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ARTICLE

Mapping the clockworks: what does the
Clock Drawing Test assess in normal and
pathological aging?

Mapeando as engrenagens: o que o Teste do Desenho do Relégio avalia no
envelhecimento normal e patolégico?

Jonas Jardim de Paula™?, Débora Marques de Miranda?, Edgar Nunes de Moraes?,
Leandro Fernandes Malloy-Diniz"#*

ABSTRACT

The Clock Drawing Test (CDT) is a cognitive screening tool used in clinical and research settings. Despite its role on the assessment of
global cognitive functioning, the specific cognitive components required for test performance are still unclear. We aim to assess the role of
executive functioning, global cognitive status, visuospatial abilities, and semantic knowledge on Shulman’s CDT performance. Fifty-three
mild cognitive impairment, 60 Alzheimer’s dementia, and 57 normal elderly controls performed the CDT, the Frontal Assessment Battery,
the Mini-Mental State Examination, the Stick Design Test, and a naming test (TN-LIN). An ordinal regression assessed specific neuro-
psychological influences on CDT performance. All the cognitive variables were related to the CDT, accounting for 53% of variance. The stron-
gest association was between the CDT and executive functions, followed by global cognitive status, visuospatial processing, and semantic
knowledge. Our result confirms the multidimensional nature of the test and the major role of executive functions on performance.
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RESUMO

0 Teste do Desenho do Relégio (TDR) € um instrumento de rastreio cognitivo amplamente usado em contextos clinicos e de pesquisa. Em-
bora seu papel na avaliacao do funcionamento cognitivo global seja reconhecido, os componentes especificos necessarios a sua realizacao
nao sao claros. Objetivo: avaliar a influéncia das funcoes executivas, estado cognitivo global, processamento visioespacial e conhecimento
semantico no TDR. Realizaram o TDR, a Bateria de Avaliagao Frontal, o Mini-Exame do Estado Mental, a Construgao com Palitos, e um teste
de nomeacéo (TN-LIN) 53 pacientes com comprometimento cognitivo leve, 60 com Alzheimer e 57 idosos normais.. A influéncia de variaveis
neuropsicolégicas especificas no TDR foi avaliada através de regresséo ordinal. Todas as variaveis se relacionaram com o teste, respondendo
por aproximadamente 53% da variancia. A associacao mais forte foi entre o TDR e as funcoes executivas, seguidas pela cognicao geral,
processamento visioespacial e conhecimento semantico. Nossos resultados confirmam a natureza multidimensional da tarefa e o papel
das funcoes executivas em sua realizacao.

Palavras-chave: teste do desenho do relégio, funcoes executivas, habilidades visioespaciais, conhecimento semantico, deméncia.

Brief cognitive tests are widely used in neuropsychology
and related areas, in order to assess and diagnose develop-
mental, neurological, and psychiatric conditions. The Clock
Drawing Test (CDT) is also adopted as a screening tool for
cognitive impairment in several conditions such as dementia,
stroke, schizophrenia, mild cognitive impairment and mood
disorders". The CDT basically consists of the drawing of dif-
ferent elements of a clock, including the clock face, numbers,

and arrow-hands. The instructions and scoring methods vary
according to each version. Influences of aging and education
are also related to test performance, where children and the
elderly perform worse than adults and lower education asso-
ciates with worse performance®.

Different versions of the CDT were developed. Although
very similar and highly correlated®, they differ in diagnosis
accuracy’ and probably on the cognitive processes involved
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in test performance. Some versions'® require the patient to
freely draw the clock face, demanding more pronounced vi-
suoconstructional abilities, while other versions® offer a pre-
drawn circle for the clock face, focusing on the abilities to or-
ganize the clock elements on the empty space.

Different versions of the CDT are used in Brazil for the
neuropsychological assessment of elderly patients, inclu-
ding the one adopted in this research, which seems a validity
test for the distinction of patients with normal or impaired
cognitive status®. A study compared different versions of the
CDT in terms of criterion validity and did not find significant
differences between them’. In addition, it showed good evi-
dence of reliability, but reduced criterion-related validity for
this population®. Other studies'®", however, assessed CDT
validity for cognitive assessment among individuals with
heterogeneous educational backgrounds, including illitera-
cy, showing good results, but emphasizing the role of formal
education on test performance.

Despite these factors, the CDT usually shows significant
correlations with measures of visuospatial abilities', execu-
tive functions®, semantic processing”, or more global and
diffuse cognitive abilities®. In Brazil, it is primarily used for
the assessment of executive functions'. In this sense, since
the score is related to several cognitive abilities impaired
performance is less informative concerning which cognitive
domain is more affected. According to a review of different
scoring methods® the CDT shows good evidence of psycho-
metric properties, such as criterion validity and reliability.
However, concerning construct validity, the studies are he-
terogeneous, using different neuropsychological measures
as the gold standard for specific functions. Therefore, in this
study we aim to verify what type of cognitive processes (exe-
cutive functions, visuospatial processing, and semantics) is
more related to the performance in the CDT. Our hypothesis
is that the CDT is influenced by several cognitive domains,
most importantly executive functions.

METHODS

Participants

We assessed 170 older adults. The groups were composed
of patients diagnosed with mild cognitive impairment (MCIL,
N=53, 68% women), mild Alzheimer’s dementia (AD, N=60,
55% women) and normal controls matched by age, gender,
and education (NC, N=57, 67% women). The inclusion crite-
ria were age equal to or greater than 60 years, at least 1 year of
formal education, score on the Short Version of the Geriatric
Depression Scale' below the cutoff for depression, and lack of
current use of typical or atypical antipsychotic drugs. MCI diag-
nosis was performed based on Petersen’s criteria'® and AD on
the National Institute of Neurological and Communicative
Disorders and Stroke (NINCDS) and the Alzheimer’s Disease

Arg Neuropsiquiatr 2013;71(10):763-768

and Related Disorders Association (ADRDA) criteria. All
participants underwent a clinical and neuropsychological
assessment at the Instituto Jenny Faria de Atencéo a Satde
do Idoso, a secondary/tertiary heath unit of the city of Belo
Horizonte for elderly people. Diagnoses were performed in
consensus by at least one geriatrician and one clinical neu-
ropsychologist. The control group underwent neuropsycho-
logical assessment for the exclusion of cognitive impairment
and answered a semi-structured interview for the exclusion
of psychiatric, neurologic, or other disorders. All participants
and their caregivers signed the written consent for partici-
pation. The study was approved by the Ethical Board of the
Universidade Federal de Minas Gerais (COEP 334/06).

Neuropsychological assessment

For the present study Shulmans version of the CDT®
was chosen. This is one of the most sensitive versions for
cognitive impairment and dementia’. On this CDT version
the scoring system ranges from 0 (worst) to 5 (best). Based
on previous CDT studies, we aim at the assessment of glo-
bal cognitive functioning, executive functions, visuospatial
abilities, and semantic knowledge on CDT performance,
choosing four neuropsychological tests to represent these
abilities.

Global cognitive functioning

The Brazilian version of the Mini-Mental State Exami-
nation (MMSE)" was chosen as a global measure of cogni-
tive functioning. The test consists of a brief assessment of
temporal and spatial orientation, short-term memory, atten-
tion/calculation, language, motor, and constructional praxis.
Scores range from 0 (worst) to 30 (best).

Executive functions

This complex and multidimensional cognitive domain was
assessed by the Brazilian version of the Frontal Assessment
Battery (FAB)", a bedside short screening battery for the as-
sessment of frontal/executive functions. The battery has six
subtests that have been developed for mapping specific com-
ponents of executive functions. Scores range from 0 (worst)
to 18 (best).

Visuospatial abilities

We chose a non-timed assembly model task for assessing
this cognitive domain. The Stick Design Test (SDT)* was de-
veloped for the constructional praxis examination in elderly
individuals with little formal education, and has shown solid
evidence of validity for the Brazilian population®. The scores
range from 0 (worst) to 12 (best).

Semantic knowledge
A naming test was chosen for the semantic assess-
ment. Since cultural differences strongly influence naming



abilities, a Brazilian Test with regionalized stimuli was cho-
sen: the Teste de Nomeagéo do Laboratério de Investigacdes
Neuropsicoldgicas/Naming Test of the Laboratory of Neu-
ropsychological Investigations (TN-LIN)*

Statistical procedures

Histogram analysis suggests non-normal distribution for
most of the neuropsychological tests. In this sense, compari-
sons considering sociodemographic variables and neuropsy-
chological assessment were performed by the Kruskal-Wallis
test. Mann-Whitney tests (Bonferroni corrected) were used
for specific group comparisons. An exploratory analysis of
the association of the CDT with other cognitive measures
was carried out by the Spearman rank-order correlation.
After this preliminary procedure, the association between
the different cognitive measures and CDT performance was
investigated by ordinal regression models. Six models were
tested. The first contains the CDT as dependent variable, and
age and education as predictors. Models 2, 3, 4, and 5 con-
tain the previous variables and each of the four neuropsycho-
logical tests independently. The final model (6) contains age,
education, and all the neuropsychological measures together
as predictors. We aim at the analysis of specific contributions
of each predictor (Wald statistic) and the effect size of the
model (Negelkerke R® statistic).

RESULTS

The participants did not differ in terms of age, formal
education, depressive symptoms, and proportion of men and
women among groups (all p>0.05). On the neuropsychologi-
cal assessment, differences were found in all cognitive mea-
sures, with NC, MCL and AD patients performing progressively
worse on the cognitive tests except for the SDT (Table 1).

The correlational coefficients between CDT scores and
the other neuropsychological measures were all signifi-
cant at p<0.001. The strongest correlation was found for the

executive functions (0.628), followed by general cognitive
functioning (0.595), semantic knowledge (0.574), and, lastly,
visuospatial abilities (0.518).

All proposed regression models were significant (p<0.001).
Alone, the sociodemographic predictors account for 16% of
the explained variance, while the models containing these
predictors and one neuropsychological measure explain
from 29% to 42% of the variance. When all the cognitive mea-
sures are taken together, the model reaches the largest effect
size, with 53% of explained variance. In the last model, the
executive functions, assessed by the FAB, were the best pre-
dictor (Wald x*=13.79, p<0.001) (Table 2).

DISCUSSION

Our result suggests that different cognitive domains are
related to CDT performance. The study uses different and
well validated measures for each cognitive domain and they
were all related to CDT performance. Together, the influence
of the cognitive predictors was large, accounting for 53% of
CDT variance.

The cognitive domain most related to CDT performance
in the present study was the executive functioning, measured
by the FAB total score. This cognitive construct has been re-
lated to CDT performance before, integrating a general fac-
tor of executive function in a participant’s sample similar to
the one found in our study®. The prefrontal cortex is related
to CDT performance, especially to the time required for the
drawing, possibly due to more efficient planning®. Functional
magnetic resonance imaging studies also suggest bilateral
frontal lobe activation during the CDT, although other re-
gions are also involved®. Studies with patients with focal le-
sions, circumscribed to the frontal lobes, have reported CDT
impairment'. Freedman et al.' argue that a different pattern
of CDT impairment may be seen in right frontal hemisphere
lesions (characterized by mild spatial deficits, misorienta-
tion of arrow-hands, and number inversion) when compared

Table 1. Participants’description and group comparisons of sociodemographic characteristics and neuropsychological tests.

. _ NC (1) MCI (2) AD (3) .
ST e s N=57,F=38 N=53, F=36 N=60, F=33 Group comparisons
cognitive variables . . .

MED  SEM  MED  SEM  MED  SEM KW p-value Posthoc*
Age 74 1.02 75 1.20 76 079 318 0196 -
Education 0.56 4 0.53 5 028 404 0076 -
GDS-15 (Max=15) 018 0.22 017 079 0636 -
CDT (Max=5) 014 3 0.23 2 020 5402  <0.001 123
MMSE (Max=30) 28 0.34 25 0.47 20 052 8517  <0.001 15253
FAB (Max=18) 16 0.34 12 0.38 9 040 7404 <0001  1>253
SDT (Max=12) 12 0.04 12 0.25 10 031 3717 <0001  1=2>3
TN-LIN (Max=65) 63 0.46 61 0.52 54 110 4813 <0.001 123

NC:normal controls; MCl: mild cognitive impairment; AD: Alzheimer’s dementia; MED: Median; SEM: Standard Error of the Mean; GDS-15: Geriatric Depression
Scale 15; CDT: Clock Drawing Test; MMSE: Mini-Mental State Examination; FAB: Frontal Assessment Battery; SDT: Stick Design Test; TN-LIN: Teste de
Nomeagao do Laboratério de Investigagdes Neuropsicolégicas (Neuropsychological Investigations Laboratory Naming Test); KW: Kruskal-Wallis Test.
*Performed by group—group Mann-Whitney tests with Bonferroni correction.
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Table 2. Ordinal regression models assessing the influence of age, education, executive functioning, general cognitive status,
visuospatial abilities and semantic knowledge on Clock Drawing Test performance.

Model %2 R? Predictors B Wald p-value
1 29.00 0.16 Age -0.51 7.29 0.007
(p<0.001) Education 0.16 14.77 <0.001

2 85.70 0.41 Age -0.03 1.95 0162
(p<0.001) Education 0.09 4.33 0.037

FAB 0.33 48.68 <0.001

3 88.10 0.42 Age -0.04 5.16 0.023
(p<0.001) Education 0.10 5.31 0.021

MMSE 0.27 50.54 <0.001

4 56.81 0.29 Age -0.06 9.58 0.002
(p<0.001) Education 013 9.57 0.002

SDT 0.43 22.51 <0.001

5 65.12 0.33 Age -0.03 314 0.076
(p<0.001) Education 0.10 5.51 0.019

TN-LIN 0.16 29.48 <0.001

6 120.73 0.58 Age -0.03 2.73 0.098
(p<0.001) Education -0.04 0.96 0.328

FAB 0.20 138.79 <0.001

MMSE 012 7.99 0.005

SDT 0.24 7.41 0.010

TN-LIN 0.08 7.40 0.006

MMSE: Mini-Mental State Exam; FAB: Frontal Assessment Battery; SDT: Stick Design Test; TN-LIN: Teste de Nomeacao do Laboratério de Investigacoes
Neuropsicologicas (Neuropsychological Investigations Laboratory Naming Test).
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with left frontal lobe lesions (difficulty in understanding the
test instructions, plotting an inverse number pattern, and
perseverations), although, as shown by another study®, this
pattern may not be precisely clear. CDT performance may
demand planning skills (for overall task goals), abstract rea-
soning ( for number-space-arrow-hand comprehension), in-
hibitory control (for correctly sequencing the numbers and
arrow-hand placing), and cognitive-shifting for adopting new
strategies. All these specific cognitive processes are involved
in executive functioning, the best single predictor of CDT
performance according to our results.

Global cognitive impairment was the second predictor
of CDT performance in our study and may be related to the
integration of different cognitive domains necessary for task
performance. As reported by previous studies"®*” the CDT is
a powerful screening test for cognitive impairment, with evi-
dence of sensitivity, specificity, and significant correlations
with global cognitive measures, such as the MMSE. The mul-
tiple cognitive domains involved in test performance and
the necessary integration of these independent aspects for
accurate drawing may justify its role in cognitive screening,
As a more general cognitive measure, the CDT can be used
for detection of cognitive impairment®®, staging of cognitive
impairment**?, differential diagnosis®®, and for predicting
subsequent cognitive decline®”. In more discrete conditions,
however, the results are inconsistent. Our results suggest
worse performance of MCI patients than NC, but a review of
similar studies found negative results*. The second predic-
tor of CDT performance in our study may be related to the
integration of different cognitive domains necessary for task
performance.
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The third significant predictor of CDT performance was
semantic knowledge, assessed by a naming task. A previous
study’ deconstructing the CDT into different components
found moderate associations with tasks related to semantic
processing, such as naming and category fluency. Drawing
involves the search and recall of semantic representations
of the clock itself, such as number disposition, hand-arrow
meaning, and the spatial logics of its organization. In this
sense, the degraded semantic knowledge, assessed by naming
tests, may impair CDT performance. Other authors®, wor-
king with AD and frontotemporal dementia patients (inclu-
ding semantic dementia), found quantitative and qualitative
impairments in CDT performance that may, at least partial-
ly, be related to semantic deficits. Functional neuroimaging
studies with AD patients identified posterior left temporal
lobe (areas related to language and semantic processing)
blood flow to be a predictor of CDT performance®®,

Finally, visuospatial abilities were related to CDT perfor-
mance in our sample. Posterior brain regions are essential for
drawing tasks, which involve the perception/semantic recall
of an image, planning, and the subsequent motor program-
ming for task execution. CDT usually presents moderate cor-
relations with other measures of visuospatial processing,
such as block assembly and figure drawing'**. Patients with
vascular lesions, especially those on the posterior right he-
misphere"*
A large study of patients with focal brain injury suggests
that CDT scores are associated with the right parietal cor-
tex and the left inferior frontal-parietal opercular cortices®.
Visuospatial abilities may contribute to different aspects of
CDT performance, from visual perception of the ongoing

, usually show expressive impairment in the CDT.



copy to spatial planning and visual working memory. Even
basic aspects of spatial reasoning, such as magnitude percep-
tion, may be related to CDT performance. Only a small frac-
tion of the explained variance of CDT performance was ex-
plained by the adopted measure of visuospatial abilities. This
may be secondary to the relative small variance of the SDT
measure (the only significant differences were between non-
demented and AD participants). Future studies should in-
vestigate the contributions of this cognitive domain to CDT
performance on a more heterogeneous sample in order to
maximize test variance.

Certainly, different versions of the CDT may present dif-
ferent cognitive demands. The selected version uses a pre-
drawn circle where the patients must organize the clock,
which may reduce the visuospatial demands for test perfor-
mance, focusing on more executive components as planning
and online monitoring. The procedures adopted here could
be used in future research, examining different CDT versions
and comparing the cognitive demands of each one. These
studies may guide neuropsychologists and other clinicians in
the choice of which CDT version may be more accurate for
different hypotheses about cognitive functioning,

The influence of formal education on test performance
must also be addressed in this discussion. Although educa-
tion entered as a covariate on the ordinal linear regression
models, the low variance between the groups (not signifi-
cant) may reduce its influence on test performance. Although
some studies reported good criterion validity for the CDT
among poorly educated older adults®*", these findings are
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