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Abstract

Background—Performance on figure copy tests has been shown to predict progressive cognitive
decline in Parkinson’s disease (PD). Historically, the interlocking pentagons from the Mini Mental
State Exam (MMSE) have been the figure copy test most commonly used during cognitive
screening evaluations. However, the wire cube from the Montreal Cognitive Assessment (MoCA)
is increasingly being used.

Objective—To evaluate which of these figure copy tests is more sensitive for cognitive
impairment in PD.

Methods—Sixty-three PD patients from UK and USA completed the MMSE and MoCA.
Logistic regression and sensitivity/specificity analyses were used to evaluate the utility of each
figure copy test for detecting global cognitive impairment.

Results—The wire cube was a significant indicator of cognitive impairment (OR = 4.79, 95% CI
=1.63-14.07, p=0.004), with a sensitivity/specificity of 0.74/0.63 in our sample. In contrast,
interlocking pentagons were not a significant indicator of cognitive impairment (OR = 1.88, 95%
Cl =0.54-6.50, p=0.32), with a sensitivity/specificity of 0.26/0.84.

Conclusion—The wire cube is more sensitive to cognitive impairment in PD, most likely related
to its greater complexity. The results have implications for clinicians who may have time for just
one figure copying task as part of a brief screen for cognitive impairment in busy clinics and for
researchers applying the PD mild cognitive impairment diagnostic criteria necessitating two tests
of visuospatial function to be administered.
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1. Introduction

Decline in visuospatial abilities is a hallmark feature of cognitive impairment in PD [1] and
longitudinal studies have shown that Parkinson’s disease (PD) patients who cannot
accurately copy the interlocking pentagons are at an increased risk for incipient dementia
[2,3]. As such, figure copy tasks are an important component of cognitive screens in PD.

The interlocking pentagons have been the most frequently used figure copy task as it is part
of the Mini Mental State Exam (MMSE) [4,5] and the Addenbrooke’s Cognitive
Examination (ACE) [6]. However, clinical use of the interlocking pentagons task is declining
due to MMSE copyright enforcement [7-9], publication of a new version of ACE (ACE-III)
with all MMSE items replaced [10], and also because of mounting evidence that the
Montreal Cognitive Assessment Scale (MoCA) [11], which uses the wire cube, is a sensitive
screen for cognitive impairment in PD [12-17]. As such, the wire cube may increasingly
supplant the interlocking pentagons in cognitive screens.

The purpose of this study is to determine whether this transition is valid by comparing the
sensitivity of these two figure copy tests to global cognitive impairment in PD. The results
have implications for test selection — both for clinicians who may have time for just one
figure copying task as part of a brief screen for cognitive impairment in busy clinics, and
also for researchers applying the new PD-MCI criteria that requires two tests from the
visuospatial domain to be administered [18].

2. Methods

Forty-nine PD patients were recruited from Leeds Teaching Hospitals NHS Trust (LTHT),
UK, and fourteen from the University of California — San Francisco (UCSF) Memory and
Aging Center, USA. Subjects completed the MMSE and MoCA consecutively during the
same session whilst on. The order of assessments was randomly allocated and the scores of
the orientation tasks in the first assessment were used to auto-complete the corresponding
section in the second assessment. The study was approved by LTHT and UCSF ethics
committees on human research and written consent was obtained from all subjects.

Patients were identified with normal cognition, PD-NC (7= 32), mild cognitive impairment,
PD-MCI (n= 23), and dementia, PD-D (7= 8) using the previously validated MoCA ranges
of 226, 21-25, and <21, respectively [12,13]. To avoid circular reasoning when predicting
MoCA-defined global cognitive impairment using the MoCA cube item, total MoCA score
was out of a maximum of 29 with the cube score excluded. We subtracted rather than added
the cube point in order to increase sensitivity to cognitive impairment when classifying
subjects. Compared to classifications based on MoCA scores out of 30, four additional
cognitively intact subjects were classified as PD-MCI and no additional PD-MCI subjects
were classified as PD-D.

Demographic and clinical variables were compared between the patients at different levels
of cognitive impairment using one-way ANOVA with Games-Howell post hoc analysis for
continuous variables, Chi-square for gender and Kruskal-Wallis test for Hoehn and Yahr
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(HY) stage. Using logistic regression and sensitivity/specificity calculations, we determined
how well the cube and pentagon scores distinguished PD-NC from cognitively impaired PD
(i.e. PD-MCI and PD-D combined), and PD-NC from PD-MCI.

3. Results

The groups did not differ in terms of gender, age, years of education, duration of disease,
levodopa equivalent daily dose or HY stage (all p=0.1) (Table 1). The wire cube was copied
incorrectly by 66% of PD patients and the pentagons were copied incorrectly by 21% (;(2 =
5.60, p=0.018). Regarding the individual cognitive groups, the cube copy was impaired in
39% PD-NC, 63% PD-MCI and 100% PD-D (y“ = 10.43, p= 0.005). The pentagon copy
was impaired in 16% PD-NC, 13% PD-MCI and 63% PD-D (;(2 =9.92, p=0.007) (Fig. 1).

Wire cube failure significantly predicted cognitive impairment (OR = 4.79, 95% CI = 1.63-
14.07, p=0.004), with a sensitivity of 0.74 and a specificity of 0.63. Even when the
cognitively impaired group was restricted to those with PD-MCI but not PD-D, cube copy
remained a significant predictor (OR = 3.13, 95% CI = 1.02-9.55, p=0.046), with a
sensitivity of 0.65. In contrast, incorrect copying of the interlocking pentagons was not a
significant predictor of cognitive impairment (OR = 1.88, 95% CI = 0.54-6.50, p=0.32),
with a sensitivity of 0.26 and a specificity of 0.84. When the cognitively impaired group was
limited to those with PD-MCI, the sensitivity of the interlocking pentagons dropped to 0.13.

4. Discussion

Visuospatial dysfunction is an early feature of PD-MCI [1], predicts a more aggressive rate
of cognitive decline [2,3,19] and is severely affected in PD-D [1,20,21]. Historically, the
most frequently used figure-copy test of visuospatial function has been interlocking
pentagons incorporated into the MMSE and the ACE. However, use of the wire cube is
increasing, in part because the MoCA is a recommended test of global cognition in PD [18].

The reason why one test of visuospatial function — copying a wire cube — predicted cognitive
impairment but another — copying interlocking pentagons — did not may be explained by the
relative complexity of the wire cube, evidenced by studies that have found a ceiling effect of
interlocking pentagon scores when testing cognition in PD [22]. The wire cube is more
complex because it is a 2D drawing of a 3D object. To perceive the 12 separate lines of the
drawing as a 3D cube requires visual suppression and there is evidence that PD subjects lack
the attentive resource [23] and perceptual flexibility [24] needed. Attention and visual
perception difficulties in PD worsen with increasing cognitive dysfunction [25], mediated
primarily by acetylcholine deficiency secondary to Lewy-body related infiltration of major
brainstem nuclei [26]. This may explain the progressive difficulty of cube copying across the
cognitive groups in this study and links with larger studies in PD subjects that have found
significant correlations between cube copying and poor performance in a range of cognitive
domains in addition to visuospatial function, including attention and memory [27].

Three limitations of this study are acknowledged. Firstly, using MoCA cut off scores to
define MCI and dementia rather than considering functional dependence or performing
detailed neuropsychological evaluations [18]. However, the MCI [14,15] and dementia [15]
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t off scores have been validated previously and we did not include the cube item for

classification. Secondly, our sample size is relatively small because assessments are from
recruits to a trial of medical equipment and results may need to be confirmed in a larger
sample. Thirdly, this is a cross-sectional rather than longitudinal study.

Despite limitations, this study suggests that copying a wire cube is a more sensitive detector

of

cognitive impairment in PD than copying interlocking pentagons; a finding that has a

clear, practical use for clinicians when working under time limitations such as outpatient
clinics.
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The percentage of patients according to global cognitive status who incorrectly copied each

figure.
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