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Background: There is a clear need for brief, sensitive and specific cognitive screening

instruments in Parkinson�s disease (PD). Objectives: To study Addenbrooke�s Cog-

nitive Examination (ACE) validity for cognitive assessment of PD patient�s using the

Mattis Dementia Rating Scale (MDRS) as reference method. A specific scale for

cognitive evaluation in PD, in this instance the Scales for Outcomes of Parkinson�s
disease – Cognition (SCOPA-COG), as well as a general use scale the Mini-mental

state examination (MMSE) were also studied for further correlation. Methods: Forty-

four PD patients were studied, of these 27 were males (61%), with a mean (SD) age of

69.5 (11.8) years, mean (SD) disease duration of 7.6 (6.4) years (range 1–25), mean

(SD) total Unified Parkinson�s Disease Rating Scale (UPDRS) score 37 (24) points,

UPDRS III 16.5 (11.3) points. MDRS, ACE and SCOPA-COG scales were admin-

istered in random order. All patients remained in on-state during the study.

Results: Addenbrooke�s Cognitive Examination correlated with SCOPA-COG

(r = 0.93, P < 0.0001), and MDRS (r = 0.91 P < 0.0001) and also with MMSE

(r = 0.84, P < 0.001). Area under the receiver-operating curve, taking MDRS as the

reference test, was 0.97 [95% confidence interval (CI): 0.92–1.00] for ACE, 0.92 (95%

CI: 0.83–1.00) for SCOPA-COG and 0.91 (95% CI: 0.83–1.00) for MMSE. Best cut-

off value for ACE was 83 points [Sensitivity (Se) = 92%; Specificity (Sp) = 91%;

Kappa concordance (K) = 0.79], 20 points for the SCOPA-COG (Se = 92%;

Sp = 87%; K = 0.74) and 26 points for MMSE (Se = 61%; Sp = 100%;

K = 0.69). Conclusion: Addenbrooke�s Cognitive Examination appears to be a valid

tool for dementia evaluation in PD, with a cut-off point which should probably be set

at 83 points, displaying good correlation with both the scale specifically designed for

cognitive deficits in PD namely SCOPA-COG, as well as with less specific tests such as

MMSE.

Introduction

According to a consensus recently published by the

Movement Disorders Dementia Task Force [1], the

diagnosis of dementia in Parkinson�s disease (PD) should

rely first on presence of PD fulfilling United Kingdom

Parkinson�s Disease Brain Bank criteria. PD should have

developed prior to the onset of dementia, and decreased

global cognitive efficiency, measured by theMMSE with

a proposed cut off score <25 points, should be present.

Finally, cognitive deficiency should be severe enough to

impair daily life, and more than one cognitive domain

(memory, attention, visuoconstructive ability and

executive function) should be affected. The prevalence of

dementia in PDhas been estimated to range from 20% to

40% [2–5]. This wide variability may depend on several

factors, including the assessment method, with higher

prevalence reported in studies using comprehensive

neuropsychological instruments compared with those

screening global cognitive function [6]; the number of

patients with early versus late onset of Parkinson�s
symptoms, with prevalence of dementia higher in

patients with late onset illness [7]; the definition of

dementia applied, whether dementia was diagnosed

based on standardized versus ad hoc criteria [8] and

motor impairment severity, with prevalence of dementia

reported to increase as disease progresses [0% in Hoehn

& Yahr (H&Y) stage I, 6% in stage II, 16% in stage III,

35% in stage IV and 57% in stage V; 9].

Cognitive skill evaluation in PD is not simple, and

the need for brief, sensitive and specific cognitive

screening instruments clearly exists. The best test for

assessment of global cognitive efficiency appears to be

the Mattis Dementia Rating Scale (MDRS), which

evaluates several aspects of mental functioning, such as

attention, perseveration, conceptualization and

memory [10,11]. The scale has been validated for use in
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idiopathic as well as secondary PD [10]. Nonetheless,

MDRS is not simple to administer because of its length

and the need for special materials [10,12].

The Mini-mental state examination (MMSE) has

been proposed as a first line assessment tool for global

cognitive efficiency in PD because of its simplicity and

wide use in dementia [1,13]. Early cognitive alterations

in PD such as executive dysfunction however, are fre-

quently missed by MMSE, limiting its usefulness [14].

Recently, the Scales for Outcomes of Parkinson�s dis-

ease – Cognition (SCOPA-COG) have been developed,

they represent a short and practical instrument, sensi-

tive only to specific cognitive deficits in PD [15,16]. This

tool has received only partial validation, thus also

reducing its applicability [15,16]. Finally, Adden-

brooke�s Cognitive Examination (ACE) was developed

to provide a brief test sensitive in early stage dementia,

and capable of differentiating between dementia sub-

types including Alzheimer�s disease, frontotemporal

dementia, progressive supranuclear palsy and other

parkinsonian syndromes [17–22]. ACE includes the

MMSE, but extending it to encompass important areas

not covered by it, such as frontal-executive function

and visuospatial skills. The ACE has comparable sen-

sitivity to the Dementia Rating Scale [19], a well-

established dementia screening tool, widely used in re-

search, but, not in clinical practice because of its length

and difficult administration. ACE use in PD has not

been evaluated, reason for which we set up this protocol

to study ACE validity in initial assessment of global

cognitive efficiency taking MDRS as reference method.

For further correlations SCOPA-COG and MMSE

were also studied as part of the protocol.

Methods

Study sample

Forty-four consecutive PD outpatients from our ter-

tiary movement disorders clinic were included in this

study. Only idiopathic PD patients according to United

Kingdom PD Brain Bank Society criteria [23] were in-

cluded. Following the recommendations of the move-

ment disorders task force for diagnosis of dementia,

major depression, delirium and other abnormalities that

could obscure the diagnosis of dementia were also ruled

out [1]. To exclude severe depression diagnostic and

statistical manual of mental disorders-IV (DSM-IV), as

well as the Montgomery-Asberg Depression Rating

Scales [24] were used. Dopamine dysregulation syn-

drome [25], cognitive decline secondary to systemic or

degenerative disease as well as history of drug abuse

were also explored. The protocol was approved by the

Institutional Review Board. All patients signed

informed consent prior to entry. Sample size calcula-

tions were conducted to considered statistical power

levels. A minimum of 40 subjects were deemed neces-

sary to detect a moderate relationship (r ‡ 0.5), with

powe r = 0.8 and allowing for multiple correlation.

Patient evaluation

Patients were evaluated initially using Unified Parkin-

son�s Disease Rating Scale (UPDRS) [26] and H&Y

[27]. Medical and drug history were obtained from the

clinical chart. Mood state was evaluated using the

Montgomery-Asberg Depression Rating Scale [24].

Cognitive function was then studied in patients meeting

study criteria. Other causes of PD or dementia were

ruled out after careful analysis of brain MRI images.

Cognitive evaluation

Cognitive function was evaluated through application

of the following battery of tests: ACE, MDRS, SCO-

PA-COG and MMSE, conducted in random order with

patients in on-state. When exhaustion or off-periods

were detected, patients were allowed to take a break

and/or medication.

Tests

Mattis Dementia Rating Scale validated for dementia

evaluation in PD was applied to study cognitive func-

tion in five sub-domains: attention, initiation/persever-

ation, construction, conceptualization and short-term

visual and verbal memory [10,16]. Although results may

vary across cultures it has been suggested that normal

cut-off values adjusted for education level could range

from: >119 points if patient education level corre-

sponded to <8 years, >126 points if education had

lasted 8–13 years and >132 points if longer [10] Max-

imum possible score is 144.

Addenbrooke�s Cognitive Examination evaluated six

cognitive domains totalling 100 points: orientation (10

points), attention (8 points), memory (35 points), verbal

fluency (14 points), language (28 points) and visuo-

spatial abilities (5 points) [28,29]. Scores £86 points

were considered indicative of cognitive impairment

[28,29]. Average time needed to complete the ACE test

is approximately 16–20 min in different studies, no

special material nor expertise are required. Maximum

possible score is 100.

Mini-mental state examination considered an ex-

tremely short evaluation totaling 30 points. Scores £25
were interpreted as indicative of cognitive impairment

and dementia in agreement with Movement Disorders

Dementia Task Force clinical criteria [1].
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Scales for Outcomes of Parkinson�s disease – Cog-

nition is specifically designed for cognitive evaluation in

PD [16]. Scores £20 points were considered indicative of

cognitive impairment [30]. Maximum possible score is

43.

Statistical analysis

Scale scores were correlated by nonparametric Spear-

man�s Rho coefficient. Scale-by-scale correlation coef-

ficient comparison was carried out using the Fisher�s
exact test. Receiver-operating curve (ROC) were then

employed for ACE, SCOPA-COG and MMSE diag-

nostic performance evaluation, with MDRS used as the

reference test [31]. Finally, sensitivity (Se), specificity

(Sp) and kappa concordance values (K) were calculated

for several cut-off values aside from those described

above. The cut-off points with the highest Se, Sp and K

values were selected as best cut-off point value for

dementia diagnosis in each of the scales evaluated. Alfa

was set at 0.05.

Results

Demographics

Forty-four patients, 27 of whom were males (61%),

were evaluated. Mean (SD) age was 69.5 (11.8) years,

and mean (SD) disease duration 7.6 (6.4) years. Mean

(SD) total UPDRS score was 37 (24) points, and UP-

DRS III 16.5 (11.3) points. Mean H&Y was 2.6, range

1–5, with the following distribution, H&Y: I 11.3% (5),

H&Y II: 36.3% (16), H&Y III: 40.9% (18), H&Y IV:

9% (4) and H&Y V: 4.5% (2). Mean (SD) MDRS was

12.5 (6.6). Four extra subjects were approached but

either did not consent or presented exclusion criteria

precluding participation.

Forty patients (91%) were treated with L-Dopa

and/or dopamine agonists (DA), three of whom

received only DA, 19 only levodopa and 18 a

combination of both (7%, 48% and 45% of treated

patients respectively). Seven levodopa treated patients

were on amantadine, and two on monoamine oxidase-

B (MAO-B) inhibitors. All L-Dopa naı̈ve patients

were on MAO-B inhibitors. None of the patients were

receiving anticholinergic drugs.

Cognitive evaluation

Mean scores on ACE, SCOPA-COG, MMSE and

MDRS scales were 84.45 ± 10.87, 24.2 ± 6.1,

27.8 ± 2.4 and 131.4 ± 12.1, respectively. Thirteen

patients (29.9%), scored below the MDRS cut off point

and were classified as demented. All patients fulfilling

movement disorders dementia task force criteria

showed MDRS values below the cutoff point. Demo-

graphic data from patients classified as demented and

non-demented are compared on Table 1.

Positive and significant correlations between scales

were observed. ACE correlated with SCOPA-

COG (r = 0.93, P < 0.0001), MDRS (r = 0.91

P < 0.0001) and MMSE (r = 0.84, P < 0.001). Cor-

relation coefficient between MMSE and MDRS was

significantly lower than the correlation between ACE

and MDRS (t = 2.2 P < 0.03) but not different to the

correlation between SCOPA and MDRS (t = 0.8

P = 0.4).

Area under ROC curve, taking MDRS as reference

test, was 0.97 [95% confidence interval (CI):

0.92–1.00, Fig. 1) for ACE, 0.92 (95% CI: 0.83–1.00)

for SCOPA-COG and 0.91 (95% CI: 0.83–1.00) for

MMSE. Table 2 shows sensitivity, specificity and

kappa values for the different scale cut-off points.

Best cut-off value for ACE was 83 points (Se = 92%;

Sp = 91%; K = 0.79), 20 points for the SCOPA-

COG (Se = 92%; Sp = 87%; K = 0.74) and 26

points for MMSE (Se = 61%; Sp = 100%;

K = 0.69). Cognitive dysfunction according to PD

severity was further explored. In Table 3, ACE sub-

domain scores in H&Y groups are shown. All cog-

nitive functions were more severely affected in H&Y

III–V PD patients.

Table 1 Demographic data from demented and non-demented

subjects

Non-demented

(n = 31)

Demented

(n = 13) P-value

Males (%) 18 (58) 9 (69) 0.48

Age (years) 68.6 ± 11.5 71.9 ± 10.5 0.35

Education (years) 14.3 ± 3.4 11.9 ± 5 <0.08

MMSE 29 ± 1 25.2 ± 2.7 <0.001

ACE 89.8 ± 6.1 71.7 ± 8.9 <0.001

SCOPA 27 ± 4.7 17.8 ± 3.9 <0.001

UPDRS I 3.8 ± 2.1 6.6 ± 2.4 <0.001

UPDRS II 8.8 ± 5.5 20.1 ± 11.3 <0.001

UPDRS III 12.1 ± 5.6 27.2 ± 14.5 <0.001

UPDRS IV 3.2 ± 3.3 6.9 ± 5.8 <0.01

Hoehn & Yahr 2.2 ± 0.7 3.5 ± 0.9 <0.001

Disease duration 7.5 ± 7 8.2 ± 5.3 0.68

MADRS 11.1 ± 7.2 15.7 ± 3.4 <0.006

L-Dopa dose (mg/day) 460.1 ± 353.4 855.8 ± 269.3 <0.001

Dopamine agonist (%) 18 (58) 3 (23) <0.03

Atypic neuroleptics (%) 5 (16) 2 (15) 0.85

Colinesterase inhibitors(%) 1 (3) 5 (38) <0.002

Antidepressants (%) 5 (16) 3 (23) 0.56

MMSE, Mini-mental state examination; ACE, Addenbrooke�s Cog-
nitive Examination; SCOPA, Scales for Outcomes of Parkinson�s
disease; UPDRS, Unified Parkinson�s Disease Rating Scale – part I:

mentation; part II: daily activities; part III: motor evaluations and part

IV: levodopa complications.
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Discussion

The need for brief, sensitive and specific, cognitive

screening instruments clearly exists as potential thera-

peutic approaches for PD dementia become available

[12]. The Movement Disorder Society Task Force on

Dementia in PD [1] have proposed that for those cases

where dementia diagnosis remains uncertain or equiv-

ocal after the first level of evaluation, a second level

should be executed using more specific cognitive tests,

in order to specify the pattern and severity of the

dementia. Second level evaluations consist in a series of

qualitative tests, which allow for a more comprehensive

assessment of cognitive functions including MDRS.

ACE evaluation however was not included at any of the

assessment levels.

The present study showed that ACE demonstrated

excellent correlation with both comprehensive and

validated tools like MDRS, as well as with the PD-

specific scale SCOPA-COG, which finally proved to be

superior to MMSE regarding its clinometric properties

in PD patients. When ACE cut-off scores were set at 83

points, dementia diagnosis sensitivity and specificity in

PD patients was 92% and 90% respectively. We found

that not all patients classified as non-demented by

MDRS in our study fulfilled the corresponding clinical

criteria for dementia diagnosis recommended by the

movement disorders society. Thirty-nine per cent of

patients classified as demented by MDRS did not meet

the clinical criteria for dementia diagnosis recom-

mended by the movement disorders society because

MMSE was above their proposed cut-off score. We

think that this may be as a result of the fact that MMSE

does not measure visuospatial functions well in PD

dementia.

Before further analysing the cognitive battery stud-

ied, we should clarify that a revised and improved

version of ACE (ACE-R) has recently been made

available [32]. In the original version, the naming

component of ACE suffered from ceiling effects, and

the visuospatial component was limited. In the revised

version, the original 26 individual ACE components

were combined to produce five sub-scores, each one

representing a specific cognitive domain and contrib-

uting fairly equally to the total score. Despite these

advantages, we decided to use the classic version be-

cause of our extensive clinical experience using it. An-

other limitation of the present study is that the number

of demented patients studied, 13 subjects representing

29.5% of the sample, is too small to establish a reliable

cut-off value, although it was clearly representative of

the reported incidence of dementia in PD, which ranges

between 20% and 40% [2–5]. This figure may none-

theless have limited to some extent the precision of the

sensitivity and specificity estimations. This sample size

allows us to have a sensitivity level of ±15%

(92% ± 15% = 77–100%) and a specificity level of

±9.5% (80.5–99.5%) [33,34]. Further studies in larger

samples will however be necessary to confirm our

findings.

Attention, active memory, executive and visuospatial

functions are especially impaired in PD, whereas verbal

Figure 1 Receiver-operating curve of diagnostic performance of

Addenbrooke�s cognitive examination (ACE) for dementia. Mattis

Dementia Rating Scale was used as reference. Area under the

curve was 0.97 (95% CI: 0.92–1.00).

Table 2 Sensitivity, specificity and Kappa concordance values for

different Addenbrooke�s Cognitive Examination cut-off points

Cut-off

value

Sensitivity

(%)

Specificity

(%)

Kappa

concordance

86 100 77 0.67

85 100 81 0.71

84 100 81 0.71

83 92 90 0.79

82 85 90 0.73

Bold data represents the cut-off value with the highest sensitivity,

specificity and Kappa values.

Table 3 ACE subscores according to PD severity

H&Y I–II

(n = 20)

H&Y III–V

(n = 24) P-value

Orientation score 9.6 ± 0.1 7.3 ± 0.7 <0.01

Memory score 27.5 ± 0.8 21.2 ± 1.0 <0.01

Attention 7.76 ± 0.9 7.33 ± 0.50 0.52

Verbal fluency score 10.6 ± 0.4 7.2 ± 1.3 <0.01

Language skills score 27.4 ± 0.2 23.8 ± 1.1 <0.01

Visuospatial skill score 3.7 ± 0.2 1.7 ± 0.6 <0.01

Total score 86.9 ± 1.4 68.8 ± 4 <0.01

ACE, Addenbrooke�s Cognitive Examination; PD, Parkinson�s dis-
ease; H&Y, Hoehn & Yahr.
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functions, thinking and reasoning are relatively spared

[1]. Both MMSE and ACE can evaluate many of these

items. Moreover, all items of MMSE are included in the

ACE, however differences between them are striking.

For example, whilst memory evaluation is a small part

of the MMSE, only 10% of total score, ACE assigns

35% of its total to memory, and allows evaluation of

serial learning, verbal fluency and extended language by

adding 10 objects to the naming-task, assigning greater

depth to reading evaluation, as well as including a more

stringent comprehension test. Visuospatial function

evaluation is enriched by clock and cube drawings ad-

ded to the MMSE pentagon-drawing task. Further-

more, MMSE includes items from less severely affected

domains in PD, such as temporal orientation and

language [27,35].

On comparing ACE with the SCOPA-COG, the lat-

ter focuses on domains frequently affected in PD

(memory, attention and executive and visuospatial

functioning) [16], making this test more sensitive to

cognitive deficits present in PD. Nevertheless, SCOPA-

COG assesses mainly, although not exclusively, the

subcortical functions in PD. ACE on the other hand

[17], was developed to provide a brief sensitive test for

early stages of dementia, capable of distinguishing be-

tween subtypes including Alzheimer�s disease, fronto-

temporal dementia, progressive supranuclear palsy and

other parkinsonian syndromes such as corticobasal

degeneration, progressive supranuclear palsy and mul-

tiple system atrophy [17–22]. It has been used in Cam-

bridge for over a decade, and has also been adopted by

several international sites [18,36–39], making its vali-

dation in PD worthwhile.

Our results suggest that, compared to a well-estab-

lished and comprehensive cognitive screening test such

as MDRS, ACE has proven it is an appropriate

instrument for first line global evaluation of cognitive

deficits in PD patients. Future studies should be direc-

ted to verify whether ACE might be useful to distin-

guish dementia in PD, from dementias because of other

causes such as Alzheimer�s disease.
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