D. Aarsland, MD

K. Bronnick, PhD

C. Williams-Gray,
MRCP, PhD

D. Weintraub, MD

K. Marder, MD

J. Kulisevsky, MD

D. Burn, MD

P. Barone, MD

J. Pagonabarraga, MD

L. Allcock, MD

G. Santangelo, PhD

T. Foltynie, PhD

C. Janvin, PhD

J.P. Larsen, MD

R.A. Barker, MRCP,
PhD

M. Emre, MD

Address correspondence and
reprint requests to Dr. Dag
Aarsland, Stavanger University
Hospital, Psychiatric Division,
PO Box 8100, 4068 Stavanger,
Norway

daarsland@gmail.com

Editorial, page 1038

Supplemental data at
www.neurology.org

1062

Mild cognitive impairment in

Parkinson disease

A multicenter pooled analysis

ABSTRACT

Background: In studies of mild cognitive impairment (MCI) in Parkinson disease (PD), patients
without dementia have reported variable prevalences and profiles of MCI, likely to be due to
methodologic differences between the studies.

Objective: The objective of this study was to determine frequency and the profile of MCl in a large,
multicenter cohort of well-defined patients with PD using a standardized analytic method and a
common definition of MCI.

Methods: A total of 1,346 patients with PD from 8 different cohorts were included. Standardized
analysis of verbal memory, visuospatial, and attentional/executive abilities was performed. Subjects
were classified as having MCI if their age- and education-corrected z score on one or more cognitive do-
mains was at least 1.5 standard deviations below the mean of either control subjects or normative data.

Results: A total of 25.8% of subjects (95% confidence interval [Cl] 23.5-28.2) were classified as
having MCI. Memory impairment was most common (13.3%; 11.6-15.3), followed by visuospa-
tial (11.0%; 9.4-13.0) and attention/executive ability impairment (10.1%; 8.6-11.9). Regarding
cognitive profiles, 11.3% (9.7-13.1) were classified as nonamnestic single-domain MCI, 8.9%
(7.0-9.9) as amnestic single-domain, 4.8% (3.8-6.1) as amnestic multiple-domain, and 1.3%
(0.9-2.1) as nonamnestic multiple-domain MCI. Having MCI was associated with older age at
assessment and at disease onset, male gender, depression, more severe motor symptoms, and
advanced disease stage.

Conclusions: MCl is common in patients with PD without dementia, affecting a range of cognitive
domains, including memory, visual-spatial, and attention/executive abilities. Future studies of pa-
tients with PD with MCI need to determine risk factors for ongoing cognitive decline and assess
interventions at a predementia stage. Neurology® 2010;75:1062-1069

GLOSSARY

aMCI-MD = amnestic multiple-domain MCI; aMCI-SD = amnestic single-domain MCI; Cl = confidence interval; DSM-IV =
Diagnostic and Statistical Manual of Mental Disorders, 4th edition; MCI = mild cognitive impairment; MMSE = Mini-Mental
State Examination; naMCI-MD = nonamnestic multiple-domain MCI; naMCI-SD = nonamnestic single-domain MCI; PD =
Parkinson disease; PD-CRS = Parkinson's Disease Cognitive Rating Scale; UPDRS = Unified Parkinson's Disease Rating
Scale.

Dementia is often associated with Parkinson disease (PD), especially in the late stages. Cogni-
tive impairment of a lesser severity is also common in patients with PD without dementia,
designated as mild cognitive impairment (MCI) of PD, or PD-MCI. Patients with PD with

MCI have an increased risk of developing dementia, compared with those without. Previ-
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ously, a variety of definitions for MCI in PD
have been used, based on the type and num-
ber of cognitive tests administered, and how
impairment was defined. In addition, factors
including study design, methodology, and
the patient cohort included (community-
based vs clinic-based cohorts, prevalent vs
incident samples) influenced the prevalence
rate and the cognitive profile of patients
with PD-MCI.

The aim of this study was to provide a
more accurate estimate of the frequency and
the profile of cognitive deficits in patients
with PD without dementia by employing a
common definition for MCI, and analyzing a
large, pooled, multicenter cohort of well-
defined patients using a standardized method
for analysis. The large sample size was also ex-
pected to allow a more accurate estimate of
PD-MCI in subgroups based on age, gender,
and duration and stage of PD.

METHODS Participants. We invited centers that had re-
ported on cognitive functions in relatively large and well-defined
cohorts of patients with PD without dementia to participate in
this project. Inclusion criteria were sample size >50 patients,
standardized clinical criteria for the diagnosis of PD and the
diagnosis (exclusion) of dementia, and the use of standardized
neuropsychological tests with either available norms or inclusion
of a control group. Of the 9 centers invited to participate, 7
responded positively and were included (table 1). The pooled
data included 8 cohorts. For details regarding case selection and
the other procedures, please see the original publications: South-
Western Norway, 2 cohorts®*; New York, NY¢ Cambridge,
UK? Newcastle, UK’; Philadelphia, PA% and Barcelona,

Spain.”'® In addition, one de novo cohort from an outpatient
clinic for movement disorders in Napoli, Italy, which has not yet
been published, was included. For this cohort, consecutive pa-
tients with recently diagnosed PD at the Department of Neuro-
science, University of Naples, Italy, were recruited. Patients were
cither referred by general practitioners or directly contacted the
clinic themselves. Inclusion in this cohort required that duration
of PD had to be less than 2 years, and familial parkinsonism was

excluded.

Diagnosis of dementia. Dementia was diagnosed based on
cognitive testing, as well as a clinical interview or a standardized
instrument to assess functional impairment due to cognitive dys-
function. The diagnosis of dementia was made according to
DSM-IV criteria'! in most cases, whereas in one cohort, the new
criteria for dementia associated with PD were used."? In 2 co-
horts, inclusion of patients without dementia was based on the
Mini-Mental State Examination (MMSE)," excluding the bot-
tom 25th age- and education-adjusted percentile on the MMSE®
or those with a score <26' (table 1). Since the definitions of
dementia varied across the centers, we also analyzed the propor-
tion of patients with cognitive impairment in PD without de-
mentia using a uniform definition (i.e., MMSE score =25) to
estimate the presence of dementia in the 1,118 patients where
MMSE score was available, along the lines recommended by the

MDS Task Force."”

Assessment of depression. Assessment of depression by
means of a standardized rating scale or a standardized diagnostic
interview was performed at all centers (table 1). When rating
scales were used we applied the definition of a depressive disor-
der based on the recent recommendations.® The analyses for
presence of MCI were performed twice, once including and once

excluding patients with a depressive disorder.

Definition of MCI. A variety of standardized neuropsycho-
logical tests were used across the different centers. These tests
were allocated to 1 of the 3 cognitive domains: 1) attention/
executive function, 2) memory, or 3) visuospatial functions (ta-
ble 2). In the event several tests were used for a domain, we chose
tests with good psychometric properties, high quality of control

data or norms, and minimal missing data. The Barcelona cohort

[ Table 1 Setting and procedures of the cohorts

1

Control Assessment of
Center Setting group Cohort Dementia criteria PD criteria depression
Cambridge? Community No Prevalent DSM-IV UK-PDS BB (30) BDI
Newcastle’” Clinic Yes Cross-sectional DSM-IV + MMSE >25  UK-PDS BB MADRS
Philadelphia®  Clinic No Cross-sectional MMSE >25thage-and Research criteria3®  Semi-structured
education- adjusted interview by trained
percentile research staff
New York® Community Yes Prevalent DSM-III-R UK-PDS BB HDRS
Stavanger* Community Yes Prevalent DSM-III-R Research criteria®2  MADRS
ParkWest18 Community Yes Incident MDS Research criteria®®  MADRS
Barcelona®!®  Clinic Yes Cross-sectional DSM-1V, CDR =1 UK-PDS BB HADS
Naples Clinic Yes De novo DSM-1V and MDS UK-PDS BB and GDS-15

Gelb et al.3t

Abbreviations: BDI = Beck Depression Inventory; CDR = Clinical Dementia Rating; DSM-III-R = Diagnostic and Statistical
Manual of Mental Disorders, 3rd edition, revised; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, 4th
edition; GDS-15 = Geriatric Depression Scale, 15-item version; HADS = Hospital and Anxiety Depression Scale; HDRS =
Hamilton Depression Rating Scale; MADRS = Montgomery and Asberg Depression Rating Scale; MDS = Movement Disor-
ders Society Task Force Parkinson disease dementia criteria'?;, PD = Parkinson disease; UK-PDS BB = UK Parkinson's
Disease Society Brain Bank criteria.3®
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[ Table 2

Cohort

Stavanger
ParkWest
Cambridge

Newcastle

New York

Overview of cognitive tests used to assess 3 cognitive domains

Memory

Verbal memory
DRS: memory

CVLT-Il: immediate and
delayed recall

CDR: delayed word
recognition

SRT: total immediate
and delayed recall,
delayed recognition

Visual memory

BVRT

CANTAB: pattern and spatial
recognition memory

CDR: delayed picture
recognition

BVRT

Executive/attention

DRS attention, initiation,?
Stroop?®

Serial 7s, Stroop,? fluency:

phonetic + semantic?

Fluency?: phonemic and

semantic Tower of London?®

CDR®: digit vigilance,

simple and choice reaction

time

Cancellation test® (time,
omissions), fluency?
(phonemic and semantic),

Visuospatial

JOLOT

VOSP: cube +
silhouette

Intersecting
pentagons

JOLOT

Rosen construction,
Benton test
matching

Philadelphia HVLT: immediate total —
and delayed recall

Barcelona DRS: memory, PD-CRS: —
immediate and delayed
recall
Naples RAVLT: immediate + Rey-Osterrieth figure recall

delayed recall

similarities®

Fluency?: phonemic and —
semantic, Stroop,® Tower
of London,? digit span®

DRS?: attention, initiation; DRS: construction;
PD-CRS?: fluency, PD-CRS: copying
sustained attention, clock

working memory

Rey-Osterrieth
copy, JOLOT

Stroop,? Corsi block span,®
fluency? (phonemic and
semantic Trail-Making
Test®, verbal span®)

Abbreviations: BVRTr/m = Benton Visual Retention Test retention/matching; CAMCOG = the cognitive and self-contained
part of the Cambridge Examination for Mental Disorders of the Elderly; CANTAB = Cambridge Neuropsychological Auto-
mated Testing Battery; CDR = Cognitive Drug Research; CVLT-2 = California Verbal Learning Test Il; DRS = Dementia
Rating Scale; HVLT = Hopkins Verbal Learning Test; JOLOT = Judgment of Line Orientation Test; PD-CRS = Parkinson's
Disease Cognitive Rating Scale; RAVLT = Rey Auditory Verbal Learning Test; SRT = Selective Reminding Test; VOSP =

Visual Object Space Perception Test.
2 Executive functioning subdomain.
b Attention subdomain.

was assessed using 2 cognitive screening batteries which provide
subscores for different cognitive domains: Dementia Rating
Scale'” and Parkinson’s Disease Cognitive Rating Scale (PD-
CRS).> Not all patients had tests assessing each domain; all of
them, however, had data on at least 2 domains. The number of
patients with data available for each domain were 1,341 (mem-
ory), 1,329 (attention/executive), and 1,141 (visuospatial).

The definition for cognitive impairment was based on per-
formance in the 3 cognitive domains. For this purpose Z scores
were calculated for each cognitive domain using the raw data
provided by each site. The cognitive domain Z scores were the
average Z scores of the tests included in that domain. For data-
sets with control groups, the Z scores for each test were calcu-
lated based on control group performance. In order to adjust for
age, education, and sex of the individual patient, a multiple re-
gression analysis was performed in the control group, employing
the domain Z scores as dependent variables and age, sex, and
education as independent variables as previously reported.'® The
resulting intercept and regression weights were then used to cal-
culate expected cognitive domain scores for each patient and
control. For datasets or individual tests lacking control data,
published normative data were used to calculate Z scores, cor-
recting for age and education where possible.

Patients with PD were classified as having MCI if the differ-
ence between the actual cognitive domain Z score and the ex-
pected score on at least 1 out of 3 cognitive domains was below
—1.5 (i.e., similar to a score 1.5 standard deviations below the
population mean) based on the comparison between patients

and controls at each site.!® Subjects with MCI were further clas-

Neurology 75  September 21, 2010

sified into 1 of the following 4 subtypes using a previously pro-
posed algorithm': 1) amnestic single-domain MCI (aMCI-SD);
2) amnestic multiple-domain MCI (aMCI-MD); 3) nonamnes-
tic single-domain MCI (naMCI-SD); or 4) nonamnestic
multiple-domain MCI (naMCI-MD).

Tests used to nominally assess attention or executive func-
tions were merged for the purpose of this analysis, as some of the
tests used either to assess attention or executive functions overlap
in terms of the basic cognitive processes they involve. In addi-
tion, by increasing the number of tests in each domain, the reli-
ability of the results for that domain increases. In an attempt to
separate core attentional functions from the more complex exec-
utive functions, we also performed an additional analysis in
which tests were allocated to one or the other function based
on their face validity. Not all patients, however, had data on
attention and executive function tests; therefore these suba-
nalyses were performed in 691 and 1,229 patients. In case
more than one test was performed, mean Z scores were calcu-
lated, yielding mean age- and education-corrected Z scores

for these subdomains.

Statistical analyses. Analyses were performed to calculate the
proportion of patients with impairment in any cognitive domain,
including 95% confidence intervals (CIs), using Vassar online pro-
gram (http://faculty.vassar.edu/lowry/VassarStats.html). Compari-
sons between cohorts from different centers were made using
one-way analysis of variance, Kruskal-Wallis, or x> tests as ap-
propriate. To identify clinical correlates of MCI, between-group
comparisons were made using Student ¢ test or x> test. Variables

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



[ Table 3

Frequency of MCl and other characteristics in study cohorts?®

% Age, UPDRS L-DOPA Dopamine Antidepressants, Antipsychotics, %
Cohort No. Male vy Duration MMSE il dose agonist, % % % MCI 95% CI
Cambridge 414 647 655 58 28.4 21.7 413 54.6 13.8 2.2 30.0 25.7-345
Newcastle 109 600 70.2 7.1 271 17.8 322 23.9 24.6 0 294 216-38.5
Philadelphia 170 644 635 7.7 29.1 20.5 467 52.9 31.2 1.2 247 18.8-31.7
New York 173 468 744 6.8 ND 25.0 359 27.2 9.8 1.7 21.4 159-28.1
Stavanger 71 465 713 117 28.7 214 672 18.8 153 (0] 394 289-511
ParkWest 196 58.7 676 2.3 27.9 22.8 0 0 122 0 189 14.0-249
Barcelona 157 595 686 7.4 28.1 22.0 712 62.0 20.2 3.8 19.7 14.3-26.7
Naples 56 554 593 1.5 27.4 14.8 0 0 0 0 286 184-415
All 1,346 598 67.5 6.1 28.2 21.6 457 37.1 171 1.6 258 23.5-28.29
Abbreviations: Cl = confidence interval; MCl = mild cognitive impairment; MMSE = Mini-Mental State Examination; UPDRS Il = Unified Parkinson's

Disease Rating Scale, motor subscale.
@ Numbers represent means if not otherwise stated.

that were significantly associated with MCI in the bivariate
analysis were included in a subsequent multivariate logistic
regression model, using the presence of MCI as the depen-
dent variable and Unified Parkinson’s Disease Rating Scale
(UPDRS) motor score, center, depression, gender, and age as
independent variables. To explore the potential effect of at-
tentional impairment on memory we ran 2 multivariate linear
regression models with memory Z score as the dependent
variable. In the first model, only group was included as inde-
pendent variable, and in the second model, attention/execu-
tive Z score was entered first and then followed by group.
SPSS version 15.0 was used for these analyses and p < 0.05
was considered statistically significant.

RESULTS Frequency and profile of MCI. A total of
1,346 patients without dementia were included in
the analysis. The characteristics of the cohorts are
shown in table 3. A total of 347 patients (25.8%
[95% CI 23.5-28.2]) were classified as having MCI.
The proportion of patients with MCI differed be-
tween centers (x* = 21.4 [df = 7], p = 0.003), even
after adjusting for UPDRS motor score and disease
duration in a logistic regression analysis (» = 0.007).
The lowest proportion was found in the incident,
unmedicated, community-based cohort (18.9%;
14.0-24.9), and the highest proportion was found in
a prevalence-cohort with advanced PD (39.4%;
28.9-51.1) (table 3).

Among the 3 cognitive domains, memory impair-
ment was the most common deficit (13.3%; 11.6—
15.3), followed by visuospatial impairment (11.0%;
9.4-13.0) and then attention/executive function im-
pairment (10.1%; 8.6—11.9). Impairment in only 1
of the 3 domains occurred in 19.5% (17.4-21.7) of
patients, 5.4% (4.3—6.8) had impairment in 2 do-
mains, and 0.9% (0.5-1.6) in all 3 domains. The
mean Z scores at each center are shown in table e-1
on the Neum/ogy® Web site at www.neurology.org.
With regard to the MCI subtypes, 152 (11.3%; 9.7—
13.1) had naMCI-SD, 112 (8.9%; 7.0-9.9) had

aMCI-SD, 65 (4.8%; 3.8—6.1) aMCI-MD, and 18
(1.3%; 0.9-2.1) had naMCI-MD. Although mem-
ory was the most commonly affected single domain,
naMCI-SD was more common than aMCI-SD.
Among the 152 subjects with naMCI-SD, 79
(52.0%) had attention/executive function impair-
ment, and 54.8% (51 of 93 with visuospatial testing)
had visuospatial impairment.

The separate analysis of attention and executive
functions revealed that 9.6% and 9.4% of patients
had impaired attentional and executive function
scores, with a more impaired executive score (mean Z
score —0.24, SD 0.8) compared to attention score
(—0.04, 1.1) (r = —4.3, df 581, p < 0.0005). Al-
though there was a correlation between memory and
attention/executive function Z scores (r = 0.36, p <
0.0005), in a linear regression analysis an effect of
group (i.e., PD vs NC) on memory performance was
still evident after controlling for attention/executive
function Z score in the model (p < 0.0005).

Using the arbitrary definition of MMSE score
=25 as the criterion to exclude patients with possible
dementia, 25.3% (95% CI; 22.9-27.9) of remaining
patients were classified as having MCI, a figure very
similar to the main analysis. The proportion with
MCI differed between the centers (x* = 21.4, df =
6, p = 0.002) also in this analysis.

Correlates of MCI. Comparing patients with and
without MCI, we found that MCI was associated
with increasing age at the time of assessment and at
disease onset, increasing duration of disease, severity
of motor symptoms and disease stage, presence of
depression, and lower proportion of dopamine ago-
nist use (table 4). Within the MCI subtypes, there
were no gender or age differences, whereas those with
amnestic and nonamnestic multiple-domain MCI
had more severe motor symptoms than those with
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Table 4 Clinical and demographic
characteristics of patients with and

without MCI?
MCI No MCI P

Age 69.6 (8.6) 66.8(10.5) <0.0005
MMSE 27.3(2.3) 28.6(1.7) <0.0005
Age at onset 62.0(9.9) 59.7(11.2) 0.002
Disease duration  6.8(5.3) 5.9(4.8) 0.002
UPDRS motor 25.7(13.7) 20.1(11.1) <0.0005
Hoehn & Yahr 21(0.8) 1.0(0.7) <0.0005
Gender 0.09

Male 63.7 58.6

Female 36.3 41.4
Depression 17.9 9.7 <0.0005
L-DOPA dose 484 (354) 448(375) 0.17
Dopamine agonist  38.5 33.6 0.017
Anti-depressant 20.2 16.6 0.4

Abbreviations: MCI = mild cognitive impairment; MMSE =
Mini-Mental State Examination; UPDRS = Unified Parkin-
son's Disease Rating Scale.

2 Numbers represent mean (SD) or %.

single-domain MCI (1-way analysis of variance: F =
6.5, p < 0.0005).

In the logistic regression analyses, UPDRS motor
score (p < 0.0005), center (p = 0.009), depression
(p = 0.023), gender (p < 0.05), and age (p <
0.0005) remained independently associated with
MCI, whereas the effects of use of dopamine agonists
did not reach significance. Using Hoehn & Yahr
stage instead of total UPDRS motor score as a mea-
sure of disease severity, Hoehn & Yahr was still sig-
nificantly associated with MCI. Similarly, when age
was replaced with age at onset, it was also signifi-
cantly associated with MCI. However, when age was
replaced by duration of disease, it was not signifi-
cantly associated with MCI.

DISCUSSION This analysis of a large database pooled
from 8 different cohorts revealed that approximately
one-quarter of patients with PD without dementia have
impairment in at least 1 cognitive domain, defined as
1.5 times worse performance on Z scores, as compared
to controls or normative data. Given the increased risk
for more rapid cognitive decline and dementia in pa-
tients with PD with MCI, this finding highlights the
importance of careful monitoring of cognitive functions
in patients without dementia.

There were differences in the frequency of MCI
across the centers, even after adjusting for possible
confounders. Along with differences in methodology
and the sensitivity of individual neuropsychological
tests used, these differences may also be due to varia-
tions in patient populations: for instance, the lowest

Neurology 75 September 21, 2010

prevalence of MCI was found in the incident, un-
medicated, community-based cohort (18.9%),
which probably represents patients in the earliest
stages of the disease.

The most common MCI subtype was nonamnes-
tic, single-domain MCI (11.3%), followed by am-
nestic single-domain MCI (8.9%). However, across
the different types of MCI, memory was the most
commonly impaired domain (13.3%); Thus, mem-
ory impairment represents an important aspect of the
early cognitive syndrome in PD, consistent with pre-
vious findings in patients with PD with dementia
and in patients with PD without dementia.

The mechanism of the memory impairment (lim-
bic type storage failure vs retrieval deficits) cannot be
discerned from the current data. As has previously

been pointed out,?*?!

part of the memory impair-
ment in PD may be secondary to impaired attention
and executive dysfunction, although recent studies
suggest that memory encoding may also be impaired
in PD.?223 Qur analyses also confirmed memory was
still impaired in PD even after adjusting for the effect
of impaired attention/executive functioning. Impair-
ment in attention/executive functions has been de-
scribed to constitute one of the core impaired
cognitive domains in the previous studies, as was the
case also in this study. The separate analysis of atten-
tion and executive functions revealed that simpler at-
tentional measures are relatively less impaired
compared with more complex executive functions.

It has been recently suggested that frontal execu-
tive and posterior cortical cognitive syndromes in PD
can be separable in terms of both their genetic basis
and relationship to development of dementia.> The
present results showed that impairment in atten-
tional/executive tasks may not always be the predomi-
nant deficit in PD-MCI, highlighting the importance
for future interventional studies to select instruments
which adequately explore also posterior cortical
functions.?

MCI was significantly and independently associ-
ated with older age at assessment and disease onset,
longer disease duration, more severe motor symp-
toms, more advanced disease stage, and lower overall
cognition. Depression is common in PD, and de-
pressed patients with PD have more cognitive im-
pairment than nondepressed patients.”> We also
found that MCI was more common in depressed
than nondepressed patients; the overall frequency of
depression in both populations was, however, rela-
tively low, suggesting that overall depression is not a
major contributor to MCI in PD.

There are several limitations to our study. Dopa-
minergic drugs may affect cognitive functioning;
only 2 of the cohorts in this analysis included un-

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



medicated, de novo patients. However, the propor-
tion with MCI in these 2 cohorts did not differ from
the frequency in some of the cohorts which received
dopaminergic medications. Second, the recruitment
base and method were not homogeneous across the
centers. The pooled cohort thus included patients
without dementia at various stages of the disease, as
well as prevalent and incident cohorts. On the other
hand, inclusion of different cohorts in the analysis
also constituted an advantage, as it allowed for the
evaluation of a broader spectrum of patients without
dementia.

Third, different criteria for dementia were used
across the various centers. As the proportion with
MCI is influenced by the definition of dementia, a
broader definition might include some patients in
the more severe end of MCI being classified as de-
mentia, whereas a more restrictive definition may
leave these patients in the MCI group. We attempted
to deal with this ambiguity by also using an arbitrary,
yet uniform, criterion for dementia (i.e., MMSE
score =25). In this subanalysis the proportion of pa-
tients with MCI was similar to the results of the main
analysis, suggesting that the use of different dementia
criteria did not meaningfully influence the results.
Finally, the MCI definition used in this study was
based entirely on cognitive testing. The original MCI
definition requires presence of subjective cognitive
complaints (preferably corroborated by a third
party), objective evidence of impaired test perfor-
mance, and lack of significant functional impair-
ment.?° Identifying reliable subjective cognitive
impairment in patients with PD without dementia,
however, has proven to be difficult. Studies exploring
this feature have found both overreporting (i.e., pa-
tients with normal test scores reporting subjective
impairment) and underreporting (i.e., patients with
impaired scores reporting normal cognition).!®?
Hence, the presence or absence of subjective cogni-
tive complaints was not included as part of the MCI
definition in this analysis, also due to the lack of any
universally accepted criteria for MCI in PD.

Since different tests were used in different co-
horts, they were allocated to 3 broad cognitive do-
mains and Z scores were calculated. This enabled us
to combine data from different studies and explore
main cognitive functions in a large sample size. With
this approach, however, it was not possible to explore
individual cognitive mechanisms (such as the mecha-
nism of memory impairment) in more detail. An-
other shortcoming is a certain amount of missing
data, particularly for the visuospatial assessment.
This might have influenced our findings to some ex-
tent, in that MCI diagnosis might have changed
from single to multiple domains or even from a nor-

mal control to a single-domain MCI in some patients
if more data were included.

There is a need to define standardized diagnostic
criteria for MCI in PD, and future studies should
further explore whether different subtypes of MCI
have different underlying pathologies and risk for
progression to dementia. Most importantly, since
drug treatment can improve cognition in dementia
associated with PD,?»? clinical trials to explore
whether these or other medications might improve
cognitive deficits or delay the progression from MCI
to dementia in PD are now a priority.
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Classification scheme requirements for therapeutic questions

("Class |, A rando mized, controlled clinical trial of the intervention of interest )
with masked or objective outcome assessment, in a representative
population, Relevant baseline characteristics are presented and substantially
equivalent among treatment groups or there is appropriate statistical

\ 2djustment for differences. v
P
ﬁ:hu Il. A randomized, controlled clinical trial of the intervention of interest\
ina representative population with masked or objective outcome
assessment that lacks one criterion a-e in Class | or a prospective matched
cohort study with masked or objective outcome assessmentina
representative population that meets b-e in Class |, Relevant baseline
characteristics are presented and substantially equivalent among treatment

: groups or there is appropriate statistical adjustment for differences. :

Class 111, All other controlled trials (including well-defined natural history
controls or patients serving as their own controls) in a representative
population, where outcome is independently assessed, or independently
derived by objective outcome measurements.

Class IV, Studies not meeting Class |, I, or lll criteria including consensus or
expert opinion.

AAN classification of recommendations

A = Established as effective, ineffective, or harmful (or established )
as useful/predictive or not useful/predictive) for the given condition
inthe specified population. (Level A rating requires at least two
consistent Class | studies.)

B = Probably effective, ineffective, or harmful (or probably
useful/predictive or not useful/predictive) for the given condition in
the specified population. (Level B rating requires at least one Class|
study or two consistent Class |l studies. )

: C = Possibly effective, ineffective, or harmful (or possibly :
useful/predictive or not useful/predictive) for the given condition in

the specified population. (Level C rating requires at least one Class ||
study or two consistent Class |1l studies,)

U = Data inadequate or conflicting; given current knowledge,

T A,

treatment (test, predictor) is unproven.
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