Received: 27 January 2021 Revised: 18 March 2021 Accepted: 18 March 2021 Published online: 1 September 2021

DOI: 10.1002/dad2.12223

Diagnosis, Assessment

RESEARCH ARTICLE Disease Monitoring

Cognitive profiles of patients with mild cognitive impairment
due to Alzheimer’s versus Parkinson’s disease defined using a
base rate approach: Implications for neuropsychological
assessments

AnjaOphey® | Steffen Wolfsgruber?® | SandraRoeske?® | AlexandraPolcher?® |
Annika Spottke®* | LutzFrélich® | MichaelHull® | FrankJessen’ |
Johannes Kornhuber® | Wolfgang Maier’ | Oliver Peters!® | Alfredo Ramirez>3'! |

Jens Wiltfang'>'® | Inga Liepelt-Scarfone'*>%¢ | SaraBecker'*#'> | DanielaBerg'4'’ |
Jorg B.Schulz'®'® | Kathrin Reetz'®'? | Jennifer Wojtala'®'? | JanKassubek?® |

Alexander Storch?! | MonikaBalzer-Geldsetzer?? | Rudiger Hilker-Roggendorf?® |
Karsten Witt>* | Brit Mollenhauer® | Claudia Trenkwalder? |

Hans-Ullrich Wittchen?® | Oliver Riedel?” | Richard Dodel?®?° | Michael Wagner?® |
Elke Kalbe'!

1 Department of Medical Psychology, Neuropsychology & Gender Studies; Center for Neuropsychological Diagnostics and Intervention (CeNDI), Faculty of Medicine
and University Hospital Cologne, University of Cologne, Cologne, Germany

2 Department of Neurodegenerative Diseases and Gerontopsychiatry, University Hospital of Bonn, University of Bonn, Bonn, Germany

3 German Center for Neurodegenerative Diseases (DZNE), Bonn, Germany

4 Department of Neurology, University Hospital of Bonn, University of Bonn, Bonn, Germany

5 Department of Geriatric Psychiatry, Central Institute of Mental Health, Medical Faculty Mannheim, University of Heidelberg, Heidelberg, Germany
6 Emmendingen Center for Psychiatry and Department of Psychiatry and Psychotherapy, University of Freiburg, Emmendingen, Germany

7 Department of Psychiatry and Psychotherapy, Faculty of Medicine and University Hospital Cologne, University of Cologne, Cologne, Germany

8 Department of Psychiatry and Psychotherapy, University Erlangen, Erlangen, Germany

? Department of Psychiatry, University Hospital of Bonn, University of Bonn, Bonn, Germany

10 Department of Psychiatry, Charité - Universitatsmedizin Berlin, Berlin, Germany

11 Division of Neurogenetics and Molecular Psychiatry, Department of Psychiatry, Faculty of Medicine and University Hospital Cologne, University of Cologne,
Cologne, Germany

12 Clinic for Psychiatry and Psychotherapy, University Medical Center Goéttingen, Gottingen, Germany

13 German Center for Neurodegenerative Diseases (DZNE), Géttingen, Germany

14 Hertie Institute for Clinical Brain Research Department of Neurodegenerative Diseases, Tiibingen, Germany
15 German Center for Neurodegenerative Diseases (DZNE), Tiibingen, Germany

16 |B-Hochschule fiir Gesundheit und Soziales, Stuttgart, Germany

17 Department of Neurology, Christian-Albrechts-University of Kiel, Kiel, Germany

18 Department of Neurology, RWTH Aachen University, Aachen, Germany

19 JARA-BRAIN Institute Molecular Neuroscience and Neuroimaging, Forschungszentrum Jiilich GmbH and RWTH Aachen University, Aachen, Germany

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. Alzheimer’s & Dementia: Diagnosis, Assessment & Disease Monitoring published by Wiley Periodicals, LLC on behalf of Alzheimer’s Association

Alzheimer’s Dement. 2021;13:e12223. wileyonlinelibrary.com/journal/dad2 | 1of12
https://doi.org/10.1002/dad2.12223


http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/dad2
https://doi.org/10.1002/dad2.12223

20f12 Diagnosis, Assessment

OPHEY ET AL.

Disease Monitoring

20 Department of Neurology, University of Ulm, Ulm, Germany

21 Department of Neurology, University of Rostock and German Center for Neurodegenerative Diseases (DZNE), Rostock, Germany

22 Ethikkommission, Ludwig-Maximilians-Universitat Miinchen, Miinchen, Germany

23 Department of Neurology, Klinikum Vest, Recklinghausen, Germany

24 Department of Neurology and Research Centre of Neurosensory Sciences, Carl von Ossietzky University, Oldenburg, Germany

25 paracelsus-Elena Klinik, Kassel, Department of Neurosurgery, University Medical Center, Goettingen, Kassel, Germany

26 Department of Psychiatry & Psychotherapy, University Hospital Munich, Ludwig-Maximilians-University Munich, Munich, Germany

27 Department of Clinical Epidemiology, Leibniz Institute for Prevention Research and Epidemiology - BIPS, AchterstraBe 30, Bremen, Germany

28 Department of Neurology, Philipps University Marburg, BaldingerstraRe, Marburg, Germany

29 Department of Geriatric Medicine, University Hospital Essen, Essen, Germany

Correspondence

Elke Kalbe, Kerpener Str. 68,50937 Cologne,
Germany.

E-mail: elke.kalbe@uk-koeln.de

Anja Ophey and Steffen Wolfsgruber share
first authorship.

Michael Wagner and Elke Kalbe share senior
authorship.

Fundinginformation

German Federal Ministry of Education and
Research, Grant/Award Numbers: 01G10420,
01GI1008C; International Parkinson Fonds
(Deutschland)

1 [ INTRODUCTION

Abstract

Introduction: Large studies on cognitive profiles of patients with mild cognitive impair-
ment (MCI) due to Alzheimer’s disease (AD-MCI) compared to Parkinson’s disease (PD-
MCI) arerare.

Methods: Data from two multicenter cohort studies in AD and PD were merged using
a unified base rate approach for the MCI diagnosis. Cognitive profiles were compared
using scores derived from the Consortium to Establish a Registry for Alzheimer’s Dis-
ease battery.

Results: Patients with AD-MCI showed lower standardized scores on all memory test
scores and a language test. Patients with PD-MCI showed lower standardized scores in
a set-shifting measure as an executive task. A cross-validated logistic regression with
test scores as predictors was able to classify 72% of patients correctly to AD-MCI ver-
sus PD-MCI.

Discussion: The applied test battery successfully discriminated between AD-MCI and
PD-MCI. Neuropsychological test batteries in clinical practice should always include a

broad spectrum of cognitive domains to capture any cognitive changes.

KEYWORDS
Alzheimer’s disease, Consortium to establish a registry for Alzheimer’s disease test battery,
cognitive profiles, mild cognitive impairment, neuropsychological assessment, Parkinson’s disease

“Alzheimer-typical” pattern, associated with prominent amnestic dys-

functions, and possibly associated with a higher risk of the progression

Cognitive decline is common in both Alzheimer’s disease (AD)! and
Parkinson’s disease (PD),? representing the two most frequently occur-
ring neurodegenerative disorders associated with older age. Sev-
eral studies have revealed differential patterns of cognitive deficits
between patients with AD compared to patients with PD, which is
thought to reflect differential neuropathological processes. Memory
deficits rather depend on cortical dysfunctions, which are typically
associated with the AD pathology,® whereas fronto-striatal dysfunc-
tions resulting in the impairment of executive function, working mem-
ory, and attention rather depend on dopaminergic imbalances, which
are typically associated with PD.*° However, according to the dual syn-
drome hypothesis regarding cognitive impairment in PD,*° cognitive
deficits in PD are highly heterogeneous. Some patients may display an

of cognitive decline to dementia.®

To date, only a few studies have provided direct comparisons
between AD and PD samples across different levels of cognitive
impairment.”~13 Overall, the expected cognitive patterns have been
confirmed, with more severe levels of cognitive impairment identified
in AD compared to PD, and memory and language deficits were par-
ticularly more pronounced in patients with AD compared to those in
patients with PD. In PD, the observed deficits were more severe in
executive, attentional, and visuo-cognitive tasks.” 13 One limitation of
these prior publications has been the rarity of biomarker-based etio-
logical AD diagnoses. Furthermore, existing studies comparing the two
etiologies during the mild cognitive impairment (MCI) stage (AD-MCI

vs. PD-MCI) have been based on relatively small or strongly imbalanced
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sample sizes.22~13 Particularly, the PD-MCI samples tended to be very
small (13 < n < 41).11713 Another limitation associated with existing
comparisons during the MCl stage has been the use of inhomogeneous
MCI criteria across AD-MCI and PD-MCI samples within one study;?
for example, differences in the cutoff scores applied for impaired cogni-
tive test performance (e.g., < —1 standard deviation [SD] vs. < —1.5 SD)
and differences in the numbers of impaired tests required to diagnose
objective cognitive impairment (e.g., 2 vs. 1) have been reported. There-
fore, the observed differences might be at least partially due to diver-
gent MCl criteria rather than differences in etiologies.

One method for overcoming this problem may be the application of
a base rate approach to the neuropsychological definition of MCI.14-1?
This approach recognizes that cognitive variability among healthy
older adults canresult in low test scores when multiple tests are admin-
istered, even in the absence of any clinically relevant objective cogni-
tive impairment.’* The most common base rate approach described in
the literature is to diagnose MCI, when the number of cognitive tests
on which impaired performance is shown equals or exceeds the num-
ber of cognitive tests on which impaired performance is shown by the
worst-performing 10% of a non-impaired control group, as defined by
established diagnostic criteria.'*~1? So far, to the authors’ best knowl-
edge, the base rate approach has only been applied in the AD context
but has never been used across different etiologies.

Differential cognitive profiles associated with the two different
etiologies might strongly influence diagnostic accuracy when apply-
ing neuropsychological screening instruments or test batteries. For
example, the well-established Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD) test battery?® may fail to capture rele-
vant changes in PD-specific fronto-striatal cognitive functions. Those
functions tend to be underrepresented in the CERAD test battery,
which features a substantial majority of subscores designed to repre-
sent amnestic functions (e.g., Word List Learning, Recall, and Recog-
nition; Figure Recall and Savings). In German-speaking countries, the
augmentation of the original CERAD test battery?® has been sug-
gested through the inclusion of additional subtests designed to assess
processing speed and executive functions. The resulting CERAD-Plus
test battery?22 has been demonstrated to display strongly improved
diagnostic accuracy for identifying dementia associated with non-
AD etiologies.?! By gauging detailed cognitive profiles obtained from
broad neuropsychological test batteries, clinicians are better able to
draw inferences regarding the underlying etiologies and accelerate the
diagnostic workflow during the crucial MCl state.

Therefore, our aim was to outline the cognitive profiles of patients
with AD-MCI and PD-MCI in a large dataset and examine the diag-
nostic utility of different tests derived from the CERAD-Plus2°-22 to
differentiate between the two diagnoses. The baseline data from two
large, prospective, multicenter observational cohort studies, the Ger-
man Dementia Competence Network (DCN)22 study and the Demen-
tia and Parkinson’s Disease (DEMPARK) consortium’'s LANDSCAPE
study,2* were merged using a base rate approach for the neuropsy-
chological MCl diagnosis. Based on existing evidence, we hypothesize a
higher severity of memory and language deficits in the AD-MCl sample

compared to the PD-MCI sample, whereas patients with PD-MCI are

Disease Monitoring

RESEARCH IN CONTEXT

1. Systematic review: We reviewed the literature using
common online databases to identify previous publica-
tions about cognitive profiles in patients with Alzheimer’s
disease-mild cognitive impairment (AD-MCI) and Parkin-
son’s disease-MCI (PD-MCI). Several studies were based
on rather small and/or strongly imbalanced sample
sizes. Furthermore, partially inhomogeneous MCl criteria
across AD-MCI and PD-MCl samples were applied.

2. Interpretation: Using a unified base rate approach, we
merged data from two multicenter cohort studies and
compared cognitive profiles between AD-MCI and PD-
MCI. The applied test battery successfully discrimi-
nated between AD-MCI and PD-MCI. Patients with AD-
MCI were more impaired in measures of memory and
language, whereas patients with PD-MCI were more
impaired in a measure of executive functions.

3. Future directions: Only an elaborate neuropsychological
assessment will be able to accelerate the diagnostic
workflow in the crucial MCl state in clinical practice. Indi-
vidualized and disease-specific treatment approaches to
promote precision medicine approaches in prevention

and therapy of cognitive decline should be developed.

expected to be more impaired in executive tasks. Consequently, deficits
in these respective domains should be more predictive for the corre-

sponding diagnoses.

2 | METHODS

2.1 | Patients

Baseline data of patients with AD-MCI were obtained from the DCN
study,?® which recruited participants from 14 specialized outpatient
memory clinics of university hospitals across Germany between 2003
and 2007. Data of patients with PD-MCI were drawn from the DEM-
PARK/LANDSCAPE study,2* which recruited participants from nine
specialized outpatient movement disorder centers across Germany
between 2009 and 2013. Figure 1 visualizes the participant selection
process from the original studies to the final AD-MCl and PD-MCl sam-
ple evaluated for the present profile comparison.

2.1.1 | Dementia Competence Network

The general inclusion and exclusion criteria for participation in the
DCN study have previously been reported in detail.2®> At baseline,
n = 813 patients with MCl were included in the study. The clinical MCI
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Dementia Competence Network (DCN) Study LANDSCAPE Study
e 14 outpatient memory clinics of .

university hospitals across Germany across Germany
e 2003 - 2007 e 2009 -2013

9 outpatient movement disorder centres

FIGURE 1 Participant selection process
from the original studies to the final
Alzheimer’s disase-mild cognitive impairment
(AD-MCI) and Parkinson’s diease-MClI
(PD-MCI) sample evaluated for the present
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profile comparison

AD-MCI Winblad et al. (2004)

n=813 n=314
(i) subjective self- and/or informant- (i)

reported cognitive decline dysfunctions
(ii) no or only minor instrumental (ii)

activities of daily living impairment
(Bayer Activities of Daily Living
Scale score <4) (iii)
(iii) impaired test performance at
<-1SD below published normative
data in at least one test of the
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history

PD-MCI Petersen et al. (2004)

subjective self-reported cognitive

no significant impairment in activities
of daily living according to medical

impaired test performance at
<-1.5SD below published normative
data in at least one test of the
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n =685 excluded AD-MCI PD-MCI
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e negative AD
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according to the l i
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e incomplete Base Rate Approach
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without relevant neurological diseases
from the DCN study
n=25 / N
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< 2 cognitive ,/’/
tests impaired 14 AD-MCI PD-MCI
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<-1.58D

diagnosis was performed according to established diagnostic criteria
at the time of study design, as proposed by Winblad et al.2°: (1) self-
reported or informant-reported subjective cognitive decline, accord-
ing to medical history; (2) no or only minor instrumental activities of
daily livingimpairment (Bayer Activities of Daily Living Scale score < 4);
and (3) evidence of objective cognitive impairment, operationalized by
impaired test performance (< -1 SD below published normative data)
in at least one test of the investigated domains (verbal learning and
memory, nonverbal learning and memory, word fluency, naming, visuo-
construction, cognitive speed, and executive function). For the present
profile comparison, we used a subsample of the DCN patients with MCI
and both with (1) complete neuropsychological data from the CERAD

2022 3nd (2) a biomarker-based etiological diagnosis of

test battery
underlying AD, based on the ratio of cerebrospinal fluid (CSF) amyloid
beta (AB) 1-42 (AB42) to CSF tau as proposed by the formula of Hul-
staert et al.2® These criteria resulted in a subsample of n = 128 patients
from the DCN study with AD-MCI, which was further reduced after

unification of MCl criteria across the two datasets as described below.

2.1.2 | DEMPARK/LANDSCAPE

The general inclusion and exclusion criteria for participation in the
DEMPARK/LANDSCAPE study have previously been reported in

i
I
v
n =2 excluded

e incomplete
CERAD

n=176
excluded

tests impaired
at a cut-off of
<-1.5SD

T 1
| |
‘ |
| |
A <2 cognitive I
! |
! |
I
| |
‘ |
! |
! |

detail.2* At baseline, n = 314 patients with MCI were included in
the study. Patients were diagnosed with “idiopathic PD” according
to the UK Parkinson’s Disease Society Brain Bank clinical diagnos-
tic criteria.2” The diagnosis of PD-MCI was performed according to
the established MCI criteria available at the time of study design, as
proposed by Petersen:2® (1) self-reported subjective cognitive dys-
functions, according to medical history; (2) no significant impairment
in activities of daily living, according to medical history; and (3) evi-
dence of objective cognitive impairment, operationalized by impaired
test performance (< —1.5 SD below published normative data) in at
least one test of the investigated domains (memory, executive function,
attention, visuospatial functions, and language). For the present profile
comparison, we used a subsample of DEMPARK/LANDSCAPE patients
with PD-MCI. After imputing Trail Making Test (TMT) data for at least
one of the subtests’ for 5.7% of patients with PD-MCI, the subsample
from the DEMPARK/LANDSCAPE study consisted of n = 312 patients
with PD-MCI, which was further reduced after unification of MCI cri-

teria as described below.

" We had to cope with several missing values in the Trail Making Test (TMT) A and B. As
described by Schmid et al, 14 severely cognitively impaired patients did not complete the TMT
subtests. Therefore, we substituted missing values for the TMT-A and TMT-B using the lowest
possible value (TMT-A: 180 seconds, TMT-B: 300 seconds) to ensure a non-random penalty for
the non-completion of these subtests.
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2.2 | Clinical and neuropsychological assessment TABLE 1 Baserates of low test scores for two different cutoff
scores in healthy controls

The details regarding the diagnostic procedures of the DCN22 and the z<-10 z<-15
DEMPARK/LANDSCAPE study?* have been described previously. For N GrEaT I % % % %
both studies, in addition to other tests, the CERAD test battery20-22 8 0.9 0.9 0 0
extended by TMT-A and TMT-B was applied, resulting in 12 test scores

) ) i i 7 2.1 30 0.4 0.4
obtained from nine tests: the Boston Naming Test (BNT), Figure Copy,
Figure Recall, Figure Savings, Word List Learning, Word List Recall, 6 34 64 0.9 13
Word List Recognition, Word List Intrusions, Animal Fluency, TMT-B/A 5 34 98 13 2.6
(TMT-B divided by TMT-A), TMT-A, and TMT-B. For the CERAD test 4 6.0 15.8 17 43
battery extended by the TMT-A and TMT-B, normative data correcting 3 77 235 5.4 9.4
for age, sex, and education were available.22 All patients were cogni- 2 17.5 41.0 10.3 19.7
tively screened using the Mini-Mental State Examination (MMSE),?? 1 229 GEBD 20.1 39.8
and an established CERAD total score, based on the formula estab- 0 36.8 100.0 60.2 1000

lished by Chandler et al.,>° was computed. Additionally, patients with
PD were screened with the Parkinson Neuropsychometric Dementia
Assessment (PANDA).3! Depressive symptoms were assessed by
the Montgomery-Asberg Depression Rating Scale (MADRS)32 in
the DCN study and the Geriatric Depression Scale (GDS)3? in the
DEMPARK/LANDSCAPE study. For patients with PD-MCI, motor
symptom severity was assessed with the Unified Parkinson’s Disease
Rating Scale Part 3 (UPDRS-3)3* and the Levodopa Equivalent Daily
Dose (LEDD) was reported. For patients with AD-MCI the biomarker
levels of CSF AB42, CSF tau, and CSF p-tauqg1 (phosphorylated tau
181) were stated.

2.3 | Definition of MCI

In the initial datasets, MCI was diagnosed according to the estab-
lished diagnostic criteria for MCI at the time of each respective study
design.2>28 However, the neuropsychological tests used, the definition
of cognitive domains considered relevant for MCI diagnosis, the cutoff
scores that were used to define impaired test performance (< -1SD vs.
< —1.5 SD), and the numbers of impaired tests that were considered
necessary to diagnose objective cognitive impairment (2 vs. 1) differed
between the two studies.

Therefore, we applied a base rate approach'*-1? to the neuropsy-
chological MCI definition. Patients were diagnosed as cognitively
impaired when the number of cognitive tests indicating impaired
performance was equal to or greater than the number of cogni-
tive tests indicating impaired performance obtained by the worst-
performing 10% of a healthy control group. The DCN study included
n = 234 healthy older adults without evidence of relevant neurological
diseases?® and with complete neuropsychological data in the CERAD
test battery;2922 this group was defined as the non-impaired control
group for the base rate approach. Twelve test scores per participant,
based on the nine tests of the CERAD test battery including TMT-A and
TMT-B, were used for the base rate analysis approach.

We compared the base rates between the two commonly applied
cutoff values for impaired test performance (< -1 SD and < —1.5 SD)
for increasing numbers of impaired tests. With > three cognitive tests
being impaired at a cutoff of < —1.5 SD below the mean of published

Note: Base rates of demographically adjusted low z-scores out of 12 CERAD-
Plus subscores for two different cutoff scores (z < -1.0 and z < —1.5) in
n = 234 healthy controls without any neurological disease from the DCN
study.

¢c% = cumulative percentage.

Abbreviations: CERAD, Consortium to Establish a Registry for Alzheimer’s
Disease; DCN, German Dementia Competence Network.

normative data, 9.4% of DCN healthy controls were still classified as
cognitively impaired. These cutoff specifications yielded the closest
results to the 10% mark'#-1? (for details, see Table 1). Using them,
n=103(80.5%) patients originally diagnosed with AD-MClandn= 136
(43.6%) patients originally diagnosed with PD-MCI were classified as
cognitively impaired. Therefore, the applied MCI criteria for inclusion
in this profile comparison included the original criteria of (1) a self-
report of cognitive dysfunctions; (2) no significant impairment in activ-
ities of daily living; and (3) evidence of objective cognitive impairment,

as determined using the described base rate approach.

2.4 | Standard protocol approvals, registrations,
and patient consents

The underlying study protocols were conducted in compliance with the
World Medical Association Declaration of Helsinki. The study proto-
col for the DCN study?® was approved by the Ethics Review Board
of the Erlangen Medical Faculty and by local ethics committees of all
participating study centers. The DEMPARK/LANDSCAPE?2* study was
approved by the Ethics Committee of Philipps University Marburg and
the local ethics committees of all participating centers. All participants
provided written informed consent for participation before the base-
line assessment of both studies.

2.5 | Statistical analysis

Statistical analyses were conducted using IBM SPSS Statistics 26 for
Mac. Prior to analyses, all test scores of the CERAD test battery, TMT-
A, TMT-B, and TMT-B/A were standardized into z-values correcting
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TABLE 2 Demographic and clinical sample characteristics
AD-MCIn=103 PD-MCln =136 Cohen’sd P
Age,y 69.54(8.33) 68.46 (7.50) 0.14 294
Education, y 12.28(3.19) 13.03(3.1¢) 0.24 .070
Sex, n (%) m 50 (48.5%) m 85 (62.5%) - .031*
f53(51.5%) f51(37.5%)
Depressive symptoms?, n (%) 44 (42.7%) 28 (20.6%) - <.001***
MADRS 7.05(5.30) - - -
GDS = 3.38(2.74) = =
CSF AB42, pg/mL 503.82(163.64) - - -
CSF tau, pg/mL 652.21(305.26) - - -
CSF p tausgs, pg/mL 89.20(36.02) - - -
LEDD, mg/Tag = 844.41(511.35) = =
UPDRS-III - 60.90 (9.20) - -
MMSE 25.91(2.72) 27.40(1.72) 0.68 <.001***
PANDA - 18.63(5.21) - -
CERAD Total 65.10(10.69) 71.44(9.36) 0.64 <.001***

Note. Data are mean (standard deviation) unless indicated otherwise. P-values of independent sample t-tests or y-tests are reported as appropriate.

Abbreviations: AD-MCI, mild cognitive impairment with probable Alzheimer’s disease; CERAD Total, Consortium to Establish a Registry for Alzheimer’s Dis-
ease total score proposed by Chandler et al. (2005), maximum score 100; CSF, cerebrospinal fluid; GDS, Geriatric Depression scale, maximum score 15, > 5
mild depressive symptoms; LEDD, Levodopa Equivalent Daily Dose; MADRS, Montgomery-Asberg Depression Rating Scale, maximum score 60, > 6 mild
depressive symptoms; MMSE, Mini-Mental State Examination maximum score 30; PANDA, Parkinson Neuropsychometric Dementia Assessment, maximum
score 30; PD-MCI, Parkinson’s Disease with mild cognitive impairment; p taug1, phosphorylated tau 181; UPDRS-III, Unified Parkinson’s Disease Rating

Scale Part 3.

2Presence of at least mild depressive symptoms as indicated by a MADRS sum score > 6 in the AD-MCl sample and a GDS score > 5 in the PD-MCl sample.

for age, sex, and education using published normative data for the
CERAD.?2 For comparisons between AD-MCI and PD-MCI, indepen-
dent samples t-tests were conducted, with group (AD-MCl vs. PD-MCI)
as the independent variable and demographic, clinical, and neuropsy-
chological data (including the 12 CERAD test scores) as dependent
variables. To ensure the normal distribution of continuous data, these
variables were previously inspected by Shapiro-Wilk tests. Cohen’s d
was reported as the effect size, indicating small (d> 0.2), moderate (d>
0.5), or strong (d> 0.8) effects. Chi-square (;{2)—tests were used to com-
pare the distributions of categorical data (sex, presence of depressive
symptoms, percentage of patients with impaired cognitive test perfor-
mance) between the AD-MCI and PD-MCl samples.

The alpha-level was set at « =.05. To counteract the problem of mul-
tiple comparisons within the CERAD test battery, the P-values of inde-
pendent samples t-tests calculated for CERAD subscores and the y2-
tests examining the incidence of impaired CERAD test performance at
< —1.5SD were corrected using the Bonferroni-Holm method.

Furthermore, to obtain a global estimate of the differences in the
cognitive profiles between AD-MCI and PD-MCI and to identify cog-
nitive tests that can predict the underlying etiological diagnosis, a
cross-validated logistic regression analysis was performed with AD-
MCI ( = 0) versus PD-MCI ( = 1) as the dependent variable, and
the z-scores of the 12 CERAD test scores as predictors. The strati-
fied 10-time repeated 10-fold cross-validation was applied to gain a
more accurate estimate of the true classification performance of the
model.

3 | RESULTS

3.1 | Demographic and clinical characteristics

Patients with AD-MCI and patients with PD-MCI did not significantly
differ in terms of age or total years of education. Whereas the sex ratio
was balanced in the AD-MCI sample, there were significantly more
men than women in the PD-MCI sample. The prevalence of depressive
symptoms according to the respective cutoff criteria for the applied
screening tools was higher among patients with AD-MCI than among
patients with PD-MCI. Compared to patients with AD-MCI, patients
with PD-MCI showed higher scores for the MMSE and CERAD total

score. For further details, see Table 2.

3.2 | Cognitive profile comparison

Descriptively, the scores for patients with AD-MCI were lower than
those for patients with PD-MCI for all subscores except for Figure
Copy, TMT-B, and TMT B/A. These differences were significant for
the BNT, with a small effect size, and for Figure Recall, Figure Sav-
ings, Word List Learning, Word List Recall, and Word List Recognition
subscores with moderate to strong effect sizes. Patients with PD-MCI
showed significantly lower standardized test scores compared to those
of patients with AD-MCI in the TMT-B/A measure, with a small effect

size. Further details can be obtained from Table 3 and Figure 2.
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TABLE 3 Performance and percentage of impaired performance at < —1.5 SD in CERAD subtests

AD-MClIn=103 PD-MCln= 136
Boston Naming Test —0.60(1.28) —-0.11(1.14)
24.3% 14.0%
Figure Copy —0.55 (1.40) -0.78(1.32)
27.2% 36.8%
Figure Recall —2.08(1.38) —-1.49(1.37)
72.8% 59.6%
Figure Savings —1.68(1.22) —-1.02(1.12)
66.0% 38.2%
Word List Learning —2.17 (1.56) —1.49(1.28)
65.0% 55.9%
Word List Recall —1.93(0.95) —1.06(1.18)
68.9% 41.2%
Word List Recognition —-1.38(1.41) —-0.72(1.26)
52.4% 34.6%
Word List Intrusions —0.94 (1.24) —0.74(1.39)
29.1% 36%
Semantic Verbal Fluency —-0.95(1.11) —0.63(0.98)
34.0% 19.1%
TMT-A —1.18(1.37) -0.97 (1.32)
35.9% 36.8%
TMT-B -1.37(0.98) —1.47(1.08)
48.5% 58.1%
TMT-B/A —0.23(1.31) —0.65(1.12)
16.5% 23.5%

Cohen’sd Pttest/?-test np? P ANCOVA

0.41 .014* 0.020 .031*
294

0.17 745 0.012 440
.708

0.43 .009** 0.021 .025*
264

0.57 <.001*** 0.036 .003**

<.001***

0.48 .002** 0.016 .053
715

0.80 <.001*** 0.097 <.001***

<.001***

0.50 .002** 0.038 .033*
.056

0.15 745 0.006 .657
715

0.31 .081 0.008 .648
.082

0.16 745 0.001 713
.893

0.10 745 0.006 657
715

0.35 043° 0.021 048°
715

Note: Data are mean (standard deviation) and percentage of patients with impaired test performance < —1.5 SD below the mean of published normative
data of the German CERAD-Plus test battery. Bonferroni-Holmes corrected P-values of independent sample t-tests with group (AD-MCI vs. PD-MCI) as
independent variable and the respective CERAD score as dependent variable and y?-tests comparing the percentage of patients with impaired cognitive test
performance between the AD-MCI and PD-MCI are reported. Due to significant group differences in global cognitive functioning assessed with the MMSE,
univariate ANCOVAs with MMSE score as covariate were conducted. Partial ? (yp?) and Bonferroni-Holmes corrected p-values are reported for the main

effect of group.

Abbreviations: AD-MCI, mild cognitive impairment with probable Alzheimer’s Disease; ANCOVA, analysis of covariance; MMSE, Mini-Mental State Exami-
nation; PD-MCI, Parkinson’s Disease with mild cognitive impairment; SD, standard deviation; TMT-A, Trail Making Test Part A; TMT-B, Trail Making Test Part

B; TMT-B/A, Trail Making Test Part B divided by Part A.

Due to significant group differences in the global cognitive scores
(MMSE and CERAD total), we exploratively investigated whether the
observed group differences between AD-MCI and PD-MCI would
persist if group comparisons were controlled for global cognition.
Univariate analyses of covariance (ANCOVAs), with the CERAD
subscores as dependent variable, group (AD-MCI vs. PD-MCI) as the
independent variable, and the MMSE score as a covariate continued to
identify significant group differences for the BNT, Figure Recall, Figure
Savings, Word List Recall, Word List Recognition, and the TMT-B/A,
similar to the uncontrolled comparison. Only Word List Learning was
no longer significantly different between groups when controlling for
global cognition.

Comparing the frequencies of patients with impaired test perfor-
mance, as defined by a performance of < —1.5 SD below the mean of
published normative data for each test score, significant differences
were only observed for Figure Savings and Word List Recall, indicat-
ing that significantly more patients with AD-MCI were impaired than
patients with PD-MCI. Further details can be obtained from Table 3.

3.3 | Logistic regression

The logistic regression analysis for predicting the etiological diag-
nosis using the 12 CERAD subscores as predictors is displayed in
Table 4. The cross-validation of the model (y2[12] = 75.50, P < .001,
R2,\‘age|kerke = 0.36) revealed a mean classification accuracy of 75.8%
in the training datasets and a 72.0% accuracy in the testing datasets.
Lower z-scores in the BNT, Word List Recall, and TMT-B tests were
significant predictors of the AD-MCI diagnosis, whereas lower z-scores
on TMT-A and TMT-B/A were significant predictors for the PD-MCI

diagnosis.

4 | DISCUSSION

The present analyses aimed to outline the differential cognitive pro-
files AD-MCI and PD-MCI using a large dataset of patients and apply-
ing a uniform MCI definition. We found that (1) patients with AD-MCI
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FIGURE 2 Standardized cognitive test performance of patients with mild cognitive impairment (MCI) due to Alzheimer’s disease (AD-MCI,

n = 103) versus MClI due to Parkinson’s disease (PD-MCI,n = 136)

TABLE 4 Logisticregression analyses to predict the MCI
underlying diagnosis (AD vs. PD)
Predictor b SE P Odds ratio (95%Cl)
Constant 225 045 <.001"* 949

Boston Naming Test 0.29 0.14 .042* 1.34(1.01; 1.77)

Figure Copy -0.07 0.16  .669 0.93(0.68;1.28)
Figure Recall 003 039 941 1.03(0.48;2.19)
Figure Savings 0.36 044 414 1.43(0.61; 3.35)
Word List Learning —-0.06 0.14 .658 0.94(0.72; 1.24)
Word List Recall 0.79 022 <.001*** 2.21(1.44;4.40)

Word List Recognition  0.14 0.13 295
Word List Intrusions 0.07 0.13 571

1.15(0.89; 1.49)
1.08(0.84;1.38)

Animal Fluency 0.19 0.17  .258 1.21(0.87; 1.69)
TMT-A -1.52 059 .010** 0.22(0.07;0.69)
TMT-B 170 0.66 .010** 5.50(1.51;20.07)
TMT-B/A -192 061 .002** 0.15(0.05;0.48)

22(12) = 7550, p <.001, R gelierie = 0-36

Notes: Based on using the z-scores (lower score = less performance) and
dummy-coding of the dependent variable (AD = 0, PD = 1), results can be
interpreted as follows: For scores with a significant odds ratio > 1, lower
z-score performance is predictive (i.e., associated with an increased like-
lihood) for belonging to the AD group, for scores with a significant odds
ratio < 1 lower z-score performance is predictive for belonging to the PD
group. 10-times 10-fold cross-validation revealed a classification accuracy
of 75.8% in the training samples and 72.0% in the testing samples.
Abbreviations: AD, Alzheimer’s disease; Cl, confidence interval; MCI, mild
cognitive impairment; PD, Parkinson’s disease; SE, standard error; TMT-A,
Trail Making Test Part A; TMT-B, Trail Making Test Part B; TMT-B/A, Trail
Making Test Part B divided by Part A.

performed significantly worse in language and memory assessments
than patients with PD-MCI, (2) patients with PD-MClI performed signif-
icantly worse in a set-shifting executive function measure than patients
with AD-MCI, and (3) the applied test battery could be used to success-
fully discriminate between AD-MCI and PD-MCI.

In the initial datasets, the neuropsychological MCI diagnosis was
based on several different parameters.2324 In this context, cutoff
scores for impaired test performance and the numbers of impaired
tests required to diagnose objective cognitive impairment strongly
influenced the identified prevalence of MCl in each cohort. To ensure
a valid profile comparison that is not built on diverging MCI criteria,
we aligned the neuropsychological MCI definition across the AD-MCI
and PD-MCl samples by applying a novel albeit more conservative base
rate approach.'~1? The applied cutoff of > three tests with scores <
—1.5 SD was stricter than the criteria for objective cognitive impair-
ment in established criteria for the MCI diagnosis.2>28:35 However, we
were able to replicate the identified cutoffs of Mistridis et al.,»” who
applied the base rate approach to 10 scores derived from the CERAD
test battery, despite the inclusion of 3 additional test scores derived
from the CERAD-Plus (TMT-A, TMT-B, and TMT-B/A).

The strict criteria applied by the base rate approach might have
skewed our sample toward moderate to severe MCI cases, which may
mean that our findings are not generalizable to early MCI. In addi-
tion, inferences regarding which neuropsychological tests and cogni-
tive domains are likely to be impaired first during incident MCI due
to AD versus PD cannot be made from our data. However, an impor-
tant strength of the present profile comparison is that our final sam-
ple included only MCI cases with increased reliability, suggesting that
a “reversion” from the MCI diagnosis back to cognitive normality and
unsystematic fluctuations between diagnostic categories were less
likely to occur.’® Future research may be able to transfer the find-

ings from the present profile comparison to earlier disease stages and
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evaluate whether the suggested discriminative neuropsychological
tests can be used to differentiate the two etiologies equally well when
cognitive decline is more subtle.

Overall, we were able to confirm our hypotheses regarding the exis-
tence of differential cognitive profiles between AD-MCI and PD-MCI.
The cross-validated logistic regression model was able to classify 72%
of patients correctly in the testing datasets, which were not used to
train the model. This indicates that the neuropsychological profiles
based on cognitive test scores that were included in the model sub-
stantially differed between AD-MCI and PD-MCI, suggesting that our
model might be valid beyond the training datasets. The 28% misclas-
sification rate may be due to the significant overlap in amnestic dys-
functions between patients with AD-MCI and PD-MCI that may occur
during the transition from PD-MCI to PD dementia. Furthermore, due
to the heterogeneity of cognitive decline reported among PD patients,
some patients with PD-MCI may display rather “AD-typical” cognitive
profiles during early disease stages.®

As expected,11-13

patients with AD-MCI showed worse perfor-
mance than patients with PD-MCI in the memory domain across
all applied tests and subscores. Furthermore, patients with AD-MCI
obtained lower scores in the BNT, a language assessment. Most of
these differences, including the difference in the TMT-B/A discussed
below, persisted when we controlled for global cognition, indicating
that the differential cognitive profiles between patients with AD-MCI
versus PD-MCI exist beyond differences in global cognition. However,
differences in the assessed global cognition measures should be inter-
preted cautiously, as the memory domain is overrepresented within
both the MMSE and the CERAD total score, relative to other cognitive
domains (e.g., executive functions). Due to evidence suggesting a more
severe memory impairment among patients with AD-MCI compared to
patients with PD-MCI, the group differences in these global cognition
scores may be biased by their different cognitive profiles.

Patients with PD-MCI obtained significantly lower scores than
patients with AD-MCI only for the TMT-B/A executive function set-
shifting measure and on a descriptive level in the Figure Copy test. The
lack of other statistically significant differences is likely associated with
the overall composition of the applied test battery, as several tests are
based on the recruitment of resources from a broad spectrum of cogni-
tive domains. For example, although verbal fluency measures are well-
established neuropsychological assessments for executive functions,
semantic fluency tests, such as Animal Fluency, are also considered to
reflect strong language and semantic memory components.3¢ A similar
pattern is discussed for Word List Intrusions, which can reflect execu-
tive deficits in monitoring and inhibition and may also indicate seman-
tic memory deficits.3” Therefore, deficits in one cognitive domain might
be compensated by stronger performance in another domain involved
in a specific task, which could potentially explain a lack of overall dif-
ferences between AD-MCI and PD-MCI in some test scores. However,
the underlying mechanisms that result in similar deficits might differ
between the two diagnoses.

A double dissociation could also be observed for the TMT mea-
sures. Patients with AD-MCI performed descriptively worse in the

TMT-A (measuring processing speed), whereas patients with PD-MCI
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performed worse in the TMT-B (additional set-shifting) and even
significantly worse in the TMT-B/A. The latter ratio reflects a purer
measure of set-shifting and cognitive flexibility by diminishing the
influence of psychomotor demands,®® which might be particularly
impaired in patients with PD-MCI. Therefore, impairments in the
TMT-B observed among patients with PD-MCI might be more strongly
influenced by deficits in set-shifting, which constitutes an executive
function, whereas it might be more influenced by general deficits in
processing speed among patients with AD-MCI.38

A descriptively reduced performance for the PD-MCI group com-
pared to the AD-MCI group was observed for the Figure Copy task,
whereas the ratio was reversed for the Figure Recall and Savings tasks.
These findings highlight the presence of memory deficits across modal-
ities for the AD-MCI sample and suggest that visuo-cognitive deficits
may be more prominent in PD-MCI (for an ongoing systematic review
in this context, see PROSPERO ID: CRD42018088244).

These findings, in addition to the results of the logistic regression
analysis, which provided a global estimate of the predictive accuracy
of cognitive profiles to differentiate between AD-MCI and PD-MCI,
highlight the importance of applying neuropsychological test batteries
capable of assessing a broad spectrum of functions during clinical
practice. The subscores derived from the TMT emerged as valuable
predictors for the underlying diagnosis of both AD-MCI and PD-MCI
in the logistic regression analysis, which supports the extension of the
established CERAD test battery?%22 to the CERAD-Plus.2! However,
this extension has only been well established in the German-speaking
market thus far. By gauging such detailed cognitive profiles, clinicians
might be able to capture relevant cognitive impairment both early
and broadly. This may facilitate the drawing of inferences regarding
the progress of cognitive decline across diagnoses and accelerate
the diagnostic workflow during the crucial MCI state. Furthermore,
a detailed cognitive examination is fundamental for the development
of individualized and disease-specific treatment approaches and
the promotion of precision medicine approaches for the prevention
and therapy of cognitive decline, including pharmacological and
non-pharmacological (e.g., cognitive training and rehabilitation374°)
interventions.

Important limitations of this profile comparison include the likely
specificity of our findings to moderate and severe MClI stages and the
limited number of available neuropsychological tests to assess some of
the cognitive domains under investigation (e.g., only one test was used
to assess visuo-construction). The latter resulted in the decision not
to attempt any domain-wise analysis. Furthermore, this type of anal-
ysis would have required the assignment of cognitive tests to single
cognitive domains and a more comprehensive discussion regarding the
factor-structure of cognition,** which we were unable to adequately
address given the tests available in our samples. Furthermore, although
we unified the inclusion and exclusion criteria of the MCI diagno-
sis across the two studies on a conceptual level, differences in the
concrete assessment of the presence of subjective cognitive decline
and everyday functioning remain. Future research may also investi-
gate the usefulness of the base rate approach for identifying patients

with MCI, regardless of further supporting MCI criteria (i.e., the
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presence of subjective cognitive complaints and preserved everyday
functioning).

The strengths of this profile comparison include a large, balanced
sample size of reliable MCI cases and the careful application of the
base rate criteria to unify the cognitive criteria of the MCI diagnoses
across two different etiologies. Further strengths include the robust
results within the analyses, which persisted even when controlling
for global cognition, and the cross-validation procedure used for the
logistic regression analysis. Additionally, this study only included those
patients with AD-MCI that were supported by a biomarker-based AD
profile.26 Another strength of this profile comparison was that all test
scores were standardized using published normative data correcting
for age, sex, and education.?? Accordingly, the results of the reported
cognitive profile comparison can be considered to be valid despite
etiology-dependent observed (and expected) differences in sex distri-
bution that may otherwise bias cognitive outcomes.

In conclusion, patients with AD-MCI were more impaired in mea-
sures of memory and language, whereas patients with PD-MCI were
more impaired in a measure of executive function. Furthermore, we
found some evidence that similar levels of impairment in one cogni-
tive test might be attributable to differential underlying mechanisms,
reflecting the differential influence of contributing cognitive functions.
Future data-driven approaches may be able to shed further light on
this aspect. Finally, neuropsychological test batteries in clinical prac-
tice should include a broad spectrum of cognitive domains to capture

any cognitive changes.
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