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Abstract
Individuals with mild cognitive impairment (MCI) often make qualitative errors on the Clock Drawing Test
(CDT), and these errors are reported to be associated with lower scores on neuropsychological
assessments. However, the association of CDT errors with non-cognitive characteristics has not been
investigated in individuals with MCI to date. In this study, we explored this association in older adults with
MCI who made qualitative errors on the CDT. Outpatients at a memory clinic with a Clinical Dementia
Rating (CDR) of 0.5 (n = 193) were included. The CDT was evaluated using Cahn et al.’s method and noncognitive characteristics were compared between participants with and without CDT errors. The noncognitive characteristics compared included normal and maximum gait speeds, grip strength, muscle
mass, and severity of white matter lesions.
Participants with the CDT error type of conceptual deficit (CD; n = 58) had significantly slower normal and
maximum gait speeds, and multiple logistic regression analysis adjusted for age and sex revealed CD
was significantly associated with the slowest tertile of maximum gait speed. No other non-cognitive
characteristics were significantly associated with errors on the CDT.

Introduction
The Clock Drawing Test (CDT) has long been used as a screening test for dementia, and its validity has
been confirmed. Several scoring systems for the CDT have been proposed (1). Quantitative scoring uses
a numerical scale to assess the drawing, while qualitative scoring evaluates characteristic errors in
drawing the clock. Several error types are identified in the qualitative scoring systems (1).
People with typical cognition also often make errors on the CDT. We previously reported that individuals
with typical cognition and those with mild cognitive impairment (MCI) made CDT errors (3), evaluated
using Cahn et al.’s method (2), and that these errors were associated with lower scores on neurocognitive
assessments (3). We have also reported an association between the conceptual deficit (CD) error type on
the CDT in non-demented older adults and subsequent progression to dementia (4).It is currently not
known whether people with relatively preserved cognition, such as those with MCI, who make CDT errors
have common non-cognitive characteristics. This warrants investigation because we previously reported
that physical function and cognitive function were closely associated, and declined in parallel, (5). Also,
reduced gait speed is considered to be associated with cognitive impairment (6;7) and cognitive decline
(8). Grip strength is also reported to be associated with cognition (9). Moreover, although the association
between white matter lesions (WMLs) on magnetic resonance images (MRI) and cognitive decline is well
established (10), and these lesions are reported to be associated with lower CDT scores (11), it is not
known whether CDT errors are associated with WMLs.
In this study, we evaluated the non-cognitive characteristics of older adults with MCI who made errors on
the CDT and examined the association of these characteristics and the involvement of WMLs with the
type of CDT errors made.
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Methods
Participants
Among participants attending a memory clinic at a university hospital in Japan, those with a Clinical
Dementia Rating (CDR) score of 0.5 (12) were included. A CDR score of 0.5 has been used as a criterion
for diagnosing MCI (13). All participants were Japanese. The exclusion criteria were current serious
medical or psychiatric disorder, history of symptomatic cerebrovascular disease, and gait disturbance or
needing an assistive device to walk. The study protocol was approved by the Ethics Committee of the
Graduate School of Medicine, Nagoya University (2015-04356977). Written informed consent was
obtained from all participants. All methods were performed in accordance with the relevant guidelines
and regulations.
CDR
The CDR is widely used to determine the clinical stage of cognitive impairment (12;13). Ratings are
assigned based on information received from the subject and an accompanying informant on six
subscales (memory, orientation, home and hobbies, judgement and problem solving, community affairs,
and personal care). Each subscale is rated on a scale of 0–3 (0 = no impairment, 3 = need for maximal
assistance), with a global CDR range of 0–3 (0 = a normal healthy individual with no cognitive or
functional deficits; 0.5 = a normal healthy individual but with questionable cognitive and/or functional
abilities indicating MCI; 1 = mild dementia; 2 = moderate dementia; and 3 = severe dementia).
Participants in this study had global CDR scores of either 0 or 0.5.
Neuropsychological assessments
Three experienced clinical neuropsychologists administered the Mini Mental State Examination (MMSE)
(14) and the Alzheimer's Disease Assessment Scale (ADAS) for general cognitive function (15).
Clock Drawing Test
The neuropsychologists administered the CDT. Participants were given a blank piece of paper and
instructed to draw a clock face measuring 10 cm in diameter, write all the numbers on it, and then draw
hands indicating a time of 10 past 11. The neuropsychologists then independently scored the drawn
clocks using the method of Cahn et al. (2), whereby both quantitative and qualitative scores are assessed
independently. Quantitative scores were determined for three components—integrity of the clock face (0–
2 points), absence and sequencing of the numbers (0–4 points), and presence and sequencing of the
hands (0–4 points)—and qualitative scores were determined for the eight error types: 1) stimulus-bound
response (SB); 2) conceptual deficit (CD), where the error reflects a loss or deficit in accessing knowledge
about the attributes, features, and meaning of a clock; 3) perseveration (PR), where the activity continues
or recurs without an appropriate stimulus; 4) neglect of left hemi-space (NL), where the clock’s attributes
are written only on the right half of the clock face; 5) planning deficit (PD), where there are gaps before
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the numbers 12, 3, 6 or 9; 6) nonspecific spatial error (NS), where there is no specific pattern in the
disorganization of the spatial layout of numbers; 7) numbers written outside of the clock (OC), where the
numbers are written either on or around the perimeter; and 8) numbers written counterclockwise (CC),
where the numbers are arranged with 12 at the top and then continuing counterclockwise (2). Total CDT
score was calculated by subtracting the sum of qualitative scores from the sum of quantitative scores,
with a maximum score of 10. The higher the score, the better the performance on the CDT. Cronbach’
alpha for the three raters was 0.980.
Physical assessments
Grip strength in the participant's dominant hand was measured using a portable grip strength
dynamometer (GRIP-D; Takei, Niigata, Japan). Gait speed (m/s) was measured using a stopwatch.
Participants were instructed to walk 5 m on a flat, straight path twice at their preferred speed and twice at
maximum speed, with the average times calculated for each. Two markers were used to indicate the start
and end of the walking path. Participants walked a 1-m section in advance of the start marker to ensure
that they were walking at a comfortable pace by the time they reached it and the stopwatch was started.
Body composition analysis
The amounts of extracellular and intracellular water in the body were directly measured using electrical
current generated at three frequencies (5, 50, and 250 kHz) using a bioelectrical impedance data
acquisition system (Inbody 430; Biospace Co., Seoul, South Korea). The system determines appendicular
skeletal muscle mass from the segmental body composition and muscle mass. The skeletal muscle
mass index (SMI) was calculated by dividing participants’ muscle mass by their height in meters squared
(kg/m2).
Brain MRI
T2-weighted and axial FLAIR sequence images were obtained for all participants by head MRI using a
1.5-T MR scanner (either a Vantage system [Toshiba Medical Systems Corporation, Otawara, Japan] or
an Avanto system [Siemens, Munich, Germany]). The slice settings were as follows: 20 slices with 6.0mm thickness and an interslice gap of 7.2-7.5 mm obtained in parallel with the anterior commissureposterior commissure line, covering a maximum of 144-150 mm and ranging from the vertex to the lower
end of the pons. Eight-channel head coils were used for MR signal acquisition and transmission. The
parameters of the T2-weighted sequence were as follows: repetition time, 4000-4500 ms; echo time, 91105 ms; echo train, 13; and number of excitations, 1. The parameters of the FLAIR sequence were as
follows: repetition time, 8000 ms; echo time, 100 ms; and inversion time, 2500 ms.
Evaluation of WMLs
In this study, the severity of cerebral WMLs was evaluated using the Fazekas scale, the most widely used
method for visually assessing the severity of age-related WMLs. There are four stages of severity (grades
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0–3) (16). WMLs were divided into 2 groups: paraventricular hyperintensities (PVH) and deep white
matter hyperintensities (DWMH).
Statistical analysis
Continuous variables were compared using Student’s T test, and categorical variables were compared
using the chi-square test, between groups with or without each CDT error type. Multiple logistic regression
analysis adjusted for age and sex was performed to examine the association of CDT errors with the
lowest tertiles of normal and maximum gait speeds.

Results
The CDT error types of SB, CD, and PD occurred most frequently (24.5%, 29.6%, and 30.1%, respectively)
among the error types (PR, 3.1%; NS, 8.7%; OC, 6.1%; and CC, 1.5%; Fig. 1). None of the participants made
NL errors.
When the non-cognitive characteristics were compared between participants with and without each error
type, participants who made SB errors were significantly older and had lower general cognition
(determined by MMSE and ADAS-J cog) and slightly slower gait speeds (Table 1). The CD error type was
associated with fewer years of education and lower general cognition, and participants with this type of
error had significantly slower normal and maximum gait speeds, although the differences were relatively
small (Table 2). Female participants tended to make PD errors (Table 3). None of the error types were
associated with PVH or DWMH findings on MRI.
The results of a multiple logistic regression analysis adjusted for age and sex to investigate the
association of errors with the lowest tertile of normal and maximum gait speeds are shown in Table 4.
The CD error type was significantly associated with the lowest tertile of maximum gait speed (odds ratio
= 2.166 95% CI, 1.093-4.291).

Discussion
In this study we found that participants with MCI (CDR 0.5) who made the CD type of error on the CDT
had significantly slower gait speed than those participants who did not make the error. Grip and muscle
mass were not associated with errors on the CDT. WMLs were not associated with CDT errors.
The CD error refers to loss of knowledge about the features and meaning of a clock. Impairment of
semantic memory is considered to be associated with this type of error, and the impairment is thought to
be caused by dysfunction of the lateral temporal lobe (17). A study using single-photon emission
computed tomography suggested that CD may be associated with lower blood perfusion in certain brain
regions, including the posterior entorhinal cortex, posterior cingulate cortex, and parahippocampal cortex
(18). Our previous study suggested that making the CD error was associated with the risk of developing
dementia (4). In that study, CD was associated with impairment in several cognitive domain in both nonPage 5/12

demented older adults and those with Alzheimer’s Disease. In a review paper, Amodeo et al.
concluded that among the eight CDT error types, CD errors reflect cognitive decline over time most
effectively (19). Slow gait is an established risk factor for dementia (20), and the present finding that
participants who made CD errors had slower gait speed may be one of underlying mechanisms that CD
predicted cognitive decline in our previous study. Our previous study found that making CD errors was
associated with lower executive function scores in individuals with MCI (3). Executive dysfunction is also
reported to be associated with slow gait speed (21). Slow gait and executive dysfunction are also
associated with falls (22), and CD errors on the CDT were found to be associated with falls in older adults
(23).
Multiple logistic regression analysis revealed that only CD was significantly associated with the slowest
tertile of maximum gait speed in this study. This is in agreement with a previous study where maximum
gait speed showed better sensitivity than normal gait speed to discriminate lower cognitive status in
community-dwelling older adults (24) and another study where maximum gait speed, but not normal gait
speed, predicted cognitive decline (25). We also previously reported that maximum gait speed was
associated with wider range of neuropsychological assessments than normal gait speed was (6).
In this study we used CDR 0.5 to define MCI, however, previously we used Petersen’s criteria (26) to define
it (4). Both sets of criteria have been widely used for the diagnosis of MCI, and the population defined by
these sets of criteria is reported to overlap but is not exactly the same (27;28). Therefore, the association
between slower gait speed and MCI seen in our participants with CD error needs to be interpreted with
caution.
In a systematic review, Supasitthumrong et al. concluded that the severity of WMLs was associated with
lower CDT scores (29). However, to our knowledge, the present study is the first to have investigated this
association and we found no association between severity of WMLs and the most frequent CDT errors in
this study. We did not quantitatively measure WMLs in this study but used a semi-quantitative method.
More objective quantification to estimate the severity of WMLs may alter the findings and should be
investigated in future studies. Other limitations of our study are that we confined our evaluation to older
adults with MCI (CDR 0.5). To clarify changes in CDT performance over time, older adults with dementia
as well as those with typical cognition need to be included in further studies.
In conclusion, we found that older adults with MCI who made CD errors on the CDT had significantly
slower gait speed, especially slower maximum gait speed.
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Tables
Table 1 Comparison of participant characteristics with or without SB error on the Clock Drawing Test
SB (+)

SB (-)

number

48

148

age (yeas)

80.0±5.1

77.9±7.3

0.03

male (%)

50.00%

42.60%

0.23

educational years

12.3±2.9

12.6±2.8

0.28

ADAS-J cog

12.4±4.1

9.4±4.4

<0.01

MMSE

24.0±2.6

26.0±2.6

<0.01

GDS-15

4.2±3.0

4.0±3.0

0.36

BMI (Kg/m2)

22.2±3.0

22.6±3.4

0.24

7.4±0.9

7.3±0.7

0.65

5.6±0.6

6.4±1.2

0.31

Maximum gait speed (m/s)

1.40±0.35

1.46±0.35

0.16

Normal gait speed (m/s)

0.97±0.23

1.01±0.23

0.18

Grip

male

27.3±6.9

28.9±6.6

0.17

female

16.4±4.8

17.3±4.7

0.23

PVH (%) (N=146) (0/1/2/3)

70.0% (12/27/1/0)

67.0% (35/63/7/1)

0.65

DWMH (%) (N=146) (0/1/2/3)

55.5% (18/20/2/0)

49.1% (54/46/6/0)

0.77

SMI(Kg/m2)

male

female
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p value

ADAS: Alzheimer's Disease Assessment Scale; DWMH: deep white matter hyperintensities; MMSE: Mini
Mental State Examination; PVH: paraventricular hyperintensities; SB: stimulus-bound response
Table 2 Comparison of participant characteristics with or without CD error on the Clock Drawing Test
CD (+)

CD (-)

number

58

138

age (yeas)

79.1±6.8

78.1±6.9

0.17

male (%)

43.10%

44.90%

0.47

educational years

11.8±2.7

12.8±2.8

0.01

ADAS-J cog

11.5±5.1

9.5±4.2

0.01

MMSE

24.5±3.0

25.9±2.5

＜0.01

GDS-15

4.6±3.3

3.8±2.8

0.06

BMI (Kg/m2)

22.8±4.0

22.4±3.0

0.21

7.2±1.0

7.3±0.7

0.25

5.7±0.8

5.7±0.7

0.44

Maximum gait speed (m/s)

1.35±0.33

1.49±0.34

0.01

Normal gait speed (m/s)

0.96±0.22

1.02±0.23

0.04

Grip

male

27.7±7.1

28.7±6.5

0.26

female

17.0±4.5

17.1±4.9

0.45

PVH (%) (N=146) (0/1/2/3)

76.7% (10/28/4/1)

67.0% (35/63/7/1)

0.65

DWMH (%) (N=146) (0/1/2/3)

46.5% (23/18/2/0)

52.4% (49/48/6/0)

0.80

SMI(Kg/m2)

male

female

p value

ADAS: Alzheimer's Disease Assessment Scale; CD: conceptual deficit; DWMH: deep white matter
hyperintensities; MMSE: Mini Mental State Examination; PVH: paraventricular hyperintensities
Table 3 Comparison of participant characteristics with or without PD error on the Clock Drawing Test
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PD(+)

PD(-)

number

59

137

age (yeas)

77.4±6.6

78.8±7.0

0.10

male (%)

27.10%

51.80%

＜0.01

educational years

11.9±2.5

12.8±2.9

0.03

ADAS-J cog

9.8±4.6

10.2±4.5

0.29

MMSE

25.4±2.9

25.6±2.7

0.37

GDS-15

4.1±2.9

4.0±3.0

0.46

BMI (Kg/m2)

21.9±3.5

22.8±3.2

0.04

7.4±0.9

7.3±0.8

0.28

5.6±0.7

5.8±0.7

0.08

Maximum gait speed (m/s)

1.43±0.28

1.46±0.37

0.31

Normal gait speed (m/s)

1.03±0.21

0.99±0.24

0.10

Grip

male

29.9±7.2

28.1±6.5

0.17

female

16.3±4.8

17.6±4.7

0.08

PVH (%) (N=146) (0/1/2/3)

72.3% (13/30/3/1)

65.7%(34/60/5/0)

0.44

DWMH (%) (N=146) (0/1/2/3)

51.1%(23/21/3/0)

50.5% (49/45/5/0)

0.95

SMI(Kg/m2)

male

female

p value

ADAS: Alzheimer's Disease Assessment Scale; DWMH: deep white matter hyperintensities; MMSE: Mini
Mental State Examination; PD: planning deficit; PVH: paraventricular hyperintensities
Table 4 Association of errors with the slowest tertiles of normal and maximum gait speeds determined by
multiple logistic regression analysis adjusted for age and sex
normal gait speed

maximum gait speed

Odds ratio

95% CI

p value

Odds ratio

95% CI

p value

SB

1.568

0.768-3.202

0.217

0.987

0.471-2.068

0.973

CD

1.323

0.667-2.627

0.423

2.166

1.093-4.291

0.027

PD

0.901

0.427-1.897

0.783

0.691

0.323-1.479

0.342

adjusted with age and sex
SB: Stimulus-bound response; CD: Conceptual deficit; PD: Planning deficit; CI: confidential interval
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Figures

Figure 1
Frequencies of type of errors on the Clock Drawing Test SB: Stimulus-bound response; CD: conceptual
deficit; PR: perseveration; NL: neglect of left hemi-space; PD: planning deficit; NS: nonspecific spatial
error; OC: numbers written on outside of the clock; CC: numbers written counterclockwise
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