (79 dementia patients, 44 controls)
at a memory clinic, and the combination between the
two tests enhanced the accuracy [28]. They found that
combining the CDT with the MMSE, respectively, im-
proved sensitivity but specificity was not fully report-
ed [28]. Heinik et al. (2003) showed that the CDT
plus MMSE combined improved both sensitivity and
specificity compared with the CDT alone [14]. Further
this combination was better than the CAMCOG (the
cognitive and self-contained part of the Cambridge Ex-
amination for Mental Disorders of the Elderly) itself, a
much longer test [14]. Recently, Aprahamian and co-
workers (2010) found that the addition of the MMSE
to the CDT increased sensitivity and reduced specifici-
ty but with only a slight gain in overall accuracy [15].
Our results suggest that the combination of CDT and
MMSE improves sensitivity but with a modest loss of
specificity. Likewise it improves negative predictive
value but with a slight decrement in positive predictive
value. However, case-finding and screening functions
remain excellent.

Several questions remain however. A recent review
of nine CDT studies for MCI found poor utility of this
test in MCI [29]. We also acknowledge that we had
only modest sample size, especially for MCI. We rec-
ommend replication of our results in a larger sample.
We also cannot be certain how the Mini-clock would
perform in a primary care or community setting. Fi-
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nally we acknowledge we had no access to pathologi-
cal verification. However, we followed-up the patients
with probable mild AD for at least 5 years to ensure the
diagnosis of AD was correct.

In conclusion for interested in using simple tools for
screening or mild AD cases-finding, we recommend
that the CDT is combined with the well established
MMSE. This combination appears to improve case-

finding and screening accuracy without undue increase

in length over the MMSE alone.
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