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Abstract.

Background: Cognitive dysfunction is one of the most prevalent non-motor symptoms in Parkinson’s disease (PD), often
experienced as more debilitating for patients and caregivers than motor problems. Therefore, a deeper understanding of the
course of cognitive decline and the identification of valid progression markers for Parkinson’s disease dementia (PDD) is
essential.

Objective: This systematic review summarizes the current state of knowledge on cognitive decline over time by reporting
effect sizes of cognitive changes in neuropsychological tests.

Methods: 1368 studies were identified by a PubMed database search and 25 studies by additionally scanning previous
literature. After screening all records, including 69 full-text article reviews, 12 longitudinal studies on the progression of
cognitive decline in PD met our criteria (e.g., sample size >50 patients).

Results: Only a few studies monitored cognitive decline over alonger period (>4 years). Most studies focused on the evaluation
of change in global cognitive state by use of the Mini-Mental State Examination, whereas the use of neuropsychological tests
was highly heterogenic among studies. Only one study evaluated patients’ cognitive performance in all specified domains
(executive function, attention & working memory, memory, language, and visual-spatial function) allowing for diagnosis of
cognitive impairment according to consensus guidelines. Medium to strong effect sizes could only be observed in studies
with follow-up intervals of four years or longer.

Conclusions: The results emphasize the need for the assessment of larger PD cohorts over longer periods of follow-up with
a comprehensive neuropsychological battery.
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INTRODUCTION (PD). Worsening of cognitive function up to Parkin-
son’s disease dementia (PDD) can often be more

Cognitive dysfunction is one of the most preva- debilitating for patients and their caregivers than
lent non-motor symptoms in Parkinson’s disease the characteristic PD-related motor problems [1,

2]. Approximately 20%—33% of patients experience
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diagnosis of PDD is often difficult, as PD patients
might not always be fully aware of their deficits [6, 7]
and activity of daily living problems caused by cog-
nitive impairment might not always be obvious for
raters due to the presence of motor disabilities. There-
fore, a deeper understanding of the natural course of
cognitive decline and the identification of valid pro-
gression markers for PDD is of utmost importance
for the early diagnosis and treatment of PDD.

The profile of cognitive dysfunction in PD patients
is heterogeneous [8], but typically affects memory,
attention, and executive as well as visual-spatial abili-
ties [9]. To date, only a limited number of longitudinal
studies exist that monitor cognitive impairment over
the disease course in large PD samples. In a previous
meta-analysis conducted in 2007 [10], Muslimovic
and co-workers analysed data of 901 PD patients
from 24 longitudinal studies to evaluate which cog-
nitive domain is most affected by cognitive decline
and to define the influence of demographic variables
and disease duration on effect sizes of change. Results
revealed that memory performance and visual-spatial
abilities significantly worsen over time, whereas
changes in further cognitive domains could not be
verified. Older age and lower education levels were
found to accelerate cognitive worsening, with more
pronounced decline with longer follow-up intervals.
However, one limitation was that most of the studies
(n=18, 72%) reported in that review had a relatively
small sample size of below 50 non-demented PD
patients. Much research has been done since 2007,
and data from longitudinal studies with larger sam-
ple sizes have been published. Therefore, this review
aims at gathering the current state of knowledge on
progression markers of cognitive decline, concen-
trating on the identification of cognitive tests that
show the most decline over time. To ensure sufficient
power for analysis, data is included from longitudi-
nal studies with non-demented PD patients in which
50 PD patients or more were examined. Moreover,
limitations of currently available data as a basis for
recommendations on the design and data analysis of
future studies on this topic are discussed.

METHODS

Literature search

As a basis, a manual search of papers included
in the meta-analyses of Muslimovic et al. (2007)
[10] was conducted, as the authors had the same
research question and included papers published until

February 2007. Continuing our search, we used the
identical search string used by Muslimovic and co-
workers (2007) and reviewed papers from February
2007 to March 2017. The search was conducted in
PubMed with the keywords Parkinsons disease or
Parkinson’s disease in combination with cognition,
Or cognitive impairment, Or memory, Or executive
function, or neuropsychological tests, and longitudi-
nal studies, or prognosis, or progression. Titles and
abstracts were screened according to the eligibility
criteria (see below). Afterwards, the full-text articles
of the studies meeting the inclusion criteria were fur-
ther reviewed for inclusion in the systematic review.

Inclusion criteria

To be included in the review, studies had to meet
the following criteria: The articles had to be published
in English or German, and a diagnosis of idiopathic
PD had to be made according to validated clinical
criteria. In contrast with the criteria specified by Mus-
limovic and collaborators, who included all sizes of
PD samples, we decided to include only samples with
at least 50 PD patients examined prospectively on at
least two occasions with a minimum of one standard-
ized neuropsychological test as a dependent variable
(longitudinal design). In cases of several time points
of measurement, only the first and the last are reported
in this review. Neuropsychological test scores had to
be presented for the PD group twice at baseline and at
follow-up, or other statistics had to be reported that
could be converted to effect sizes. In cases where
different papers reported data concerning the same
group of patients, the study with the largest sample
or with the longest follow-up period was included.

Exclusion criteria

Reports published only in abstract form were
excluded. Furthermore, clinical trials were not
considered (e.g. deep brain stimulation or other phar-
macological or non-pharmacological interventions
studies) to examine the course of cognitive decline
in PD without systematic effects.

Outcome measures

Tests for overall cognitive functioning and tests
assessing specific cognitive domains were reported
in the review. In Table 2, tests were assigned into one
of six cognitive domains (overall cognition, memory,
executive function, attention and working memory,
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Fig. 1. Flow diagram of study selection process.

visual-spatial functions, and language) according to
the definitions of Litvan and colleagues [11]. For tests
that were not mentioned in the definitions of Litvan
and co-workers, all authors conducted an expert rat-
ing to categorize the tests; in cases of heterogeneity,
a consensus was made. In Table 3, assignment of
tests to one specific cognitive domain referred to the
descriptions of the authors in the reviewed studies if
noted.

Calculation of effect sizes

From the data obtained in each study, the effect
size Cohen’s d was calculated, indicating the mean
difference between baseline and follow-up divided
by the mean differences of the standard deviations at
baseline and follow-up. A small effect is indicated
when |d| <0.2, a medium effect is indicated when |d|

> (.2 and < 0.5, and a large effect is indicated when
[d| > 0.5 [12].

RESULTS

Inclusion and exclusion process of the studies

In total, 1368 studies were found through the
database search and 25 studies by scanning the
included studies in the systematic review and meta-
analysis of Muslimovic and colleagues [10]. Figure 1
shows a PRISMA diagram illustrating the study
selection process. After screening all records, 69 full-
text articles were assessed for eligibility. Of these, 34
(49.3%) were excluded because they did not report
pre- and post-values, 16 (23.2%) were excluded
because of a low sample size, in four (5.8%) stud-
ies no calculation of effect sizes was possible, two
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(2.9%) studies were excluded because no full-text
was available, and in one study (1.4%), cognition
was not the main outcome and therefore insufficient
data was available for calculation. Finally, 12 (17.4%)
studies were included in the review. All studies were
published in English.

Demographic and clinical characteristics of
included studies

An overview of study characteristics is outlined
in Table 1. The baseline sample size varied greatly
between studies from 60 [13] up to 1714 [14] PD
patients. The mean age of the study sample was above
60 years in 10 out of 12 studies and ranged between
56.1 [15] and 70.0 years [16], with one study not
reporting age at all [14].

Mean disease duration at baseline was heteroge-
neous with a range between 4 months [17] to 17.5
years [18]. Information on PD severity was given in
all but three studies [14, 15, 19]. One study reported
data for PD-MCI patients at baseline [17].

Follow-up assessment

The mean maximum follow-up times of the studies
ranged from one year [17] to seven years [15]. Sample
sizes of the included studies at follow-up measure-
ment ranged from 49 patients [19] to 316 patients
[14]. Three studies reported effect sizes separately for
PD and PDD patients at time of follow-up assessment
[15-17].

Effect sizes of assessed cognitive domains

Table 2 displays the effect sizes reported in
the different studies according to the conducted
neuropsychological tests in the assigned domain. Sur-
prisingly, only one study evaluated patients’ cognitive
performance in all specified domains [20]. All other
studies only evaluated specific aspects of cognitive
worsening over time. Nine studies used screening
tools to target overall cognition [13, 14, 16-18, 21,
22]. Memory function was the most frequently tar-
geted domain (6/12; [13, 15, 18, 20, 22, 23], followed
by attention and working memory (5/12; [13, 15,
18, 20, 22] and visual-spatial functions and language
(both 5/12 in the same studies; [15, 18, 20, 22, 23].
The domain executive function was only measured in
4 out of 12 studies [13, 18, 20, 23].

Use of neuropsychological tests

The choice of neuropsychological assessment was
highly variable between the studies (see Table 3
for details). The most used screening tool for over-
all cognition was the MMSE in seven studies [13,
16-18, 21, 22]. The Wisconsin Card Sorting Test was
assessed in four studies [13, 18, 20, 23]. Three studies
assessed the Judgement of Line Orientation (JOLO)
[18, 20, 22] and the Wechsler Memory Scale [13, 20,
23]. All other tests were only used in one or two stud-
ies. Furthermore, for nine neuropsychological tests,
no information of assignment to a specific cognitive
domain was given in the manuscripts.

Effect sizes of neuropsychological tests

Effect sizes of the neuropsychological tests show
a large heterogeneity over studies according to dura-
tion of follow-up interval. Furthermore, as not every
study assessed every domain, it is difficult to outline
specific progression trends. However, as an impor-
tant result, medium to strong effect sizes could only
be observed in studies with follow-up intervals of
four years or longer [15, 16, 18]. Effect sizes of the
MMSE as a measure of global cognitive state were
reported in seven studies with ranges for the effect
sizes between —0.03 [17] and —1.39 [16], in patients
with PDD. Lower score values in the MMSE, which
are indicative for greater cognitive decline, were more
likely with an increase of the follow-up period, mean-
ing that the longer the follow up period, the greater the
decline in the MMSE scores. Only one study showed
an exception to this trend [18]; however, this study
reported a higher dropout rate than the others.

DISCUSSION

The aim of this review was to provide an update
on the current knowledge concerning the worsening
of cognition in PD over time, and analyse which
tests best monitor cognitive decline in PD. Based
on our criteria, only 12 longitudinal studies could be
identified. Of those, approximately 40% had longer
follow-up intervals; for example, two studies with
four years, one study each with five, six, and seven
years of follow-up intervals. Most of the studies pre-
sented in this review focused on the evaluation of
change in global cognitive status, primarily assessed
with the MMSE, followed by the assessment of mem-
ory, attention, and working memory function over
time. However, the use of neuropsychological tests



187

M. Roheger et al. / Progression of Cognitive Decline in PD

*SYIUOW ‘oW $Iedk ‘A ‘uonTugo)) — ISESIp §,UOSUIYIRd UT SaWO0dINQ) I0J SA[BIS ‘DOD-VIODS 1591, SenIepoIA 11 [0qUAS ‘LINAS

'sjutod /G JO wnwirxew e yiim gSIAJA PAYIPOU JO asn, ‘UOIBUTWEXF 18IS [BIUSIA-TUI]Al = SIAIN "Paliodar are Apnjs yora Jo uonen[eAd duI[aseq ) WOIj UOIBUWLIOJUI [ed1ur[d pue drydeiSowaq

9T+ 0z 7S ‘IDIN-Ad
'SYAdN-SAN ~ (8-¢) owr - 9€T1:#ST ©09st  (86)T19 At 79C :ad 06€ [¥€] 'Te 30 Seayos
611) 6°€C
'S¥adn (8919 - Yoy Oo¥9r  (€L0L9 At 89 89 [02] ‘Te 32 L -rysa03oxg
£9—¢
:D0D-Vd0DS
- - - - - - K61 :LINAS 91¢ PILT [#1] Te 10 sTIM.
(L) 091
'sdadn
Lo Lt
dyex @ uyeoq (L) §°LT 8'1)6°LT LTTE &9 (§6)S79 Agp K¢ 6S €l [81] Te 30 sxopaoig
QjeIpauLIaul
stperoads
uﬁw:uuahwﬁ.: Nm
(65°0)8TC ‘uoneonpa
“yeX 29 UYOH 61 8'S (61 6LT 7186 Pysy 0L (L'8) T'E9 £7-60 88 201 [z2] 'Te 10 eunyderg
812 01¢
'sdadn
TDsc
yex 79 uyeoHq L €6 (T9) 95t 81761 - (96)¢L9 A1 8¢l S4i [L1] T8 30 Seayog
(YR 44
yex 79 UyeoHq 6798 Lre)eLe 0v1:601 KAgaopun 98¢ (1'8) 0°0L KgAKy €8 S 74 [91] Te 10 puesiey
(€r1TLT sKep Gy8L
'sIYadn QP LS 1D 8T 9TiEh Losgvlr  (TL) 689 BN AT 69 08 [¢2] ‘Te 10 BUUINZY
- (€%) 09 - 81:T¢ ®e¢eL (619 our /98 uedjN 0S 16 [ST] Te 10 TUTZZETR]
(€1) 8¢ :SYAdN - D11 - ©96 (@©LI19 ouwr /¢ ‘BN A ¢ €S 09 [€1] 'Te 10 21AgojoT-sonede)
SE (%) A— Al
Iyex % uyeoy F9L6 o vLe LESS weocel (€6)99 A1 06 S0l [12] "Te 10 uraisyrelg
- oLes (10 18¢C - - (96699 K¢ 6t 0L [61] T8 10 urISIRIS
(as ‘m JN (as ‘m % dn-mofoq (dn-mofjo) (qurpeseq)
K)LIOAQS 95BISI(] uonen ASININ O1JBI JOPUD) uoneonpg (SE Jo p3ua N N (K) Apms

SOIPNIS PAPNIIUT JO SONISLIRJORIRYD)

I 219¥L



M. Roheger et al. / Progression of Cognitive Decline in PD

188

(28pd jxou panupuod)

80 Wil
Ly"0 1oy (9%-0¢ :o8uex)
0F"0— :[[eO2I djeIpauIU] $¢°0— :(srewtue) €40 UOTIBIOASIO] our /¢ :uedw [€1] Te 30
SIAM Kouang onuewag LSOM 10— HSINIAW K¢ a1AqajaT-sorrede))
€2°0— :¢ uononpoidal [ensip
8%°0— :1 uononpoidar ensIp
€2°0- 11 Arowoaw [eo130
TII-SINM
G¢'0— :Adod 9¢°0— :Kouany A103218D) 90— ¥d G0 :SuryoMs/uonIqIyuy
uononpoxda fensiA S493-d 670~ 118303 G- 6C°0 -uoniqryug
TII-SINM II-LTAD 010 :Surureu Mmooy LIMD S493-d LLo)
1€°0 :SenLe[IuIg 81°0— :¢ K1owaw [eo1507] LIMD SATI-a 81°0 :Sosu0dsal QAIBIOAISSIO] K 17 'ueowr [0Z] ‘Te 1o
S1°0-:0710f SYAN II-SINM 6¥°0-:v10d LSOM LeT nL-psA0Song
€10~ VIO
TON-Ad
¥0°0 VOO
‘ad ¥4 [¥€] T2 19 Seayog
L¥'0— :Aoudny 101307
€7°0 :Aouany sweN
L€°0— :Aouany onuewes
870 sJuawddpnl uonear pIop 9'%9)
91°0— :uSIsap Yo0[g £¢°0 uonnadar [eqIoA €0°0 ‘LSOMW SABP G'pgL ‘uBdwW
SINM +0°0— :Surweu uoneLIUOIJUOD) 91°0— :AIowow [eqIoA 600 :A1039)85 £q Suniog Kz 2] ‘Te 10 pwinZy
CI'0 ‘Te0L
91°(0 091
aa
1+°0— :s1dwoid [eor1039)ed 11°0 :TeoL
LNgW S0°0 -1 LT0~ *SAN
62°0— :0710( 20°0 :s1dwoid oneweuoyd NI 620~ :(19pI0 3SIAI) 20— “ASINIA
90°0— :SumeIp 001D LNgw 159}  splom [, 153} uonnadax NI €1'0~:dvd £T-6'0 [¢z] T2 10 runydarg
9T°0— -HSININ L1 [12] '8 10 urIsyrers
€0°0— ‘HSININ L1 [£1] T2 3 Seayog
uonouny reneds-onsip a3en3ue] KIowo Klowow SURIom pue uonudNy uonouNy dANNIAXH Suruaa1os/uoniugoo [[eI0AQ [ealoiur dn-mof[og (K) Apms

urewop 2ANIUZ09 pue s3s9) [ed13ojoydAsdornau £q payisse[o uorssardoid [eorur[d Suneorpur sIZIs 19917

ClqeL



189

M. Roheger et al. / Progression of Cognitive Decline in PD

‘syjuou ‘ol ‘eak ‘A [eI0L, seniepoIN NSIJ [0qQUIAS ‘LINCS :9[edS Suney enuawod SN ‘SYJIN IS2L SulepiQ
131 2Andepy ‘Y10 ISAL 20UAIRJINU] PIOA 10[0D) ‘LIMD ‘WISAS uonound aANNndaxy ueded]-sioq ‘SIAMN-d IUSWSSISSY 2ANIUZ0D) [BAINUOIN “VIOIN S9L, SUDRIA [RHLL, ‘LIAL {UONRIUALIQ
QuI'T JO JUAWRZPN[ ‘QTO[ 1S9, 9OUASI[[AIU] USSUTUOILD) ‘I [D) $9[BIS AOUSSI[[AIU] INPY IS[SYIM ‘STVM $1SIL, SUOLBIIOSSY PIOA [BIQ PI[[ONUOD) ‘IVAMOD $1S3], AIOWSJA [BINOIABYSY PBOULIOATY
LINGY 9591 Sururea [eqlop A103Ipny Ay ‘ITTAVY $1SaL SurweN uojsog payIpow ‘LN gU [[eda1 pake[ap Y ‘[[8921 AJRIPIWWI “Y[ ‘9[BIS BNUWR( SHIBIA ‘SN ‘AI1oNeg JUSWSSIsSY [LIUOL]
‘gVd 91591, Sunios pred) uIsuodSIA ‘LSOM 9[e0S AIOWA IO[SUIIM ‘SINA ‘UOTIBUTWEXH )BIS [BIUSIA-IUIJA POYIPOW ‘JSIAJAW BIIUSWP 9SBISIP S UOSUDIE] ‘Q(d 9SeasIp s, uosunyred ‘qd

TL 0~ Kty

SIVM.
#L°0— :A[quuasse 12[q0 ‘ad
€6°0— :uB1sop yoolg 2’0~ :Are[nqeoop '8)
SIVM ‘SINM 970~ 11891 9L, MoyS ¥6°0— 1189 07787 our /98 :ueawt
‘ad ‘ad ‘ad ‘ad AL [S1] T8 10 tuizzereq
17°0- -LNAS L9 [#1] T8 39 sim
6570 I s99eq
II-SINM
69'0— :uoNIuS09y
LTAVY €6°0 -9 LINL
0€°0— :159) SUONRIOOSSE [ENSIA G0 :suoneroatesiod oN
870~ A s LSOmuw
II-SINM 0T°0— :SenLIe[IWIS TII-STVM
29°0 :Surpea prom doong 11°0— :UOpPUOT JO JOMO],
£€70—dd 810 :Surweu mojoo doong 90°0 :-IVMOD
0€°0— 6T [TeIL 170 'V LNL €0°0— :Aouany Joyrewadng
LIAVY €0~ 1331 [oquuks NSIq 00~ :Aouany [ewruy
L6°0— 159) Suimerp yoor) 81°0- A G1°0 :9ouarepIuI doong
w0~ 0101 110~ I 91°0~ :spremyoeq ueds NSIq L1°0~ :$9110521ed ON
L1°0 yse feneds 11D vT'9 NG LNGY p1°0- :spremioy ueds ySIq LSomuw 81°0— ‘ASININ £g [81] e 30 s1opaoig
S0°0 “HSIWIN
‘ad £y [91] 'Te 19 puersiey
160~ ‘ASININ £y-¢ [61] Te 10 uISyILIS
uonouny eneds-onsip a3enSue] KIowoN Klowow SuryIom pue uonudNy uorOUNJ 9ANNIAXY Surudards/uoniugod [[e1eAQ  [eAIUI dn-mo[[o] (K) Kpms

(panunguod)
Clq9eL



190

M. Roheger et al. / Progression of Cognitive Decline in PD

Table 3
Overview of used test, assigned domain in the reviewed studies and effect sizes
Domain assignment Test S 25 2 & &% =25 838 3 Effect sizes
. P~ B =} < 553 o =i
according to £ 28 = 5 g 5 2 ‘g S g & 2 (range)
MDS-PD-MCI © 22 £ s g ~%Z ¢ g
o i) < | £ =
criteria and expert s o o
rating ° oA Z
Overall cognition
FAB 1 -0.13
MDS 1 -0.27
MMSE 5 1 (-0.03)-(-1.39)
mMMSE 1 -0.44
MoCa 1 0.04 — (-0.13)
Executive function
Animal fluency 1 -0.04
COWAT 1 0.06
D-KEFS CWIT 1 0.29-0.45
Inhibition
Inhibition/Switching
mWCST 2 0.45
Supermarket fluency 1 -0.03
Sorting by category 1 0.05
Word relation judgements 1 0.28
TMT B 1 0.53
Tower of London 1 -0.11
Attention & working memory
D-KEFS CWIT colour naming 1 -0.36
Digit span forwards 1 -0.14
Digit span backwards 2 (=0.16) — (-0.29)
DOTA 1 -0.49
Stroop interference 1 0.15
TMT A 1 0.41
Zazzo Test 1 (-0.54) - (-3.34)
Stroop colour naming 1 0.48
Stroop word reading 1 0.62
SDMT 1 —-0.21
Memory
RAVLT DR 1 -0.43
RBMT DR 1 -0.18
Short Tale Test 1 (-0.26) — (-1.25)
Verbal memory 1 -0.16
WCST Perserverations 2 0.18-0.43
WMS-Immediate Recall 1 -0.40
WMS-III Logical memory 1 1 (-0.23) — (-0.48)
Visual reproduction 1
Visual reproduction 2
“12 words test”, IR 1 0.11
“12 words test”, DR 1 0.12
Language
BNT 1 6.24
Confronting naming 1 -0.04
Letter fluency 1 -0.47
mBNT 1 0.02 - (-0.41)
MDRS 1 0.31
Name fluency 1 0.23
Semantic fluency 1 (-0.34) - (-0.37)
Verbal repetition 1 0.33
WAIS similarity 1 -0.72

(Continued)
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Table 3
(Continued)
Domain assignment ~ Test = g g §= z S =38 S B Effect sizes
. = R=pp=t B=| S s =g 8 e 2 £
according to 9 39 = 5 g 5 Z8%8 g o R (range)
MDS-PD-MCI © 22 = s § ~@5 £ 2
. i) < A Z ) =
criteria and expert <) > ]
ratin; ° A z
g
Visual-spatial
Clock drawing 2 (-0.06) — (-0.97)
GIT spatial task 1 0.17
JOLO 3 (-0.15) - (-0.42)
Digit symbol test 1 -0.35
WAIS-IIT 1 1 -0.20
WMS block design 1 -0.16

mMMSE, modified Mini-Mental State Examination; WMS, Wechsler Memory Scale; WCST, Wisconsin Card Sorting Test; FAB, Frontal
Assessment Battery; MDS, Mattis Dementia Scale; IR, immediate recall; DR, delayed recall; mBNT, modified Boston Naming Test; RAVLT,
Rey Auditory Verbal Learning Test; RBMT, Rivermead Behavioural Memory Test; COWAT, Controlled Oral Word Associations Test, WAIS,
Wechsler Adult Intelligence Scale; GIT, Groningen Intelligence Test; JOLO, Judgement of Line Orientation; TMT, Trial Making Test; MoCA,
Montreal Cognitive Assessment; D-KEFS, Delis-Kaplan Executive Function System; CWIT, Color Word Interference Test; DOTA, Adaptive
Digit Ordering Test; MDRS, Mattis Dementia Rating Scale; SDMT, Symbol Digit Modalities Total.

was highly variable between the different studies,
confirming previous reports comparing test assess-
ments of European longitudinal PD studies [24]. Most
importantly, only one study [20] evaluated patients’
cognitive performance in all required domains for a
level II diagnosis of PD-MCI and PDD based on the
MDS Task Force criteria [25, 26]. Therefore, the data
presented here emphasises the need for the assess-
ment of larger PD cohorts over longer periods of
follow-ups with a comprehensive neuropsychologi-
cal battery.

Besides these limitations, our data confirms pre-
vious findings of the meta-analysis of Muslimovic
and colleagues concerning studies with smaller sam-
ples in that more severe cognitive decline can be
observed in studies with longer follow-up periods
[10]. According to studies included in this review,
medium to strong effect sizes could only be observed
in studies with follow-up intervals of four years or
longer [15, 16, 18]. Importantly, changes in cogni-
tive performance were not limited to one specific
cognitive domain, but included changes in various
functions with longer follow-up intervals. Therefore,
our data confirms previous reports arguing a slow
and heterogenic progression of cognitive function in
PD. The study of Broeders and co-workers revealed
the highest effect in the language and visual-spatial
domain after five years [18]. Worsening of visual-
spatial abilities has been reported to predict cognitive
impairment and PDD [27, 28]. Previous studies have
also shown that language problems occur in the tran-
sition to dementia in PD, with patients presenting
problems in understanding and producing language,

as well as impaired sentence comprehension [29].
However, higher order language problems and their
cause are not yet well characterized in PD, which is
currently best described as sentence comprehension
and verbal fluency performance [30]. Spontaneous
speech production and naming difficulties have been
sparsely examined to date [31], but have been linked
to cognitive impairment [32]. As underlying neu-
ropathology of language problems executive-frontal
related and temporal lobe dysfunction are discussed
[32, 33], also affected in PD for example by loss of
dopaminergic or cholinergic function, Lewy body or
amyloid and taupathology.

Based on the high importance of understanding the
course of cognitive decline up to dementia in PD, the
number of the identified studies in this review seems
to be surprisingly low. Most of the papers screened
for eligibility in this review were primarily excluded
by methodological reasons, as they did not present
cognitive follow-up data.

To increase our understanding of the natural course
of cognition in PD, large cohort studies with an elab-
orate neuropsychological test battery covering all
relevant cognitive domains are needed. Moreover,
reports should include both baseline and follow-up
data to enable researchers to judge the progression
of cognitive function over time. Only such studies
would allow the identification of progression mark-
ers and different phenotypes for cognitive decline
and the identification of tests able to predict cogni-
tive decline and PDD with high accuracy. Finally,
biomarker sampling in addition to comprehensive
clinical assessment are important to identify the
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underlying pathomechanism of cognitive impairment
in PD [34], further supporting different PD pheno-
types and their risk of PDD within the disease course.

In summary, our results emphasize that cognitive
functions in PD seem to underlie a slow progression
which is heterogeneous and still not properly investi-
gated. Therefore, our results show the need for larger
PD cohorts that are examined over longer periods of
follow-up with a comprehensive neuropsychological
battery.

CONFLICT OF INTEREST

The authors have no conflict of interest to report.

REFERENCES

(1]

(2]

(3]

[4]

(5]

(6]

(71

(8]

91

[10]

Lawson RA, Yarnall AJ, Duncan GW, Breen DP, Khoo TK,
Williams-Gray CH, Barker RA, Collerton D, Taylor J-P,
Burn DJ (2016) Cognitive decline and quality of life in
incident Parkinson’s disease: The role of attention. Parkin-
sonism Relat Disord 27, 47-53.

Leroi I, McDonald K, Pantula H, Harbishettar V (2012)
Cognitive impairment in Parkinson’s disease: Impact on
quality of life, disability, and caregiver burden. J Geriatr
Psychiatry Neurol 25, 208-214.

Lawson RA, Yarnall AJ, Duncan GW, Breen DP, Khoo TK,
Williams-Gray CH, Barker RA, Burn DJ (2017) Stability of
mild cognitive impairment in newly diagnosed Parkinson’s
disease. J Neurol Neurosurg Psychiatry 88, 648-652.
Santangelo G, Vitale C, Picillo M, Moccia M, Cuoco S,
Longo K, Pezzella D, di Grazia A, Erro R, Pellecchia
MT (2015) Mild cognitive impairment in newly diag-
nosed Parkinson’s disease: A longitudinal prospective study.
Parkinsonism Relat Disord 21, 1219-1226.

Hely MA, Reid WG, Adena MA, Halliday GM, Morris JG
(2008) The Sydney multicenter study of Parkinson’s dis-
ease: The inevitability of dementia at 20 years. Mov Disord
23, 837-844.

Shulman LM, Pretzer-Aboff I, Anderson KE, Stevenson R,
Vaughan CG, Gruber-Baldini AL, Reich SG, Weiner WJ
(2006) Subjective report versus objective measurement of
activities of daily living in Parkinson’s disease. Mov Disord
21, 794-799.

Leritz E, Loftis C, Crucian G, Friedman W, Bowers D (2004)
Self-awareness of deficits in Parkinson disease. Clin Neu-
ropsychol 18, 352-361.

Kehagia AA, Barker RA, Robbins TW (2010) Neu-
ropsychological and clinical heterogeneity of cognitive
impairment and dementia in patients with Parkinson’s dis-
ease. Lancet Neurol 9, 1200-1213.

Aarsland D, Bronnick K, Williams-Gray C, Weintraub D,
Marder K, Kulisevsky J, Burn D, Barone P, Pagonabarraga
J, Allcock L, Santangelo G, Foltynie T, Janvin C, Larsen JP,
Barker RA, Emre M (2010) Mild cognitive impairment in
Parkinson’s disease: A multicenter pooled analysis. Neurol-
0gy 75, 1062-1069.

Muslimovi¢ D, Schmand B, Speelman JD, De Haan RJ
(2007) Course of cognitive decline in Parkinson’s disease:
A meta-analysis. J Int Neuropsychol Soc 13, 920-932.

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

[23]

[24]

[25]

Litvan I, Goldman JG, Troster Al, Schmand BA, Wein-
traub D, Petersen RC, Mollenhauer B, Adler CH, Marder
K, Williams-Gray CH (2012) Diagnostic criteria for mild
cognitive impairment in Parkinson’s disease: Movement
Disorder Society Task Force guidelines. Mov Disord 27,
349-356.

Field A (2013) Discovering statistics using IBM SPSS statis-
tics, Sage.

Caparros-Lefebvre D, Pecheux N, Petit V, Duhamel A, Petit
H (1995) Which factors predict cognitive decline in Parkin-
son’s disease? J Neurol Neurosurg Psychiatry 58, 51-55.
Wills A-MA, Elm JJ, Ye R, Chou KL, Parashos SA, Hauser
RA, Bodis-Wollner I, Hinson VK, Christine CW, Schneider
JS (2016) Cognitive function in 1736 participants in NINDS
Exploratory Trials in PD Long-term Study-1. Parkinsonism
Relat Disord 33, 127-133.

Palazzini E, Soliveri P, Filippini G, Fetoni V, Zappacosta B,
Scigliano G, Monza D, Caraceni T, Girotti F (1995) Pro-
gression of motor and cognitive impairment in Parkinson’s
disease. J Neurol 242, 535-540.

Aarsland D, Andersen K, Larsen JP, Perry R, Wentzel-
Larsen T, Lolk A, Kragh-Sgrensen P (2004) The rate of
cognitive decline in Parkinson disease. Arch Neurol 61,
1906-1911.

Schrag A, Dodel R, Spottke A, Bornschein B, Siebert U,
Quinn NP (2007) Rate of clinical progression in Parkinson’s
disease. A prospective study. Mov Disord 22, 938-945.
Broeders M, Velseboer DC, de Bie R, Speelman JD, Mus-
limovic D, Post B, de Haan R, Schmand B (2013) Cognitive
change in newly-diagnosed patients with Parkinson’s dis-
ease: A 5-year follow-up study. J Int Neuropsychol Soc 19,
695-708.

Starkstein SE, Bolduc PL, Mayberg HS, Preziosi TJ, Robin-
son RG (1990) Cognitive impairments and depression in
Parkinson’s disease: A follow up study. J Neurol Neurosurg
Psychiatry 53, 597-602.

Pirogovsky-Turk E, Moore RC, Filoteo JV, Litvan I, Song
DD, Lessig SL, Schiehser DM (2017) Neuropsychiatric
predictors of cognitive decline in Parkinson’s disease: A
longitudinal study. Am J Geriatr Psychiatry 25, 279-289.
Starkstein SE, Mayberg HS, Leiguarda R, Preziosi TJ,
Robinson RG (1992) A prospective longitudinal study of
depression, cognitive decline, and physical impairments in
patients with Parkinson’s disease. J Neurol Neurosurg Psy-
chiatry 55, 377-382.

Stepkina D, Zakharov V, Yakhno N (2010) Cognitive
impairments in progression of Parkinson’s disease. Neurosci
Behav Physiol 40, 61-67.

Azuma T, Cruz RF, Bayles KA, Tomoeda CK, Montgomery
EB (2003) A longitudinal study of neuropsychological
change in individuals with Parkinson’s disease. Int J Geriatr
Psychiatry 18, 1115-1120.

Lerche S, Liepelt-Scarfone I, Alves G, Barone P, Behnke
S, Ben-Shlomo Y, Berendse H, Burn D, Dodel R, Grosset
D, Heinzel S, Hu M, Kasten M, Kruger R, Maetzler W,
Moccia M, Mollenhauer B, Oertel W, Roeben B, Sunkel U,
Walter U, Wirdefeldt K, Berg D (2015) Methods in neu-
roepidemiology characterization of European longitudinal
cohort studies in Parkinson’s disease—report of the JPND
Working Group BioLoC-PD. Neuroepidemiology 45, 282-
297.

Litvan I, Goldman JG, Troster Al, Schmand BA, Wein-
traub D, Petersen RC, Mollenhauer B, Adler CH, Marder K,
Williams-Gray CH, Aarsland D, Kulisevsky J, Rodriguez-
Oroz MC, Burn DJ, Barker RA, Emre M (2012) Diagnostic



[26]

[27]

[28]

[29]

M. Roheger et al. / Progression of Cognitive Decline in PD 193

criteria for mild cognitive impairment in Parkinson’s dis-
ease: Movement Disorder Society Task Force guidelines.
Mov Disord 27, 349-356.

Dubois B, Burn D, Goetz C, Aarsland D, Brown RG, Broe
GA, Dickson D, Duyckaerts C, Cummings J, Gauthier S,
Korczyn A, Lees A, Levy R, Litvan I, Mizuno Y, McKeith
IG, Olanow CW, Poewe W, Sampaio C, Tolosa E, Emre
M (2007) Diagnostic procedures for Parkinson’s disease
dementia: Recommendations from the movement disorder
society task force. Mov Disord. 22, 2314-2324.

Mahieux F, Fenelon G, Flahault A, Manifacier MJ, Michelet
D, Boller F (1998) Neuropsychological prediction of
dementia in Parkinson’s disease. J Neurol Neurosurg Psy-
chiatry 64, 178-183.

Williams-Gray CH, Evans JR, Goris A, Foltynie T, Ban
M, Robbins TW, Brayne C, Kolachana BS, Weinberger
DR, Sawcer SJ, Barker RA (2009) The distinct cognitive
syndromes of Parkinson’s disease: 5 year follow-up of the
CamPalGN cohort. Brain 132, 2958-2969.

Hobson P, Meara J (2004) Risk and incidence of dementia
in a cohort of older subjects with Parkinson’s disease in the
United Kingdom. Mov Disord 19, 1043-1049.

[30]

(31]

(32]

(33]

[34]

Robinson GA (2013) Primary progressive dynamic apha-
sia and Parkinsonism: Generation, selection and sequencing
deficits. Neuropsychologia 51, 2534-2547.

Ash S, Jester C, York C, Kofman OL, Langey R, Halpin A,
Firn K, Perez SD, Chahine L, Spindler M (2017) Longitu-
dinal decline in speech production in Parkinson’s disease
spectrum disorders. Brain Lang 171, 42-51.

Berg E, Bjornram C, Hartelius L, Laakso K, Johnels B
(2003) High-level language difficulties in Parkinson’s dis-
ease. Clin Linguist Phon 17, 63-80.

Guidi M, Paciaroni L, Paolini S, Scarpino O, Burn DJ (2015)
Semantic profiles in mild cognitive impairment associated
with Alzheimer’s and Parkinson’s diseases. Funct Neurol
30, 113.

Schrag A, Siddiqui UF, Anastasiou Z, Weintraub D, Schott
JM (2017) Clinical variables and biomarkers in prediction
of cognitive impairment in patients with newly diagnosed
Parkinson’s disease: A cohort study. Lancet Neurol 16,
66-75.



