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Abstract

Background Parkinson’s disease (PD) is associated with cognitive decline through multiple mechanisms, including Alzhei-
mer’s disease (AD) pathology and cortical Lewy body involvement. However, its underlying mechanisms remain unclear.
Recently, AD-related plasma biomarkers have emerged as potential tools for predicting abnormal pathological protein
accumulation. We aimed to investigate the association between AD-related plasma biomarkers and cognitive decline in PD
patients.

Methods Plasma biomarkers were measured in 70 PD patients (49 with nondemented Parkinson’s disease (PDND) and 21
with Parkinson’s disease dementia (PDD)) and 38 healthy controls (HCs) using a single-molecule array. The study evaluated
(1) the correlation between plasma biomarkers and clinical parameters, (2) receiver operating characteristic curves and areas
under the curve to evaluate the discrimination capacity of plasma biomarkers among groups, and (3) a generalized linear
model to analyze associations with Addenbrooke’s Cognitive Examination-Revised and Montreal Cognitive Assessment-
Japanese version scores.

Results Plasma glial fibrillary acidic protein significantly correlated with cognitive function tests, including all subdo-
mains, with a notable increase in the PDD group compared with the HC and PDND groups, while plasma neurofilament
light chain captured both cognitive decline and disease severity in the PDND and PDD groups. Plasma beta-amyloid 42/40
and pholphorylated-taul81 indicated AD pathology in the PDD group, but plasma beta-amyloid 42/40 was increased in the
PDND group compared with HCs and decreased in the PDD group compared with the PDND group.

Conclusions AD-related plasma biomarkers may predict cognitive decline in PD and uncover underlying mechanisms sug-
gesting astrocytic pathologies related to cognitive decline in PD.
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ROC Receiver operating characteristic AD-related plasma biomarkers and the clinical presentation
Simoa Single-molecule array of cognitive impairment in PD.

Methods
Introduction

Participants

Parkinson’s disease (PD) is the second most prevalent neuro-
degenerative disorder, after Alzheimer’s disease (AD). The
prevalence of PD increases with age, and the number of
patients is increasing proportionally with the aging popula-
tion [1]. Although numerous symptomatic treatments have
been developed for motor symptoms, cognitive impairment
remains a significant challenge for patients with PD and their
caregivers, as it is closely associated with a poor quality
of life (QOL) and caregiver burden [2]. A recent system-
atic review and meta-analysis demonstrated that 26.3% of
patients with PD were diagnosed with dementia (PDD) [3];
however, the underlying mechanisms of cognitive decline
in PD are not entirely understood, and multiple mechanisms
have been reported, including AD pathologies and cortical
involvement of Lewy bodies [4-6].

The recent advances in blood-based biomarkers of patho-
logical changes in AD, such as plasma beta-amyloid (Ap)
and phosphorylated tau (p-tau), have made these biomark-
ers more accessible and their evaluation more prevalent [7,
8]. Plasma AP42/40 is a reliable marker of the neocortical
AP burden, as validated by positron emission tomography
(PET) in AD patients [9], whereas plasma p-taul81 corre-
lates with Ap and tau PET uptake [10]. In addition, plasma
neurofilament light chain (NfL), a marker of axonal damage,
increases in various neurodegenerative diseases [11], and
plasma glial fibrillary acidic protein (GFAP) is a marker
of reactive astrogliosis and is elevated in the early stages
of AD [12]. The recent studies have demonstrated an asso-
ciation between AD-related plasma biomarkers and cogni-
tive impairment in patients with PD [13, 14]. However, the
biomarkers analyzed in these studies were limited, and a
comprehensive comparison of the clinical significance of
multiple biomarkers has not been performed.

Cognitive impairment in PD is believed to be heterogene-
ous and span multiple cognitive domains, such as memory,
attention, visuospatial abilities, and executive functions [6,
15, 16]. Moreover, the cognitive function domains that affect
QOL can differ with the progression of cognitive dysfunc-
tion in patients with PD [17]. Therefore, this study aimed
to compare six plasma biomarkers (Ap42, Ap40, Ap42/40,
p-taul81, GFAP, and NfL) between patients with PD and
healthy controls (HCs) and investigate their association with
comprehensive clinical parameters, including subitems of
cognitive scales, to provide insights into the link between
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We recruited 70 consecutive patients with PD admitted to
Fujita Health University Hospital between May 2020 and
September 2021. All patients with PD fulfilled the Move-
ment Disorder Society (MDS) clinical diagnostic criteria
[18]. Patients with PD were further subcategorized into
nondemented Parkinson’s disease (PDND) and Parkinson’s
disease dementia (PDD) groups [19], with the latter diag-
nosed based on the MDS Task Force algorithm [20]. In
the PD group, 21 patients (30.0%) were diagnosed with
PDD, while the remaining 49 patients were classified as
having PDND. We also enrolled 38 age- and sex-matched
HCs from our ongoing aging cohort study at Fujita Health
University, Japan. HCs were included based on the follow-
ing criteria: (1) cognitively normal with Mini-Mental State
Examination (MMSE) scores greater than 25 [21] and an
Addenbrooke’s Cognitive Examination-Revised (ACE-R)
total score greater than 88 [22] without a history of neu-
rological or psychiatric disorders and (2) no observable
anatomical abnormality in the brain according to magnetic
resonance imaging.

This study was approved by the ethics committee of
Fujita Health University Hospital, and all participants pro-
vided written informed consent before participation, as
well as opt-out consent.

Clinical evaluation

Motor and nonmotor symptoms related to PD were
assessed using the Japanese version of the Movement Dis-
order Society’s Unified PD Rating Scale (MDS-UPDRS)
[23]. Cognitive performance was evaluated using the Fron-
tal Assessment Battery (FAB) [24], ACE-R, MMSE, and
the Japanese version of the Montreal Cognitive Assess-
ment (MoCA-J) [25]. The MoCA was evaluated using
the total score and six subscores consisting of attention,
orientation, executive, memory, language, and visuospa-
tial domains, which were proposed in the original MoCA
manuscript [25]. The ACE-R was evaluated using the
total score and five subscores comprising orientation and
attention, memory, verbal fluency, language, and visuos-
patial abilities. We also assessed the participants using
the Parkinson’s Disease Questionnaire-39 Summary Index,
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Geriatric Depression Scale-15, Odor Stick Identification
Test for the Japanese (OSIT-J) score, Japanese version of
the REM Sleep Behavior Disorder Screening Question-
naire, Scales for Outcomes in Parkinson’s Disease-Auto-
nomic, Epworth Sleepiness Scale, and Japanese version of
the Questionnaire for Impulsive — Compulsive Disorders in
Parkinson’s Disease. The levodopa equivalent daily dose
was calculated according to established formulae [26]
with additional consideration of opicapone and safinamide
intake [27]. We performed all neurological evaluations of
patients with PD during the ‘on’ condition.

Sample collection and assays of plasma biomarkers

To obtain plasma from all recruited participants, blood sam-
ples were collected after more than 6 h of fasting. The samples
were centrifuged for 10 min at 1500g, and 500 pL aliquots of
plasma were immediately frozen and stored at— 80 °C until
assayed. Each aliquot was divided to avoid repeated freez-
ing and thawing. The plasma GFAP, NfL, Ap40, Ap42, and
p-taul81 levels were determined with a single-molecule array
(Simoa) using the Simoa Human Neurology 4-Plex E kit and
the Simoa pTau-181 V2 Advantage kit (Quanterix, Billerica,
MA, USA), according to the manufacturer’s protocol. Plasma
samples were tested in duplicate. In the analysis of plasma
NIfL levels, we excluded one patient with PD who had a recent
traumatic episode.

Statistical analysis

JMP software, version 16 (SAS Institute, Cary, NC, USA)
was used for statistical analyses. Differences were considered
statistically significant at a value of p <0.05. Fisher’s exact
test was used to compare the sex distribution between the
two groups. We assessed the normality of the variables and
homoscedasticity using the Shapiro—Wilk test and Levene’s
test, respectively. The Wilcoxon’s rank sum test was used to
compare continuous variables between the two groups because
assumptions of normality or homogeneity of variance were
violated. Statistical significance among the three groups was
analyzed using the Kruskal-Wallis test followed by post hoc
Steel-Dwass multiple comparison tests. Correlations between
continuous variables were assessed using Spearman’s rank
correlation test. Continuous variables are expressed as the
mean =+ standard deviation. In addition, we used a general-
ized linear model to evaluate the effects of plasma biomark-
ers and clinical parameters on the MoCA-J and ACE-R total
scores, based on the outcomes of the univariate analyses.
To evaluate the discrimination capacity of plasma biomark-
ers among groups, a receiver-operating characteristic (ROC)
curve was constructed and the area under the curve (AUC)
was determined.

Results
Participant characteristics

Table 1 illustrates the clinical characteristics of individuals
in the PD and HC groups. Patients with PD exhibited sig-
nificantly lower education levels (p=0.0146), higher depres-
sion scores (Geriatric Depression Scale-15: p <0.0001), and
lower scores on global cognitive scales (MMSE, ACE-R
total score, and MoCA-J total score: p <0.0001) than did
HCs but did not differ in age at examination and sex. Sup-
plementary Table 1 summarizes the clinical characteris-
tics of the individuals in the HC, PDND, and PDD groups.
Notably, patients with PDD displayed a significantly older
age at examination (p =0.0104) and onset (p =0.0127), a
lower education level (p =0.0121), a higher Hoehn and Yahr
(HY) scale (p =0.0372), more severe hyposmia (OSIT-J
score: p=0.0003), and lower scores on global cognitive
scales (MMSE, ACE-R total score, and MoCA-J total score:
p<0.0001) than did patients with PDND.

Comparison of plasma biomarker levels
between the PD and HC groups

Figure la and b demonstrates that the GFAP and NfL
levels were significantly higher in the PD group than in
the HC group (PD group: 144 +65.6 pg/mL, HC group:
115+39.1 pg/mL, p=0.0363; and PD group: 39.8 +32.5 pg/
mL, HC group: 13.9+4.45 pg/mL, p <0.0001; respec-
tively). Conversely, there was no significant difference
in the p-taul81 level between the two groups (PD group:
2.15+1.33 pg/mL, HC group: 1.62 +0.684 pg/mL,
p=0.0989) (Fig. 1c). With regard to Ap, patients with PD
exhibited significantly higher Ap42/40 levels than did HCs
(PD group: 0.0709 +0.0128, HC group: 0.0646+0.0139,
p=0.0011) (Fig. 1d), whereas the analyses of Ap40 and
Ap42 separately showed no significant difference between
the PD and HC groups (PD group: 96.0+20.0 pg/mL, HC
group: 100.0+15.8 pg/mL, p=0.2429; and PD group:
6.74+1.67 pg/mL, HC group: 6.43 +1.49 nmol/h/mL,
p=0.3940; respectively) (Fig. le, f).

Association of plasma biomarkers with clinical
parameters in PD patients

Table 2 summarizes the relationships between the six
plasma biomarkers and clinical indices in the PD group.
Plasma GFAP, NfL, p-taul81, and Ap40 levels were sig-
nificantly positively correlated with age at examination
and age at onset. Significant positive correlations were
found between GFAP and MDS-UPDRS I scores, NfL
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Table 1 The clinical
characteristics of the

Characteristics

HC (N=38) Mean+SD (range) PD (N=70) Mean+SD (range) p value

participants in the PD and HC Age at examination (years) 68.4+4.89 (61-79) 69.7 + 8.40 (48-82) 0.1032
group Sex (male/female) 19/19 41/29 0.4229
Age at onset (years) 62.1+9.78 (36-77)
Disease duration (months) 91.3+50.6 (9-237)
Education (years) 13.9+1.80 (12-16) 12.7+2.58 (9-18) 0.0146
LEDD (mg) 647 +339 (0-1425)
MDS-UPDRS I 10.8 +£5.83 (0-25)
MDS-UPDRS II 15.1+£8.34 (0-36)
MDS-UPDRS III 35.6+16.4 (7-78)
MDS-UPDRS IV 5.41+4.47 (0-14)
HY 3.11+1.04 (1-5)
PDQ-39 SI 30.1+15.8 (2.1-71.3)
SCOPA-AUTO 15.0+8.03 (2-47)
GDS-15 2.55+2.16 (0-8) 6.91+3.73 (0-15) <0.0001
J-QUIP 0.657+0.976 (0-3)
RBDSQ-J 5.24+2.95 (1-11)
ESS 9.20+5.87 (0-24)
OSIT-J score 3.59+2.54 (0-11)
MMSE 28.7+1.19 (26-30) 26.0+4.35 (5-30) <0.0001
ACE-R total score 95.0+2.99 (89-100) 83.0+15.4 (17-99) <0.0001
MoCA-J total score 24.8+2.67 (20-30) 21.1+£5.07 (2-29) <0.0001

FAB

13.0+2.80 (5-18)

Significance was tested using the Wilcoxon rank sum test

PD Parkinson's disease, HC healthy control, LEDD Levodopa equivalent daily dose, MDS-UPDRS Move-
ment Disorder Society’s Unified Parkinson's Disease Rating Scale, HY Hoehn — Yahr scale, PDQ-39 SI
Parkinson's Disease Questionnaire-39 Summary Index, SCOPA-AUT Scales for Outcomes in Parkinson's
Disease-Autonomic, GDS-15 Geriatric Depression Scale-15, J-QUIP Japanese version of the Question-
naire for Impulsive — Compulsive Disorders in Parkinson's Disease, RBDSQ-J Japanese version of the
REM Sleep Behavior Disorder Screening Questionnaire, ESS Epworth Sleepiness Scale, OSIT-J Odor Stick
Identification Test for Japanese, MMSE Mini-Mental State Examination, ACE-R Addenbrooke’s Cogni-
tive Examination-Revised, MoCA-J Japanese version of the Montreal Cognitive Assessment, FAB Frontal

Assessment Battery

*Bold letters indicate a statistically significant difference

and MDS-UPDRS II scores, and GFAP, NfL, p-taul81,
or AB40 and the HY scale. GFAP also showed a significant
negative correlation with OSIT-J scores. Furthermore, NfLL
and especially GFAP were significantly negatively cor-
related with MMSE, ACE-R, MoCA-J, and FAB scores
(Fig. 2a-h). However, Ap40 was weakly correlated with
MMSE and ACE-R scores, Ap42/40 was only weakly
correlated with MMSE scores, and p-taul81 was weakly
correlated with ACE-R and FAB scores. Notably, GFAP
was negatively correlated with all ACE-R and MoCA-
J subscores; NfL was negatively correlated with all but
the language subscore of the MoCA-J, while p-taul81,
Ap42/40, AP40, and AP42 showed significant correlations
with only some subscores (Table 3). Conversely, in the HC
group, these six plasma biomarkers showed no significant
correlation with MMSE, ACE-R, or MoCA-J scores.

@ Springer

Comparison of plasma biomarker levels
in the PDND, PDD, and HC groups

Figure 1g—1 and Supplementary Table 1 show the multiple
comparison results of the six plasma biomarkers among the
HC, PDND, and PDD groups. Steel-Dwass post hoc com-
parisons showed that patients with PDD had higher GFAP
levels than did HCs (p <0.0001) and patients with PDND
(p=0.0008) (Fig. 1g). The NfL levels significantly differen-
tiated PDD patients from patients with PDND (p=0.0291)
and differentiated both patients with PDND (p <0.0001)
and those with PDD (p <0.0001) from HCs (Fig. 1h).
Regarding p-taul81 levels, there was a significant differ-
ence between HCs and patients with PDD but not between
HCs and patients with PDND (Fig. 1i). Although no sig-
nificant differences were observed in multiple comparisons
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Fig.1 Comparison of plasma biomarker levels. 1 Comparison results
between the two groups of PD and HC in plasma levels of GFAP (a),
NfL (b), p-taul81 (c), Ap42/40 (d), Ap40 (e) and AP42 (f). Signifi-
cance was tested using the Wilcoxon rank sum test. 2 Multiple com-
parison results among the three groups of HC, PDND, and PDD in
plasma levels of GFAP (g), NfL (h), p-taul81 (i), AB42/40 (j), Ap40

of AP40 and AP42 (Fig. 1k, 1), patients with PDND pre-
sented significantly higher Ap42/40 levels than those of HCs
(»=0.0001) and PDD patients (p =0.0195) (Fig. 1j). There
were no significant differences between patients with PDD
and HCs (Fig. 1j). Regarding the ROC analysis conducted
on the six plasma biomarkers across various groups (Fig. 3
and Table 4), NfL and Ap42/40 effectively distinguished
the HC and PDND groups (AUC values: NfL, 0.8457;
AP42/40, 0.7597), whereas GFAP and NfL exhibited excel-
lent discriminatory potential in distinguishing the HC and
PDD groups (AUC values: GFAP, 0.8396; NfL, 0.9148;
GFAP*NIfL, 0.9236). Notably, GFAP and Ap42/40 demon-
strated significant discriminatory capacity in differentiating
between the PDND and PDD groups (AUC values: GFAP,
0.7765; Ap42/40, 0.7046).

Relationships between plasma biomarkers

Spearman’s rank correlation coefficients, along with their
respective p values, are summarized in a correlation matrix
(Supplementary Fig. 1). Within the PD group, a substan-
tial number of correlations was observed between the

(k) and AB42 (1). Significance was tested with Kruskal — Wallis test
followed by post hoc Steel —Dwass multiple comparison tests. PD
Parkinson’s disease, HC healthy control, PDND nondemented Parkin-
son’s disease, PDD Parkinson’s disease dementia, GFAP glial fibril-
lary acidic protein, NfL neurofilament light chain, p-fau phosphoryl-
ated tau, Af amyloid beta, N.S. not significant

interrelationships among the six biomarkers. Conversely,
in the HC group, only the relationships between Ap42
and AP40 levels, AP42 and AP42/40 levels, and NfL and
p-taul81 levels showed significant positive correlations.

Modeling analysis for the ACE-R and MoCA-J

Table 5 presents the results of the generalized linear model
analysis of the effects of plasma biomarkers and possible
confounders on the ACE-R and MoCA-J scores. Education,
GFAP levels, and NfL levels were significantly associated
with the ACE-R scores, while GFAP and NfL levels showed
a tendency to correlate with the MoCA-J scores, but not
significantly.

Discussion
In this study, plasma GFAP exhibited a significant corre-
lation with global cognitive function and all of its subdo-

mains, with a notable increase in the PDD group compared
with both the HC and PDND groups. Similarly, plasma
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Fig.2 Correlation between the levels of plasma GFAP or NfL and
the scores of cognitive scales in the PD group. Correlation between
plasma GFAP levels and MMSE (a), ACE-R (b), MoCA-J (c), and
FAB (d). Correlation between plasma NfL levels and MMSE (e),
ACE-R (f), MoCA-J (g), and FAB (h). The Spearman’s rank correla-
tion test was used to determine significant correlations. PD Parkin-

NfL demonstrated a significant correlation with global
cognitive function and exhibited a significant increase in
the PDD group when compared with that in the HC group.
However, unlike plasma GFAP, plasma NfL also displayed
a significant correlation with disease severity and was
increased in the PDND group compared with that in the
HC group. Although Ap42/40 and p-taul81 did not show
any correlation with global cognitive function, both a sig-
nificant decrease in AP42/40 and an increase in p-taul§1
levels in the PDD group compared with those in the PDND
group supported prior research indicating the presence of
AD pathology in the PDD group. Intriguingly, a distinctive
finding was observed for Ap42/40, with levels increasing in
the PDND group compared with those in HCs but decreas-
ing in the PDD group. Taken together, plasma GFAP and
NfL levels may reflect widespread reactive astrogliosis or
neuronal damage in PD before the onset of AD-related neu-
rodegeneration. The study also indicated that AD pathology
may be involved in the development of PDD.

Plasma GFAP in PD patients

Plasma GFAP serves as a biomarker for astrocytic activa-
tion [28], and reactive astrogliosis is increasingly being
implicated in PD pathogenesis [29]. Pathological studies
of the post mortem brains of patients with Lewy body

1
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100 150 200

NfL (pg/mL)

T T 1
100 150 200 0

NfL (pg/mL)

50

son’s disease, GFAP glial fibrillary acidic protein, NfL neurofilament
light chain, MMSE Mini-Mental State Examination, ACE-R Adden-
brooke’s Cognitive Examination-Revised, MoCA-J Japanese version
of the Montreal Cognitive Assessment, FAB Frontal Assessment Bat-
tery

disorder have revealed that astrocytic alpha-synuclein
accumulation contributes significantly to alpha-synuclein
pathology [30]. Although the relationship between plasma
GFAP levels and clinical scores in PD patients remains
incompletely understood, recent studies have demonstrated
higher plasma GFAP levels in PD patients with demen-
tia and mild cognitive impairment than in controls [14,
31]. Moreover, these studies identified a significant nega-
tive correlation between plasma GFAP levels and MMSE
scores in all participants with PD.

Neural networks that cause cognitive symptoms in
patients with PDD are widely distributed and diverse,
with overlapping functions that depend on primary neu-
rotransmitters [32]. Evidence suggests that damage to one
network may influence another, as neurotransmitters can
modulate each other’s effects [33], although the cellular-
level pathology in PDD is heterogeneous, and the effects
of different genes are still being uncovered [32]. Our find-
ings revealed that plasma GFAP levels were negatively
correlated with not only the total MMSE, MoCA-J, ACE-
R, and FAB scores but also with all subcategories of the
MoCA-J and ACE-R. These findings suggest that astro-
cytic pathology may be a common feature of cognitive
decline in PD irrespective of the involvement of different
cognitive networks.
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Fig.3 ROC analysis in the discrimination capacity of the six plasma
biomarkers among groups. ROC curves and AUC for differentiation
between HC and PDND (a), HC and PDD (b), PDD and PDND (¢).
The numbers in the brackets indicate the 95% confidence intervals for
the AUC. ROC receiver operating characteristic, AUC area under the

Plasma NfL in PD patients

Plasma NfL is a component of the neuronal cytoskeleton,
and increased plasma NfL has been shown to serve as a
biomarker for a variety of neurodegenerative diseases [11].
Although controversy remains as to whether plasma NfL
levels are elevated in patients with PD compared with those
in HCs [14, 34-36], the NfL value has been significantly
associated with both motor severity and cognitive decline
in PD [37-39], suggesting its usefulness as a disease pro-
gression marker in PD. We confirmed that plasma NfL was
negatively correlated with MMSE, ACE-R, MoCA-J, and
FAB scores, although the correlations tended to be weaker
than those of GFAP. Plasma NfL, in contrast to GFAP, was
also positively correlated with the MDS-UPDRS Part IT and
HY scale. GFAP and NfL could be biomarkers of cognitive
decline in PD, but it should be considered that NfL can also
reflect motor symptoms.

Plasma p-tau 181 in PD patients
Plasma p-taul81 is a useful diagnostic and prognostic bio-

marker of AD, correlates with cerebrospinal fluid (CSF)
p-taul81, and predicts AP and tau positivity on PET [10].

—T— T T T 1 t
0 20 40 60 80 100 0
100% - Specificity%

— T T T 1
20 40 60 80 100
100% - Specificity%

r—T—T— T T 1
0 20 40 60 80 100
100% - Specificity%

curve, GFAP glial fibrillary acidic protein, NfL neurofilament light
chain, A amyloid beta, p-fau phosphorylated tau, HC healthy con-
trol, PDND nondemented Parkinson’s disease, PDD Parkinson’s dis-
ease dementia. The asterisk denotes a biomarker with an acceptable
or higher AUC value (>0.7, bold letters)

Evidence suggests that tau is involved in the pathophysi-
ology of PD, with tau and alpha-synuclein colocalizing in
Lewy bodies [40]. Moreover, a genome-wide association
study identified MAPT, the gene encoding the tau protein,
as a risk factor for PD [41].

Higher plasma p-taul81 levels have been reported in
patients with PD than in HCs, but no significant associa-
tion has been observed between plasma p-taul81 levels and
PD-related clinical indices, including the HY and cognitive
scales [13, 35]. In our study, patients with PD showed a
tendency toward higher plasma p-taul81 levels than those
in HCs, but the difference was not significant. Only patients
with PDD showed a significant increase in plasma p-taul81
levels when compared with HCs. Although the clinical sig-
nificance of plasma p-taul81 in PD remains unclear, our
study suggests its potential relevance in advanced cognitive
decline in PD.

Plasma A in PD patients
Previous studies have demonstrated that plasma Ap42/40
levels decrease in individuals with amyloid PET-positive AD

[9, 42]. Although the global A load on PET is negatively
associated with memory and language functions [43], the
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Table 4 The ROC analysis of

- . . Plasma biomarker ~ Cutoff value Sensitivity; % Specificity; % AUC (95% CI) p value

the six plasma biomarkers in the

discrimination capacity among HC VS PDND

the groups GFAP 187.0 16.33 97.37 0.5295 (0.4077-0.6513)  0.6379
NfL 22.54 60.42 94.74 0.8457 (0.7658-0.9255) <0.0001
AB40 85.28 36.73 86.84 0.6184 (0.5011-0.7357) 0.0592
AB42 7.644 28.57 89.47 0.5443 (0.4225-0.6662) 0.4802
AB42/40 0.07199 67.35 81.58 0.7597 (0.6568-0.8625) <0.0001
p-taul81 2.244 38.78 84.21 0.5585 (0.4376-0.6795) 0.3509

HC VS PDD
GFAP 148.0 76.19 78.95 0.8396 (0.7280 to 0.9512)  <0.0001
NfL 22.37 76.19 94.74 0.9148 (0.8302 t0 0.9994)  <0.0001
AB40 107.3 47.62 73.68 0.5476 (0.3818 t0 0.7134)  0.5475
AB42 7.985 33.33 89.47 0.5614 (0.3972 to 0.7256)  0.4379
AP42/40 0.07751 19.05 94.74 0.5282 (0.3771 to 0.6853)  0.7217
p-taul81 1.595 76.19 63.16 0.6880 (0.5319 t0 0.8441)  0.0176
PDD VS PDND

GFAP 125.1 90.48 59.18 0.7765 (0.6609-0.8920) 0.0003
NfL 53.28 52.38 91.67 0.6944 (0.5454-0.8435) 0.0106
AB40 107.3 47.62 83.67 0.6511 (0.5027-0.7996) 0.0463
AB42 7.985 33.33 81.63 0.5248 (0.3689-0.6806) 0.7438
AB42/40 0.06384 7143 75.51 0.7046 (0.5663-0.8428) 0.0070
p-taul81 1.789 7143 57.14 0.6190 (0.4780-0.7601) 0.1164

ROC receiver operating characteristic, HC healthy control, PDND nondemented Parkinson’s disease, AUC
area under the curve, CI confidence intervals, GFAP glial fibrillary acidic protein, NfL neurofilament light
chain, Af amyloid beta, p-tau phosphorylated tau, PDD Parkinson’s disease dementia

*Bold letters indicate an acceptable or higher AUC value (>0.7)

Table 5 The results of the

generalized linear models for
ACE-R and MoCA-J based on ACE-R
plasma biomarkers and possible

Covariate/factor Estimate LR chi-square p value Lower 95% Upper 95%

confounders in the PD group GFAP —0.0008 6.7921 0.0092 —0.0013 —0.0002
NfL —0.0016 8.6069 0.0033 —0.0027 —0.0005
p-taul81 0.0128 0.7994 0.3713 —0.0153 0.0406
AB40 —0.0001 0.0048 0.9449 —0.0017 0.0015
Age at examination —0.0026 1.6561 0.1981 —0.0066 0.0014
Education 0.0233 13.6439 0.0002 0.0109 0.0356
HY —0.0254 3.0001 0.0833 —0.0542 0.0033

MoCA-J-
GFAP —0.0010 3.4262 0.0642 —0.0021 0.0001
NfL —0.0021 3.7233 0.0537 —0.0042 <0.0001
Age at examination —0.0046 1.4057 0.2358 —-0.0123 0.0030
Education 0.0115 1.0167 0.3133 —0.0108 0.0336
HY —0.0406 2.0441 0.1528 —0.0963 0.0151

ACE-R Addenbrooke’s Cognitive Examination-Revised, MoCA-J Japanese version of the Montreal Cog-
nitive Assessment, PD Parkinson's disease, GFAP glial fibrillary acidic protein, NfL neurofilament light
chain, p-tau phosphorylated tau, Af amyloid beta, HY Hoehn — Yahr scale, LR likelihood ratio

*Bold letters indicate a correlation with a statistically significant difference
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relationship between plasma Ap42/40 levels and Ap pathol-
ogy in the brain has not been fully investigated in PD.

Our study found that plasma Ap42/40 levels were signifi-
cantly higher in patients with PD, especially PDND, than
those in HCs, which is consistent with a previous report
regarding the use of plasma biomarkers for the differen-
tial diagnosis of Parkinson syndromes [44]. The detailed
mechanisms underlying the higher plasma Ap42/40 levels in
patients with PD remain unknown, but one possible expla-
nation is that alpha-synuclein uptake may interfere with
monomeric AB40 [45]. Another study showed decreased
AP40 levels with increased alpha-synuclein levels in
patients with PD [46]. A head-to-head comparison study of
plasma biomarkers in multiple system atrophy, a synucle-
inopathy similar to PD, demonstrated decreased Ap40 and
increased AP42/40 levels, which supports this hypothesis
[47]. Although plasma AP40 levels were not significantly
decreased in patients with PD compared with those in HCs,
alpha-synuclein may influence plasma A levels in patients
with PD.

However, multiple comparison results showed decreased
plasma Ap42/40 levels in patients with PDD compared with
those in PDND patients but not with those in HCs. ROC
analysis also showed that decreased plasma Ap42/40 levels
could be a supportive finding to distinguish patients with
PDD from those with PDND. This could suggest that amy-
loid pathology is more developed in patients with PDD than
in patients with PDND which is consistent with a previ-
ous meta-analysis demonstrating the involvement of amy-
loid pathology in the development of PDD [48]. Our study
indicated plasma AP42/40 levels might exhibit divergent
changes in patients with PD without cognitive impairment
and in patients with PDD.

Because plasma Ap40, Ap42, and AP42/40 levels showed
limited correlations with plasma GFAP, NfL, and p-tau 181
levels compared with those of AD patients, the dynamics
of plasma Ap42/40 in PD may differ from those of amyloid
PET and CSF Ap42/40. Further studies in larger PD cohorts
with PET imaging, CSF, and blood measurements of AP
and alpha-synuclein pathology are needed to provide more
insight.

Significance of plasma biomarkers in the clinical
presentation of PD

The results of this study suggest that in cognitive impairment
in PD, elevated plasma GFAP and NfL levels precede the
appearance of abnormalities in A 42/40 and p-taul81 levels,
which occur only after marked progression of dementia. Patho-
logical analysis of post mortem brains showed an increased
severity of alpha-synuclein pathology in the limbic and cor-
tical regions of PDD patients compared with those of PD
patients with normal cognition, but no change was observed

in the severity of tau or AP pathology [49]. Autopsy stud-
ies have reported an association between plasma GFAP and
AD pathology including A and tau in Lewy body spectrum
disorders [50]. In contrast, our results showed that AB42/40
levels were decreased in the PDD group compared with those
in the PDND group and that p-taul81 levels were increased
in the PDD group compared with those in HCs. This finding
is consistent with the reports that PD with Af accumulation
is a significant predictor of cognitive decline [51] and that
approximately one-third to half of patients with PDD exhibit
abnormal Af accumulation on PET [52, 53].

Traditionally, cognitive dysfunction in PD is thought to
be preceded by frontal lobe-based deficits in working mem-
ory, executive function, and attention [54]. However, the
recent investigations suggest that a wide range of domains
is impaired, including executive function, memory, visuos-
patial function, attention, and language [55]. The pathogen-
esis of this clinical condition is difficult to explain by the
alpha-synuclein propagation hypothesis and complications
of AD pathology. The failure of numerous clinical trials tar-
geting cognitive decline in PD to date also suggests a need
to consider a new pathological hypothesis [56]. Our study
showed that the etiology of cognitive decline in PD is intri-
cate, with astrocytic lesions playing a significant role, while
the impacts of alpha-synuclein, tau, and Af pathology may
differ depending on the severity of cognitive decline. AD-
related plasma biomarkers could be valuable in elucidating
the underlying pathological mechanisms of cognitive decline
in PD and in developing preventative measures to mitigate
this condition.

Limitations

First, this was a single-center study, and the number of par-
ticipants was relatively limited. Second, diagnoses of our
participants were based on the clinical evaluations rather
than neuropathological confirmation. Third, we did not
perform the comparison of AD-related plasma biomarkers
to patients with AD and patients with dementia with Lewy
bodies. Fourth, AD-related CSF biomarkers including CSF
Ap42/40, CSF p-tau, and CSF NfL for cross comparison
were not examined. Finally, we did not conduct PET imaging
to detect A and tau; therefore, the neocortical burden of AP
and tau related to AD pathology was not evaluated. Further
studies considering these limitations would be important for
verifying our findings and analyses in this study.

Conclusion
This study examined the association between six plasma

biomarkers and cognitive decline in patients with PD.
The results demonstrated that plasma GFAP is a reliable
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indicator of cognitive decline, while NfL captured both cog-
nitive decline and disease severity in both the PDND and
PDD groups. Although the plasma Ap42/40 and p-taul81
levels were not correlated with ACE-R and MoCA-J scores,
they showed noteworthy changes in the PDD group, sug-
gesting the involvement of AD pathology in severe cognitive
decline in PD patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00415-023-11875-z.

Author contributions YM managed the plasma samples, analyzed the
data, and drafted the manuscript. RO, AH, SS, AU, and MI contributed
to the clinical evaluation of participants and sample collection. HT and
TT contributed to the measurement of the plasma biomarkers. HW
designed and supervised the study, advised on the statistical analyses,
and revised the manuscript.

Funding The present work was supported by JSPS KAKENHI Grant
Numbers JP21K07428 and JP22K07508 and AMED under Grant Num-
ber 22dk0207055h0002.

Data availability The data generated during this study are available
from the corresponding author upon reasonable request.

Declarations

Conflicts of interest The authors declare that they have no competing
interests associated with this manuscript.

Ethical standard statement All participants provided written informed
consent before participation, as well as opt-out consent. This study was
approved by the ethics committee of Fujita Health University Hospital
and was conducted in accordance with the regulations of the Helsinki
Declaration.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Dorsey ER, Sherer T, Okun MS, Bloemd BR (2018) The emerg-
ing evidence of the Parkinson pandemic. J Parkinsons Dis
8(s1):S3-S8

2. Leroi I, McDonald K, Pantula H, Harbishettar V (2012) Cogni-
tive impairment in Parkinson disease: impact on quality of life,
disability, and caregiver burden. J Geriatr Psychiatry Neurol
25(4):208-214. https://doi.org/10.1177/0891988712464823

3. Severiano E, Sousa C, Alarcado J, Martins IP, Ferreira JJ (2022)
Frequency of dementia in Parkinson’s disease: a systematic review

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

and meta-analysis. J Neurol Sci 432:120077. https://doi.org/10.
1016/j.jns.2021.120077

Sabbagh MN, Adler CH, Lahti TJ et al (2009) Parkinson disease
with dementia: comparing patients with and without Alzheimer
pathology. Alzheimer Dis Assoc Disord 23(3):295-297. https://
doi.org/10.1097/WAD.0b013e31819c5ef4

Hurtig HI, Trojanowski JQ, Galvin J et al (2000) Alpha-synu-
clein cortical Lewy bodies correlate with dementia in Parkinson’s
disease. Neurology 54(10):1916-1921. https://doi.org/10.1212/
WNL.54.10.1916

Aarsland D, Batzu L, Halliday GM et al (2021) Parkinson disease-
associated cognitive impairment. Nat Rev Dis Primers 7(1):47.
https://doi.org/10.1038/s41572-021-00280-3

Hansson O (2021) Biomarkers for neurodegenerative dis-
eases. Nat Med 27(6):954-963. https://doi.org/10.1038/
$41591-021-01382-x

Pichet Binette A, Janelidze S, Cullen N et al (2023) Confounding
factors of Alzheimer’s disease plasma biomarkers and their impact
on clinical performance. Alzheimers Dement 19(4):1403-1414.
https://doi.org/10.1002/alz.12787

Schindler SE, Bollinger JG, Ovod V et al (2019) High-precision
plasma B-amyloid 42/40 predicts current and future brain amyloi-
dosis. Neurology 93(17):e1647—e1659. https://doi.org/10.1212/
WNL.0000000000008081

Janelidze S, Mattsson N, Palmqyvist S et al (2020) Plasma P-taul81
in Alzheimer’s disease: relationship to other biomarkers, difter-
ential diagnosis, neuropathology and longitudinal progression to
Alzheimer’s dementia. Nat Med 26(3):379-386. https://doi.org/
10.1038/541591-020-0755-1

Ashton NJ, Janelidze S, Al Khleifat A et al (2021) A multicen-
tre validation study of the diagnostic value of plasma neurofila-
ment light. Nat Commun 12(1):3400. https://doi.org/10.1038/
$41467-021-23620-z

Pereira JB, Janelidze S, Smith R et al (2021) Plasma GFAP is an
early marker of amyloid-f but not tau pathology in Alzheimer’s
disease. Brain 144(11):3505-3516. https://doi.org/10.1093/brain/
awab223

Pagonabarraga J, Pérez-Gonzéilez R, Bejr-kasem H et al (2022)
Dissociable contribution of plasma NfL and p-taul81 to cognitive
impairment in Parkinson’s disease. Parkinsonism Relat Disord
105:132-138. https://doi.org/10.1016/j.parkreldis.2022.05.020
Tang Y, Han L, Li S et al (2023) Plasma GFAP in Parkinson’s
disease with cognitive impairment and its potential to predict con-
version to dementia. NPJ Parkinsons Dis 9(1):23. https://doi.org/
10.1038/541531-023-00447-7

Litvan I, Goldman JG, Troster Al et al (2012) Diagnostic criteria
for mild cognitive impairment in Parkinson’s disease: Movement
Disorder Society Task Force guidelines. Mov Disord 27(3):349—
356. https://doi.org/10.1002/mds.24893

Emre M, Aarsland D, Brown R et al (2007) Clinical diagnostic
criteria for dementia associated with Parkinson’s disease. Mov
Disord 22(12):1689-1707. https://doi.org/10.1002/mds.21507
Tang Y, Liang X, Han L et al (2020) Cognitive function and qual-
ity of life in Parkinson’s disease: a cross-sectional study. J Parkin-
sons Dis 10(3):1209-1216. https://doi.org/10.3233/JPD-202097
Postuma RB, Berg D, Stern M et al (2015) MDS clinical diag-
nostic criteria for Parkinson’s disease. Mov Disord 30(12):1591-
1601. https://doi.org/10.1002/mds.26424

Lin YS, Lee WJ, Wang SJ, Fuh JL (2018) Levels of plasma neu-
rofilament light chain and cognitive function in patients with Alz-
heimer or Parkinson disease. Sci Rep 8(1):17368. https://doi.org/
10.1038/541598-018-35766-w

Dubois B, Burn D, Goetz C et al (2007) Diagnostic procedures for
Parkinson’s disease dementia: recommendations from the Move-
ment Disorder Society Task Force. Mov Disord 22(16):2314—
2324. https://doi.org/10.1002/mds.21844


https://doi.org/10.1007/s00415-023-11875-z
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1177/0891988712464823
https://doi.org/10.1016/j.jns.2021.120077
https://doi.org/10.1016/j.jns.2021.120077
https://doi.org/10.1097/WAD.0b013e31819c5ef4
https://doi.org/10.1097/WAD.0b013e31819c5ef4
https://doi.org/10.1212/WNL.54.10.1916
https://doi.org/10.1212/WNL.54.10.1916
https://doi.org/10.1038/s41572-021-00280-3
https://doi.org/10.1038/s41591-021-01382-x
https://doi.org/10.1038/s41591-021-01382-x
https://doi.org/10.1002/alz.12787
https://doi.org/10.1212/WNL.0000000000008081
https://doi.org/10.1212/WNL.0000000000008081
https://doi.org/10.1038/s41591-020-0755-1
https://doi.org/10.1038/s41591-020-0755-1
https://doi.org/10.1038/s41467-021-23620-z
https://doi.org/10.1038/s41467-021-23620-z
https://doi.org/10.1093/brain/awab223
https://doi.org/10.1093/brain/awab223
https://doi.org/10.1016/j.parkreldis.2022.05.020
https://doi.org/10.1038/s41531-023-00447-7
https://doi.org/10.1038/s41531-023-00447-7
https://doi.org/10.1002/mds.24893
https://doi.org/10.1002/mds.21507
https://doi.org/10.3233/JPD-202097
https://doi.org/10.1002/mds.26424
https://doi.org/10.1038/s41598-018-35766-w
https://doi.org/10.1038/s41598-018-35766-w
https://doi.org/10.1002/mds.21844

Journal of Neurology (2023) 270:5461-5474

5473

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

dos Santos Kawata KH, Hashimoto R, Nishio Y et al (2012) A
validation study of the Japanese Version of the Addenbrooke’s
Cognitive Examination-Revised. Dement Geriatr Cogn Dis Extra
2(1):29-37. https://doi.org/10.1159/000336909

Mioshi E, Dawson K, Mitchell J et al (2006) The Addenbrooke’s
Cognitive Examination Revised (ACE-R): a brief cognitive
test battery for dementia screening. Int J Geriatr Psychiatry
21(11):1078-1085. https://doi.org/10.1002/gps.1610

Goetz CG, Tilley BC, Shaftman SR et al (2008) Movement Dis-
order Society-Sponsored Revision of the Unified Parkinson’s Dis-
ease Rating Scale (MDS-UPDRS): scale presentation and clini-
metric testing results. Mov Disord 23(15):2129-2170. https://doi.
org/10.1002/mds.22340

Dubois B, Slachevsky A, Litvan I, Pillon B (2000) The FAB: a
frontal assessment battery at bedside. Neurology 55(11):1621—
1626. https://doi.org/10.1212/WNL.55.11.1621

Nasreddine ZS, Phillips NA, Bédirian V et al (2005) The Mon-
treal Cognitive Assessment, MoCA: a brief screening tool for
mild cognitive impairment. J Am Geriatr Soc 53(4):695-699.
https://doi.org/10.1111/j.1532-5415.2005.53221.x

Tomlinson CL, Stowe R, Patel S et al (2010) Systematic review
of levodopa dose equivalency reporting in Parkinson’s disease.
Mov Disord 25(15):2649-2653. https://doi.org/10.1002/mds.
23429

Schade S, Mollenhauer B, Trenkwalder C (2020) Levodopa
equivalent dose conversion factors: an updated proposal
including Opicapone and safinamide. Mov Disord Clin Pract
7(3):343-345. https://doi.org/10.1002/mdc3.12921

Yang Z, Wang KKW (2015) Glial fibrillary acidic protein: from
intermediate filament assembly and gliosis to neurobiomarker.
Trends Neurosci 38(6):364-374. https://doi.org/10.1016/j.tins.
2015.04.003

Rizor A, Pajarillo E, Johnson J et al (2019) Astrocytic oxidative/
nitrosative stress contributes to parkinson’s disease pathogen-
esis: the dual role of reactive astrocytes. Antioxidants 8(8):265.
https://doi.org/10.3390/antiox8080265

Altay MF, Liu AKL, Holton JL et al (2022) Prominent astro-
cytic alpha-synuclein pathology with unique post-translational
modification signatures unveiled across Lewy body disorders.
Acta Neuropathol Commun 10(1):163. https://doi.org/10.1186/
s40478-022-01468-8

Oeckl P, Halbgebauer S, Anderl-Straub S et al (2019) Glial
fibrillary acidic protein in serum is increased in Alzheimer’s
disease and correlates with cognitive impairment. J Alzheimers
Dis 67(2):481-488. https://doi.org/10.3233/JAD-180325
Gratwicke J, Jahanshahi M, Foltynie T (2015) Parkinson’s dis-
ease dementia: a neural networks perspective. Brain 138(Pt
6):1454—-1476. https://doi.org/10.1093/brain/awv 104
Calabresi P, Picconi B, Parnetti L, Di FM (2006) Personal View
A convergent model for cognitive dysfunctions in Parkinson’s
disease: the critical dopamine-acetylcholine synaptic balance.
Lancet Neurol 5(11):974-983. https://doi.org/10.1016/S1474-
4422(06)70600-7

Marques TM, Van Rumund A, Oeckl P et al (2019) Serum NFL
discriminates Parkinson disease from atypical parkinsonisms.
Neurology 92(13):e1479-e1486. https://doi.org/10.1212/WNL.
0000000000007179

Batzu L, Rota S, Hye A et al (2022) Plasma p-taul81, neurofila-
ment light chain and association with cognition in Parkinson’s
disease. NPJ Parkinsons Dis 8(1):154. https://doi.org/10.1038/
s41531-022-00384-x

Wong YY, Wu CY, Yu D et al (2022) Biofluid markers of blood-
brain barrier disruption and neurodegeneration in Lewy body
spectrum diseases: a systematic review and meta-analysis.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Parkinsonism Relat Disord 101:119-128. https://doi.org/10.
1016/j.parkreldis.2022.06.004

Aamodt WW, Waligorska T, Shen J et al (2021) Neurofilament
light chain as a biomarker for cognitive decline in Parkinson
disease. Mov Disord 36(12):2945-2950. https://doi.org/10.
1002/mds.28779

Zhu Y, Yang B, Wang F et al (2021) Association between
plasma neurofilament light chain levels and cognitive func-
tion in patients with Parkinson’s disease. J Neuroimmunol
358:577662. https://doi.org/10.1016/j.jneuroim.2021.577662
Su Lyn Ng A, Jayne Tan Y, Cui Wen Yong A et al (2020) Utility
of plasma Neurofilament light as a diagnostic and prognostic
biomarker of the postural instability gait disorder motor sub-
type in early Parkinson’s disease. Mol Neurodegener 15(1):33.
https://doi.org/10.1186/s13024-020-00385-5

Arima K, Hirai S, Sunohara N et al (1999) Cellular co-locali-
zation of phosphorylated tau-and NACPra-synuclein-epitopes
in Lewy bodies in sporadic Parkinson’s disease and in dementia
with Lewy bodies. Brain Res 843(1-2):53-61. https://doi.org/
10.1016/s0006-8993(99)01848-x

Chang D, Nalls MA, Hallgrimsdéttir IB et al (2017) A meta-
analysis of genome-wide association studies identifies 17 new
Parkinson’s disease risk loci. Nat Genet 49(10):1511-1516.
https://doi.org/10.1038/ng.3955

Nakamura A, Kaneko N, Villemagne VL et al (2018) High per-
formance plasma amyloid-f biomarkers for Alzheimer’s dis-
ease. Nature 554(7691):249-254. https://doi.org/10.1038/natur
e25456

Baik K, Kim HR, Park M et al (2023) Effect of amyloid on
cognitive performance in Parkinson’s disease and dementia with
Lewy bodies. Mov Disord 38(2):278-285. https://doi.org/10.
1002/mds.29295

LiQ, LiZ, Han X et al (2022) A panel of plasma biomarkers for
differential diagnosis of parkinsonian syndromes. Front Neuro-
sci 16:805953. https://doi.org/10.3389/fnins.2022.805953
Chan DKY, Braidy N, Xu YH et al (2016) Interference of
a-synuclein uptake by monomeric f-amyloid1-40 and potential
core acting site of the interference. Neurotox Res 30(3):479—
485. https://doi.org/10.1007/S12640-016-9644-2

Chen NC, Chen HL, Li SH et al (2020) Plasma levels of
a-synuclein, ap-40 and t-tau as biomarkers to predict cogni-
tive impairment in Parkinson’s disease. Front Aging Neurosci
12:112. https://doi.org/10.3389/fnagi.2020.00112

Guo Y, Shen XN, Huang SY et al (2023) Head-to-head com-
parison of 6 plasma biomarkers in early multiple system atro-
phy. NPJ Parkinsons Dis 9(1):40. https://doi.org/10.1038/
$41531-023-00481-5

Hu X, Yang Y, Gong D (2017) Changes of cerebrospinal fluid
Ap42, t-tau, and p-tau in Parkinson’s disease patients with cog-
nitive impairment relative to those with normal cognition: a
meta-analysis. Neurol Sci 38(11):1953-1961. https://doi.org/
10.1007/s10072-017-3088-1

Kouli A, Camacho M, Allinson K, Williams-Gray CH (2020)
Neuroinflammation and protein pathology in Parkinson’s dis-
ease dementia. Acta Neuropathol Commun 8(1):211. https://doi.
org/10.1186/s40478-020-01083-5

Cousins KAQ, Irwin DJ, Chen-Plotkin A et al (2023) Plasma
GFAP associates with secondary Alzheimer’s pathology in
Lewy body disease. Ann Clin Transl Neurol. https://doi.org/
10.1002/acn3.51768

Myers PS, O’Donnell JL, Jackson JJ et al (2022) Proteinopathy
and longitudinal cognitive decline in Parkinson disease. Neurol-
ogy 99(1):e66—e76. https://doi.org/10.1212/WNL.0000000000
200344

@ Springer


https://doi.org/10.1159/000336909
https://doi.org/10.1002/gps.1610
https://doi.org/10.1002/mds.22340
https://doi.org/10.1002/mds.22340
https://doi.org/10.1212/WNL.55.11.1621
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1002/mds.23429
https://doi.org/10.1002/mds.23429
https://doi.org/10.1002/mdc3.12921
https://doi.org/10.1016/j.tins.2015.04.003
https://doi.org/10.1016/j.tins.2015.04.003
https://doi.org/10.3390/antiox8080265
https://doi.org/10.1186/s40478-022-01468-8
https://doi.org/10.1186/s40478-022-01468-8
https://doi.org/10.3233/JAD-180325
https://doi.org/10.1093/brain/awv104
https://doi.org/10.1016/S1474-4422(06)70600-7
https://doi.org/10.1016/S1474-4422(06)70600-7
https://doi.org/10.1212/WNL.0000000000007179
https://doi.org/10.1212/WNL.0000000000007179
https://doi.org/10.1038/s41531-022-00384-x
https://doi.org/10.1038/s41531-022-00384-x
https://doi.org/10.1016/j.parkreldis.2022.06.004
https://doi.org/10.1016/j.parkreldis.2022.06.004
https://doi.org/10.1002/mds.28779
https://doi.org/10.1002/mds.28779
https://doi.org/10.1016/j.jneuroim.2021.577662
https://doi.org/10.1186/s13024-020-00385-5
https://doi.org/10.1016/s0006-8993(99)01848-x
https://doi.org/10.1016/s0006-8993(99)01848-x
https://doi.org/10.1038/ng.3955
https://doi.org/10.1038/nature25456
https://doi.org/10.1038/nature25456
https://doi.org/10.1002/mds.29295
https://doi.org/10.1002/mds.29295
https://doi.org/10.3389/fnins.2022.805953
https://doi.org/10.1007/S12640-016-9644-2
https://doi.org/10.3389/fnagi.2020.00112
https://doi.org/10.1038/s41531-023-00481-5
https://doi.org/10.1038/s41531-023-00481-5
https://doi.org/10.1007/s10072-017-3088-1
https://doi.org/10.1007/s10072-017-3088-1
https://doi.org/10.1186/s40478-020-01083-5
https://doi.org/10.1186/s40478-020-01083-5
https://doi.org/10.1002/acn3.51768
https://doi.org/10.1002/acn3.51768
https://doi.org/10.1212/WNL.0000000000200344
https://doi.org/10.1212/WNL.0000000000200344

5474

Journal of Neurology (2023) 270:5461-5474

52. Petrou M, Dwamena BA, Foerster BR et al (2015) Amyloid
deposition in Parkinson’s disease and cognitive impairment: a
systematic review. Mov Disord 30(7):928-935. https://doi.org/
10.1002/mds.26191

53. Palermo G, Tommasini L, Aghakhanyan G et al (2019) Clinical
correlates of cerebral amyloid deposition in Parkinson’s dis-
ease dementia: evidence from a PET study. J Alzheimers Dis
70(2):595-607. https://doi.org/10.3233/JAD-190323

54. Kehagia AA, Robbins FRSTW, Robbins TW et al (2010) Neu-
ropsychological and clinical heterogeneity of cognitive impair-
ment and dementia in patients with Parkinson’s disease. Lancet
Neurol 9(12):1200-1213. https://doi.org/10.1016/S1474

@ Springer

55.

56.

Carceles-Cordon M, Weintraub D, Chen-Plotkin AS (2023)
Cognitive heterogeneity in Parkinson’s disease: a mechanistic
view. Neuron. https://doi.org/10.1016/j.neuron.2023.03.021
Bayram E, Batzu L, Tilley B et al (2023) Clinical trials for
cognition in Parkinson’s disease: Where are we and how can we
do better? Parkinsonism Relat Disord. https://doi.org/10.1016/j.
parkreldis.2023.105385


https://doi.org/10.1002/mds.26191
https://doi.org/10.1002/mds.26191
https://doi.org/10.3233/JAD-190323
https://doi.org/10.1016/S1474
https://doi.org/10.1016/j.neuron.2023.03.021
https://doi.org/10.1016/j.parkreldis.2023.105385
https://doi.org/10.1016/j.parkreldis.2023.105385

	Associations of Alzheimer's-related plasma biomarkers with cognitive decline in Parkinson's disease
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Participants
	Clinical evaluation
	Sample collection and assays of plasma biomarkers
	Statistical analysis

	Results
	Participant characteristics
	Comparison of plasma biomarker levels between the PD and HC groups
	Association of plasma biomarkers with clinical parameters in PD patients
	Comparison of plasma biomarker levels in the PDND, PDD, and HC groups
	Relationships between plasma biomarkers
	Modeling analysis for the ACE-R and MoCA-J

	Discussion
	Plasma GFAP in PD patients
	Plasma NfL in PD patients
	Plasma p-tau 181 in PD patients
	Plasma Aβ in PD patients
	Significance of plasma biomarkers in the clinical presentation of PD

	Limitations
	Conclusion
	Anchor 28
	References




