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Abstract
Recent studies suggest that onset of dementia in Parkinson’s disease (PD) is preceded by a phase known as mild cognitive
impairment (MCI). Different clinical subtypes of MCI in PD were found. The objective of this study was to investigate
whether patients with PD diagnosed with amnestic MCI (aPD-MCI) have also subtle deficits in other cognitive domains and
especially in attention/executive functions and, therefore to clarify whether all subcomponents of executive control are
equally affected in aPD-MCI. We investigated 23 patients with aPD-MCI (modified Petersen’s criteria) and 25 normal controls.
Relative to controls, the aPD-MCI group showed significant deficits with reference to tasks that encompass various aspects of
attention/executive functions, including Trail Making Test, Stroop test, Modified Card Sorting Test, and digit span backward,
as well as phonemic and semantic verbal fluency. This suggests that executive dysfunction is consistently presented in PD with
MCI, even in ‘‘amnestic’’ PD-MCI due to cortical–subcortical dysfunction.
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Introduction

Parkinson’s disease (PD) is often associated with cognitive

impairment and dementia. The average prevalence of mild

cognitive impairment (MCI) in nondemented PD was reported

to range from 21% to 55%.1,2 Similar to Alzheimer’s disease

(AD), the presence of MCI in PD (PD-MCI) was found to be

associated with increased risk of subsequent dementia.3

Furthermore, the mild cognitive changes in patients with non-

demented PD were also determined to affect quality of life.4

The strict application of the initial definition of MCI was soon

shown to be heterogeneous and unstable in terms of progres-

sion. This heterogeneity includes the clinical presentation, pro-

file of progression, and etiological factors.5 Recent studies

suggest that the different MCI subtypes (amnestic, single-

domain nonmemory and multiple domains slightly impaired

MCI) progress to different dementia disorders.6 Patients with

amnestic MCI usually progress to AD at a high rate,7 whereas

patients with single domain nonmemory MCI are more likely

to progress to a non-AD dementia.6,8

Therefore, we could expect that the PD-MCI, as a precursor

of PD with dementia (PDD), will include exclusively single

domain nonmemory and multiple domains slightly impaired

MCI subtypes but not amnestic MCI subtype. However, in

recent years, the literature has reported that although the first

2 of the previous MCI subtypes are the most frequent in PD-

MCI, there are also some patients with PD who cover the

criteria of amnestic MCI subtype.2,3 It could be suggested that

the different underlying pathological factors in addition to

Lewy body pathology in these patients bring to the different

cognitive profiles in them similar to the data from PDD

studies.9

However, the specific cognitive profile of the amnestic

PD-MCI subtype is not quite clear. Patients with aPD-MCI

could demonstrate deficits only on verbal episodic memory. The

performance of the same group on measures assessing other cog-

nitive domains could be equivalent to that of healthy older con-

trols. This profile of cognitive deficits is typically observed in

amnestic MCI7 precursor of AD and it suggests the similarity

of underlying pathological process in both the amnestic MCI

groups (with and without PD). Another suggestion may be that

the amnestic PD-MCI group will also have subtle widespread

deficits in executive functions and the other frontal lobe tests due

to disruption of the frontal–subcortical circuit.10 In this case, it

will be also interesting to investigate whether all different sub-

components of executive functions are present in amnestic
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PD-MCI. Therefore, knowledge of the exact pattern of cognitive

impairment in amnestic PD-MCI could provide information

about the underlying neuropathological factors. However, it

should be pointed out that the choice of control group (PD or

non-PD), tasks used to examine aspects of cognitive function,

and the PD-MCI definition could influence the determination

of the affected cognitive domains in amnestic PD-MCI and pre-

clude the comparison with other cognitive studies. Conse-

quently, we selected executive tasks and clinical criteria that

were ‘‘universally’’ accepted. The objective was to avoid further

clouding the issues by introducing additional measures. In addi-

tion, several recent studies noticed that even patients with ‘‘cog-

nitive intact’’ PD, who do not cover the MCI criteria, show some

neuropsychological and neuroimaging features similar to PD-

MCI groups.11-13 Therefore, in this study, we only chose a cohort

of elderly cognitive intact participants without PD as a control

group to detect subtle cognitive deficits in our amnestic PD-

MCI group. The aims of our study were to investigate whether

patients with PD diagnosed with amnestic MCI have also

impairment in other cognitive domains and especially in atten-

tion/executive functions. Furthermore, we wanted to clarify

whether all subcomponents of executive control are equally

affected in amnestic PD-MCI.

Methods

Participants

Patients were recruited from participants who sought consulta-

tion at the University Hospital ‘‘Alexandrovska’’ in Sofia,

because of Parkinsonian’s signs and for the treatment of their

parkinsonism as well. The research was approved by the ethics

committee of the Medical University-Sofia, and all participants

provided their own written informed consent prior to study

participation.

The evaluation procedure consisted of detailed medical his-

tory, physical and neurological examinations, cognitive evalua-

tions, appropriate laboratory tests, and neuroimaging. All

patients underwent brain computed tomography (CT) or mag-

netic resonance imaging (MRI). History of medical, neurologi-

cal, and psychiatric problems was obtained from the patient and

family members (usually the patient’s spouse or children). The

psychiatric evaluation included a semistructured interview and

the Geriatric Depression Scale (GDS). Since depression may

influence cognition and especially executive functions in

patients with PD,14-16 a measure of depression, 15-item GDS17

was included, which has been validated in patients with PD and

recommended for use in this population.18 Participants with a

score more than 4, indicating clinically significant depres-

sion,18,19 were excluded.

Cognitive status was evaluated by the Mini-Mental State

Examination (MMSE)20 and Mattis Dementia Rating Scale

(DRS).21 The DRS is commonly used screening instrument

and comprises items that were specifically designed for

executive function assessment.22 The scale is divided into 5

subscales, measuring attention, initiation and perseveration,

conceptualization, construction, and memory. For patients with

PD, DRS has been shown to be a valid scale of cognitive function-

ing in nondemented and demented patients,23,24 and the subscales

show strong convergent and discriminant validity.24 The Clinical

Dementia Rating (CDR) scale25 was also completed.

All available information was evaluated by an experienced

neurologist (who is also trained in brain imaging) and by a neu-

ropsychologist. Among the 353 patients fulfilling the UK Parkin-

son’s disease Society (UKPDS) Brain Bank criteria for PD,26 199

patients were excluded because of the following: (1) patients with

coexisting dementia and/or major depression (according to Diag-

nostic and Statistical Manual of Mental Disorders [fourth edition;

DSM–IV] criteria) and/or score of GDS higher than 4 (n¼ 93); (2)

patients who presented any of the following: history of minor

stroke events, clinical course with abrupt deterioration of cogni-

tive function, stepwise decline or fluctuation, and evidence of rel-

evant cerebrovascular disease by brain imaging (CT or MRI

findings of single or multiple small subcortical infarcts and exten-

sive white matter changes; n ¼ 98); and (3) patients with uncor-

rected visual deficit (n ¼ 8). From the remaining 154 patients

with nondemented and nondepressive PD, 72 were cognitively

intact and 82 were with PD-MCI. In PD-MCI group, 23 patients

were diagnosed with amnestic PD-MCI, according to the criteria

defined below.

Mild Cognitive Impairment Group

The absence of a consensus on the definition of MCI in PD led

us to adopt MCI criteria used to classify participants at risk for

AD to categorize our patients with PD as cognitively intact or

MCI. The diagnosis of MCI was made according to a modified

criteria proposed by Petersen and colleagues.27 The patients

with PD in MCI group had (1) memory or other cognitive com-

plaint by the patient or a reliable informant; (2) normal global

cognitive function (MMSE >26); (3) objective cognitive

impairment of at least 1.5 SDs below age- and education-

matched norms, as previously developed, on one or more of the

subscales of DRS; and (4) generally preserved functional

capacity and activities of daily living both by history and by

functional scale (CDR ¼ 0 or 0.5) assessment.

According to these criteria, the 82 patients with PD-MCI

were classified in 3 subtypes: (1) amnestic MCI (n ¼ 23), that

is, individuals with impaired performance on the memory sub-

scale but who are performing reasonably well on other sub-

scales of the DRS; (2) multiple domains slightly impaired

MCI (n ¼ 29), that is, impairment on 2 or more cognitive mea-

sures; (3) single nonmemory domain MCI (n ¼ 30), that is,

impairment in a single cognitive domain other than memory.

Severity of Parkinsonism in patients with PD was evaluated by

the Unified Parkinson’s Disease Rating Scale (UPDRS) part III28

and the Hoehn and Yahr staging29 in the patient’s best on state.

Normal Control Group

To compare the neuropsychologic performances of amnestic

PD-MCI group, we composed a control group of 25 elderly
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participants without history or symptoms of psychiatric or

neurologic disease and with integrity of their cognitive func-

tions. They were matched to patient groups according to age,

sex, and educational level.

Neuropsychological Assessment

Cognitive functions were evaluated in all participants by a

comprehensive neuropsychologic battery consisting of subtests

and modified short forms of commonly used neuropsychologic

measures. The neuropsychological assessment was blinded to

the clinical diagnosis. Episodic memory was assessed with the

Buschke Free and Cued Selective Reminding Test (FCSRT),30

assessing free recall (number of items retrieved over 3 learning

trials), total recall (number of words recalled with free and cued

procedures over 3 learning trials), recognition, and the delayed-

free and total recall. Attention and executive functions were

tested by the Trail Making Test part A (TMT-A) and part B

(TMT-B;31 assessing the time to correctly relay all items in

each of the trials), the Modified Card Sorting Test (MCST;32

assessing the number of categories achieved and perseverative

errors), Digit Span forward and backward of the Wechsler

Adult Intelligence Scale (WAIS),33 and the Stroop Test34

(assessing, in 3 parts, the number of items correctly named in

45 seconds). Language abilities were assessed by the 15-item

subset of the Boston Naming Test (BNT),35 the semantic verbal

fluency (categories animals, assessing number of animals pro-

duced in 60 seconds), and the phonemic verbal fluency (letters

M, assessing the number of words produced in 60 seconds).36

Visuospatial abilities and constructional praxis were evaluated

by the copy 5 complex Designs37 and Clock drawing test.38

Statistical Analysis

An analysis of variance (ANOVA) on each test variable was

performed separately. Categorical data were analyzed by using

the w2 test. Pearson correlation between UPDRS motor sub-

scale and cognitive variables was evaluated in patients with

PD. Differences were interpreted as significant by at least

P < .05. All analyses were computed using Statistical Package

for the Social Sciences (SPSS) version 14.0 statistical software.

Results

Demographic characteristics of the patients with PD with

amnestic MCI (aPD-MCI) and controls were presented in

Table 1. The ANOVA was used to examine group differences

in age, education, and MMSE scores.

Patients with aPD-MCI had lower DRS scores than controls,

but there were no significant differences regarding age, educa-

tion, MMSE scores, and gender (w2 ¼ 0.083; P ¼ .773). The

average degree of motor disorder for the PD group fell within

the mild-to-moderate range as evaluated by the Hoehn and

Yahr 2.3 (0.6) and the UPDRS motor section 21.2 (6.7). The

average disease’s duration of our PD group from the first motor

symptom was 6.3 years. The neuropsychological performances

of the 2 groups included in this study are shown in Table 2.

With regard to the pattern of performance on FCSRT, statis-

tical analysis indicated that patients with aPD-MCI performed

significantly less well than controls on immediate and delayed

free recall, as well as on immediate and delayed total recall, but

not on recognition. In terms of tasks that encompass various

aspects of attention and executive functions, statistical analysis

indicated that patient group was significantly impaired relative

to controls on all tests, except digit span forward.

With regard to language tasks, intergroup comparisons indi-

cated that patients performed within normal limits on the BNT

but not on the category and phonemic verbal fluency test. Simi-

larly, no significant difference was found between patients and

controls on Clock Drawing Test and copy of complex designs.

Discussion

Our findings show that in addition to the impairment of the ver-

bal episodic memory, our patients with aPD-MCI demonstrated

significant deficits in almost all measures of attention/execu-

tive functions. However, the performance on measures asses-

sing language, visuospatial abilities, and constructional praxis

in PD group was comparable with that of normal controls

(NCs). Although this was not the main goal of our study, we

would like to stress on the type of memory impairment in our

patients with aPD-MCI. Several recent studies found that

impairment in recognition memory was nearly as common as

free recall in patients with PD supposing the appearance of def-

icits in both encoding and retrieval.39 In contrast to them, it was

noted in our study that patients with aPD-MCI recalled signif-

icantly fewer words on immediate recall but demonstrated

improved cued recall and normal recognition, finding typically

observed in patients with frontostriatal dysfunction who con-

siderably benefit from prompts.40

In addition to the severely abnormal episodic memory

performance, we also found significant impairment in some

neuropsychological measures largely accepted as measures of

executive functions. The PD group showed significantly lower

number of correct responses on the third part of the Stroop test

and the Modified WCST (number of categories and persevera-

tions). Both tests are well-known and validated executive tasks

measuring the ability to inhibit irrelevant responses, the set

shifting and cognitive flexibility, or the supervisory attentional

system. These findings are in agreement with the results of

Kensinger and colleagues41 who reported disproportionately

affected ability to inhibit automatic or prepotent responses in

early PD as compared with mild AD.

Compared to controls, our patients with aPD-MCI were also

significantly slower on the 2 parts of TMT. The impairment in

TMT was frequently found even in nondemented patients with

newly diagnosed PD.42 This test evaluates the ability to follow

a complex plan and require cognitive flexibility in the execu-

tion of that plan. The deficit in these abilities in our PD group

is clearly demonstrated in subtraction of TMTA-TMTB, when

the motor component of the response can be controlled.
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In our study, aPD-MCI group demonstrated deficit in digit

span backward but not in digit span forward. Similar results

were reported by Altgassen and colleagues,43 in a recent study

investigating the role of all 4 components of the revised work-

ing memory model using the digit span forward as a measure

for phonological loop. In contrast to the reduced central exec-

utive and episodic buffer efficiency, their PD group did not

demonstrate impairment in verbal and visuospatial buffer

functioning.

In the domain of language, we found that naming, cognitive

function with relatively low executive load was within the nor-

mal range in patients with aPD-MCI.32 However, the language

functions with highly involved executive component as seman-

tic and phonemic fluency44 showed marked deficiency. These

data are in-line with the results of Song and colleagues.45

Concerning the visuospatial and constructive abilities, our

PD group performed similarly to NC, on the CDT and figure

copying test. These data partly correlated with the results of

Muslimovic and colleagues,42,46 who also did not find signifi-

cant difference in CDT between PD group and controls. Song

and colleagues also noticed the preservation of visuospatial and

constructive abilities in patients with PD-MCI in contrast to

patients with PDD who showed significant impairment in this

cognitive domain. 45 Because aPD-MCI cases in our study were

defined by single domain dysfunction of memory ability, one

might expect the statistical difference we found only on corre-

sponding tests. However, there were also significant differ-

ences between aPD-MCI and controls for attention/executive

functions but not for constructive and language abilities. We

believe that this reflects the presence of a dysfunction of

fronto–subcortical pathways in these patients with PD-MCI.

Our results support the data of several other authors,13,45

namely that MCI in PD is more related to fronto–subcortical

dysfunction than to cortical alterations.

Table 2. Neuropsychological Performance of Both Groupsa

NC PD-MCI F P

Memory
FCSRT (free recall) 27.1 (3.1) 20.2 (5.9) 26.12 .000
FCSRT (total recall) 45.4 (1.2) 41.2 (4.1) 23.4 .000
FCSRT (recognition) 15.8 (0.4) 15.6 (0.6) 2.72 .106
FCSRT (free delayed recall) 10.7 (1.6) 8.5 (2.4) 14.37 .000
FCSRT (total delayed recall) 15.7 (0.5) 14.5 (1.6) 12.72 .001

Attention/executive function
Digit span (forward) 6.2 (0.6) 5.9 (0.7) 2.33 .134
Digit span (backward) 4.7 (0.8) 3.7 (0.7) 21.84 .000
TMT A (time) 50.2 (13.5) 76.4 (27.1) 18.37 .000
TMT B (time) 119.1 (33.1) 183.4 (85.6) 12.13 .001
TMT B-A (time) 68.9 (33.5) 107.0 (81.4) 4.63 .037
MCST (categories) 5.9 (0.3) 4.8 (1.8) 10.22 .003
MCST perseverations 1.2 (1.2) 6.4 (8.1) 9.89 .003
SCIT part 3 33.9 (5.8) 29.0 (7.7) 6.1 .017

Language
BNT 15.0 (0.2) 14.9 (0.5) 0.81 .373
Semantic fluency (animals) 20.7 (3.9) 18.4 (3.3) 4.96 .031
Phonemic fluency (letter M) 12.8 (3.1) 8.8 (3.0) 19.75 .000

Visuospatial/abilities
Copy designs 10.1 (0.6) 9.8 (1.0) 1.54 .222
Clock drawing test 9.5 (0.5) 9.2 (1.2) 1.40 .244

Abbreviations: BNT, Boston Naming Test; FCSRT, Free and Cued Selective Reminding Test; MCI, mild cognitive impairment; MCST, Modified Card Sorting Test;
NCs, normal controls; PD, Parkinson’s disease; SCIT, Stroop Color Interference test; TMT A, Trail Making Test part A; TMT B, Trail Making Test part B.
a The values are mean (SD).

Table 1. Demographic Characteristics of Patients With PD-MCI and NCa

NC (n ¼ 25) PD-MCI (n ¼ 23) F P

Mean age (year) 67.4 (6.9) 67.9 (8.9) 0.05 .824
Education 14.5 (2.4) 13.5 (3.3) 1.44 .237
MMSE 28.6 (0.8) 28.2 (1.0) 1.79 .187
DRS 139.6 (2.3) 133.7 (3.5) 26.12 .000

Abbreviations: DRS, Mattis Dementia Rating Scale; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; NCs, normal controls; PD, Parkinson’s
disease.
a The values are mean (SD).
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There are some limitations to the current study. First, an

important consideration in studies of patients with PD concerns

the accuracy of the clinical diagnosis. Although we cannot

exclude that some patients in our sample might have been mis-

diagnosed, we minimized this possibility by using the UKPDS

Brain Bank criteria, estimated in a clinicpathological study to

have a diagnostic accuracy of 90%.47 Second, slowness in

motor performance may have affected patient’s scores on cog-

nitive testing. However, the neuropsychological examination

was performed in the on state and Pearson’s correlation did not

demonstrate significant relationship between scores of

UPDRS-motor subscale and cognitive variables in patients

with PD. Thus, it is less likely that motor functioning signifi-

cantly contributed to performance of patients with PD during

cognitive testing. Third, in our attempt to exclude possible con-

founding factors, both groups in our study are very small. This

could influence tests with lower sensitivity and a low ceiling

effect, for example, the CDT, because of the low power of the

study to detect small differences between cases and controls.

Finally, coming from a clinic-based study our observations are

of limited generalizability.

In conclusion, our results show that executive functions are

impaired even in patients with ‘‘amnestic’’ PD-MCI. The

results of our study highlight the need of more complex cogni-

tive examination focusing on executive and memory patterns

for early detection of cortico–subcortical dysfunction and bet-

ter differentiation of the subtypes of PD-MCI. Several previous

studies addressing the different MCI subtypes as predictors of

PDD have yielded inconsistent results.3,11 More prospective

studies are needed to understand the longitudinal course of

MCI in PD to determine which of the MCI subtypes represent

a precursor to a more widespread dementia. In our future pro-

spective work, we are planning to include more PD-MCI to

increase the power of the study to detect small differences

between cases and controls. We are also planning to evaluate

more profoundly the possible relationship between these early

executive changes and motor deficit, as well as behavior

changes in these patients with PD-MCI.

Declaration of Conflicting Interests

The authors declared no conflicts of interest with respect to the author-

ship and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support for the

research and/or authorship of this article: a grant no 51/2007 from the

Medical University-Sofia, Bulgaria.

References

1. Janvin C, Aarsland D, Larsen JP, Hugdahl K. Neuropsychological

profile of patients with Parkinson’s disease without dementia.

Dement Geriatr Cogn Disord. 2003;15(3):126-131.

2. Caviness JN, Driver-Dunckley E, Connor DJ, et al. Defining mild

cognitive impairment in Parkinson’s disease. Mov Disord.

2007;22(9):1272-1277.

3. Janvin CC, Larsen JP, Aarsland D, Hugdahl K. Subtypes of mild

cognitive impairment in Parkinson’s disease: progression to

dementia. Mov Disord. 2006;21(9):1343-1349.

4. Klepac N, Trkuljab V, Relja M, Babic T. Is quality of life in non-

demented Parkinson’s disease patients related to cognitive perfor-

mance? A clinic-based cross-sectional study. Eur J Neurol.

2008;15(2):128-133.

5. Petersen RC, Stevens JC, Ganguli M, Tangalos EG, Cummings JL,

DeKosky ST. Practice parameter: early detection of dementia:

mild cognitive impairment (an evidence-based review). Report

of the Quality Standards Subcommittee of the American Academy

of Neurology. Neurology. 2001;56(9):1133-1142.

6. Petersen RC. Mild cognitive impairment as a diagnostic entity.

J Intern Med. 2004;256(3):183-194.

7. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG,

Kokmen E. Mild cognitive impairment: clinical characterization

and outcome. Arch Neurol. 1999;56(3):303-308.

8. Boeve BF, Ferman TJ, Smith GE, et al. Mild cognitive impair-

ment preceding dementia with Lewy bodies [abstract]. Neurol-

ogy. 2004;62(suppl 5):A29, S86-S87.

9. Lippa CF, Duda JE, Grossman M, et al. DLB and PDD boundary

issues: diagnosis, treatment, molecular pathology, and biomar-

kers. Neurology. 2007;68(11):812-819.

10. Padovani A, Costanzi C, Gilberti N, Borroni B. Parkinson’s dis-

ease and dementia. Neurol Sci. 2006;27(suppl 1):S40-S43.

11. Nobili F, Abbruzzese G, Morbelli S, et al. Amnestic mild cogni-

tive impairment in Parkinson’s disease: a brain perfusion SPECT

study. Mov Disord. 2009;24(3):414-421.

12. Huang C, Mattis P, Perrine K, Brown N, Dhawan V, Eidelberg D.

Metabolic abnormalities associated with mild cognitive impair-

ment in Parkinson disease. Neurology. 2008;70(16 pt 2):1470-

1477.

13. Pagonabarraga J, Kulisevsky J, Llebaria G, Garcı́a-Sánchez C,

Pascual-Sedano B, Gironell A. Parkinson’s disease-cognitive rat-

ing scale: a new cognitive scale specific for Parkinson’s disease.

Mov Disord. 2008;23(7):998-1005.

14. Uekermann J, Daum I, Peters S, Wiebel B, Przuntek H, Müller T.

Depressed mood and executive dysfunction in early Parkinson’s

disease. Acta Neurol Scand. 2003;107(5):341-348.

15. Costa A, Peppe A, Carlesimo GA, Pasqualetti P, Caltagirone C.

Major and minor depression in Parkinson’s disease: a neuropsy-

chological investigation. Eur J Neurol. 2006;13(9):972-980.

16. Stefanova E, Potrebic A, Ziropadja L, Maric J, Ribaric I,

Kostic VS. Depression predicts the pattern of cognitive impair-

ment in early Parkinson’s disease. J Neurol Sci. 2006;248(1-

2):131-137.

17. Yesavage JA, Brink TL, Rose TL, et al. Development and valida-

tion of a geriatric depression screening scale: a preliminary report.

J Psychiatr Res. 1983;17(1):37-49.

18. Weintraub D, Oehlberg KA, Katz IR, Stern MB. Test characteris-

tics of the 15-item geriatric depression scale and Hamilton depres-

sion rating scale in Parkinson disease. Am J Geriatr Psychiatry.

2006;14(2):169-175.

19. Weintraub D, Xie S, Karlawish J, Siderowf A. Differences in

depression symptoms in patients with Alzheimer’s and Parkin-

son’s diseases: evidence from the 15-item Geriatric Depression

Petrova et al 459

459



Scale (GDS-15). Int J Geriatr Psychiatry. 2007;22(10):1025-

1030.

20. Folstein MF, Folstein SE, McHugh PR. Mini mental state: a prac-

tical method for grading the cognitive state of patients for the clin-

icians. J Psychiatr Res. 1975;12(3):189-198.

21. Mattis S. Dementia rating scale. In: Bellak L, Karasu TB, eds.

Geriatric Psychiatry: A Handbook for Psychiatrists and Primary

Care Physicians. New York, NY: Grune and Stratton; 1976:108-

121.

22. Marson DC, Dymek MP, Duke LW, Harrell LE. Subscale validity

of the Mattis Dementia Rating Scale. Arch Clin Neuropsychol.

1997;12(3):269-275.

23. Llebaria G, Pagonabarraga J, Kulisevsky J, et al. Cut-off score of

the Mattis Dementia Rating Scale for screening dementia in Par-

kinson’s disease. Mov Disord. 2008;23(11):1546-1550.

24. Brown GG, Rahill AA, Gorell JM, et al. Validity of the Dementia

Rating Scale in assessing cognitive function in Parkinson’s dis-

ease. J Geriatr Psychiatry Neurol. 1999;12(4):180-188.

25. Berg L. Clinical dementia rating (CDR). Psychopharmacol Bull.

1988;24(4):637-639.

26. Gibb WRG, Lees AJ. The relevance of the Lewy body to the

pathogenesis of idiopathic Parkinson’s disease. J Neurol Neuro-

surg Psychiatry. 1988;51(6):745-752.

27. Petersen RC, Doody R, Kurz A, et al. Current concepts in mild

cognitive impairment. Arch Neurol. 2001;58(12):1985-1992.

28. Fahn S, Elton RI. and members of the UP, DRS Development

Committee. Unified Parkinson’s disease rating scale. In:

Fahn S, Marsden CD, Calne DB, Goldstein M, eds. Recent Devel-

opment in Parkinson’s Disease. Vol 2, Florham Park, NJ: Mac-

millan Health Care Information; 1987:153-163.

29. Hoehn MM, Yahr MD. Parkinsonism: onset, progression, and

mortality. Neurology. 1967;17(5):427-442.

30. Grober E, Buschke H, Crystal H, Bang S, Dresner R. Screening

for dementia by memory testing. Neurology. 1988;38(6):900-903.

31. Reitan RM. Validity of the Trail Making Test as an indication of

the organic damage. Percept Mot Skills. 1958;8:271-276.

32. Nelson HE. A modified card sorting test sensitive to frontal

defects. Cortex. 1976;12(4):313-324.

33. Wechsler D. Measurement of Adult Intelligence. Baltimore, MD:

Williams & Wilkins; 1958.

34. Stroop JR. Studies of interference in serial verbal reactions. J Exp

Psychol. 1935;18(6):643-662.

35. Kaplan E, Goodglass H, Weintraub S. The Boston Naming Test.

Boston, MA: Veterans Administration Medical Center; 1978.

36. Lezak MD. Neuropsychological Assessment. Oxford, UK: Oxford

University Press; 1995.

37. Morris JC, Heyman A, Mohs RC, et al. The consortium to estab-

lish a registry for Alzheimer’s disease (CERAD). Part I. Clinical

and neuropsychological assessment of Alzheimer’s disease. Neu-

rology. 1989;39(9):1159-1165.

38. Borod JC, Goodglass H, Kaplan E. Normative AD on the Boston

diagnostic aphasia examination, parietal lobe battery, and the

Boston naming test. J Clin Neuropsychol. 1980;2(3):209-216.

39. Mamikonyan E, Moberg PJ, Siderowf A, et al. Mild cognitive

impairment is common in Parkinson’s disease patients with nor-

mal Mini-Mental State Examination (MMSE) scores. Parkinson-

ism Relat Disord. 2009;15(3):226-231.

40. Taylor AE, Saint-Cyr JA, Lang AE. Frontal lobe dysfunction in

Parkinson’s disease: the cortical focus of neostriatal outflow.

Brain. 1986;109(pt 5):845-883.

41. Kensinger EA, Shearer DK, Locascio JJ, Growdon JH, Corkin S.

Working memory in mild Alzheimer’s disease and early Parkin-

son’s disease. Neuropsychology. 2003;17(2):230-239.

42. Muslimovic D, Post B, Speelman JD, Schmand B. Cognitive pro-

file of patients with newly diagnosed Parkinson disease. Neurol-

ogy. 2005;65(8):1239-1245.

43. Altgassen M, Phillips L, Kopp U, Kliegel M. Role of working

memory components in planning performance of individuals

with Parkinson’s disease. Neuropsychologia. 2007;45(10):

2393-2397.

44. Hodges JR, Patterson K. Is semantic memory consistently

impaired early in the course of Alzheimer’s disease? Neuroanato-

mical and diagnostic implications. Neuropsychologia.

1995;33(4):441-459.

45. Song IU, Kim JS, Jeong DS, Song HJ, Lee KS. Early neuropsy-

chological detection and the characteristics of Parkinson’s disease

associated with mild dementia. Parkinsonism Relat Disord.

2008;14(7):558-562.

46. Muslimovic D, Post B, Speelman JD, Schmand B. Motor proce-

dural learning in Parkinson’s disease. Brain. 2007;130(pt

11):2887-2897.

47. Hughes AJ, Daniel SE, Lees AJ. Improved accuracy of clinical

diagnosis of Lewy body Parkinson’s disease. Neurology.

2001;57(8):1497-1499.

460 American Journal of Alzheimer’s Disease & Other Dementias® 25(5)

460



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


