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The level of a-synuclein, a component of Lewy bodies, in cerebrospinal fluid (CSF) in
Parkinson’s disease (PD) has attracted recent attention. Most meta-analyses conclude
that CSF levels of a-synuclein are decreased in PD. Patients with PD present with
cognitive impairment, including frontal/executive dysfunction in the early phase and later
emergence of visuospatial and mnemonic deficits. To examine whether CSF a-synuclein
levels reflect the activities of various cognitive domains, we reviewed reports examining
the association of these levels with cognitive performance in each domain in PD.
Among 13 cross-sectional studies, five showed that a lower CSF a-synuclein level was
associated with worse cognitive function. In four of these five reports, frontal/executive
function showed this association, suggesting a link of the pathophysiology with Lewy
bodies. In three other reports, a higher CSF a-synuclein level was associated with
temporal-parieto-occipital cognitive deterioration such as memory. In the other five
reports, the CSF a-synuclein level did not correlate with cognitive performance for
any domain. In four longitudinal studies, a higher baseline CSF a-synuclein level was
associated with a worse cognitive outcome, including cognitive processing speed,
visuospatial function and memory in two, but not with any cognitive outcome in the
other two. The different associations may reflect the heterogeneous pathophysiology
in PD, including different pathogenic proteins, neurotransmitters. Thus, more studies
of the association between cognitive domains and CSF levels of pathogenic proteins
are warranted.
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INTRODUCTION

Parkinson’s disease (PD) is a common neurodegenerative disease that presents with motor
and various non-motor symptoms, including cognitive impairment. Such impairment of
frontal/executive function, such as flexibility, planning, and working memory, is common as early
cognitive impairment in PD (Williams-Gray et al., 2007; Kehagia et al., 2010). As the disease
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progresses, posterior cortically based cognitive deficits, such as
visuospatial and mnemonic deficits, become apparent as the
major symptoms of PD with dementia (PDD) (Kehagia et al,
2010; Collins and Williams-Gray, 2016). A dementia syndrome
affects two or more cognitive domains and causes social and
occupational impairment.

The presence of Lewy bodies consisting of a-synuclein is
the pathological hallmark of the disease. According to Braak’s
theory, Lewy bodies are deposited in the brainstem in the
early stage, then progress through the limbic and subcortical
regions, and eventually are distributed over the neocortex in
a later stage (Braak et al., 2003). Cerebrospinal fluid (CSF) is
in close contact with the brain, and CSF levels of a-synuclein
may reflect the pathology and progression of clinical symptoms.
The CSF a-synuclein level has previously been compared with
global/composite cognitive assessments using the mini-mental
state examination (MMSE) and other scales, but no association
was observed in cross-sectional (Park et al., 2011; Parnetti et al.,
2011; Wennstrom et al.,, 2013) and longitudinal (Parnetti et al.,
2014; Mollenhauer et al., 2019) studies. Several previous reports
have compared the association of the CSF a-synuclein level
with cognitive performance in each domain, but a review of the
findings in these reports has not been published. Here, we review
the studies that examined this association and we discuss factors
that may mediate differences in correlations.

SEARCH STRATEGY AND SELECTION
CRITERIA

We searched for reports on correlations of CSF total o-
synuclein, but not other specific types such as oligomeric and
phosphorylated a-synuclein, levels and cognitive assessments
in each domain in the PubMed database, using a combination
of keywords of “cerebrospinal fluid, synuclein and Parkinson”
with “cognitive function” or “executive” or “visuospatial” or
“memory” or “attention” or “language.” Quoted papers in eligible
studies were traced to ensure all relevant studies were included.
Papers from any year that evaluated the relationship of the CSF
a-synuclein level with assessment of a precise cognitive domain
were included. The search was performed from 29th June to
Ist August 2020, and 98 papers were found. However, 86 of
these papers that did not mention the association between the
CSF a-synuclein level and cognitive performance or that used
a composite assessment such as the total MMSE or Montreal
Cognitive Assessment (MoCA) score were excluded.

ASSOCIATION BETWEEN THE CSF
a-SYNUCLEIN LEVEL AND COGNITIVE
PERFORMANCE

Eligible Studies

Twelve papers examining associations of CSF a-synuclein levels
and cognitive function in single domains were included in the
study (Table 1). Three of these reports included two or three
associations (Stewart et al., 2014; Compta et al., 2015; Forland
et al., 2018), and 13 cross-sectional results were used from the

12 papers (Tables 1A-C). Five showed that a lower CSF a-
synuclein level was associated with worse cognitive function
in certain domains (Table 1A) and three showed that a higher
CSF a-synuclein level was associated with worse cognitive
performance in some domains (Table 1B). The other 5 results
indicated that the CSF a-synuclein level did not correlate with
cognitive performance in any domain (Table 1C). There were
4 longitudinal studies, of which two showed that a higher CSF
a-synuclein level predicted worse cognitive outcome (Table 1D)
and the other two showed no association (Tables 1E,F).

Cross-Sectional Assessments

Results Showing That a Lower CSF «-Synuclein
Level Indicates Worse Frontal/Executive Cognitive
Function

Four of the five reports in Table 1A showed an association
of frontal/executive function with the CSF a-synuclein level.
Compta et al. (2015) showed dysfunction in phonetic fluency
was associated with low CSF a-synuclein in 41 PD patients
with a wide range of cognitive status from normal cognition to
dementia (21 patients without dementia). The CSF a-synuclein
level also showed significant correlations with thickness in the
frontal cortex in patients with idiopathic rapid-eye-movement
sleep behavior disorder (iRBD) as a prodoromal stage of PD and
PD without dementia (Compta et al., 2015). Skogseth et al. (2015)
showed that low CSF a-synuclein was significantly associated
with phonemic fluency and attention, but not with posterior
cortical domains, such as memory and visuospatial domains,
in PD and PD with mild cognitive impairment (PD-MCI). We
have shown that lower CSF a-synuclein is associated with worse
performance in a judgement subtest that assesses planning and
executive function, but not with subtests assessing other cognitive
domains in patients with PD, PD-MCI and PDD (Murakami
et al., 2019). In these four studies, CSF a-synuclein levels were
also correlated with CSF levels of amyloid-f 1-42 and total tau.

Results Showing That a Lower CSF a-Synuclein
Level Indicates Worse Posterior Cognitive Function
Stewart et al. (2014) found that lower CSF a-synuclein was
correlated with worse performance of memory at the beginning
of phase I of the deprenyl and tocopherol antioxidative therapy
of Parkinsonism (DATATOP) study, which included drug-naive
early PD patients (Table 1A).

Results Showing That a Higher CSF o-Synuclein
Level Indicates Worse Posterior Cognitive Function
All three results in Table 1B showed an association of higher
CSF a-synuclein with worse performance in posterior, but
not frontal, cortical cognitive function, such as memory,
naming and semantic fluency. At the beginning of phase 2 of
the DATATOP study, when motor symptoms in patients on
selegiline, tocopherol, both drugs or placebo had progressed to
a state requiring L-dopa therapy, higher CSF a-synuclein was
associated with worse verbal learning and memory score in PD
without dementia (Stewart et al.,, 2014). Compta et al. (2015)
showed that CSF a-synuclein was significantly higher in patients
with a worse score for naming and memory compared to those
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TABLE 1 | Results of cross-sectional or longitudinal studies of the association between the CSF alpha-synuclein level and cognitive performance in each domain.

Study Number of participants Age (range) Disease duration HandY MMSE (range)  Duration of Associated cognitive Analysis of a-synuclein
(range) (range) follow up domain level (manufacturer of
the assay)
A. Lower CSF a-synuclein indicates worse cognitive function in a crosssectional study
Compta et al. (2015)  PD: 41 (without/with 68/73.52 10/9 years® 3/42 28/182 - Phonetic fluency ELISA
dementia 21/20)
(63.50-73.50)/(66.00— (7.00-15.75)/(7.25— (2-3)/(3-5)°  (27-29)/(16-22)° (Invitrogen: KHB0061)
78.00)° 11.50)°
Compta et al. (2015)  PD without dementia: 21 682 10 years® 32 288 - Phonemic fluency, ELISA
(63.50~73.50)° (7.00-15.75)° (2-3)° (27-29)° visuospatial function (Invitrogen: KHB0OO61)
Skogseth et al. PD-NC and PD-MCI: 414 61.3+9.7 4.0 months? N.A. N.A. - Phonemic fluency, ELISA
(2015) attention
(N.A) (2.0-8.0 months)° (N.A) (N.A) (Covance)
Murakami et al. PD, PD-MCI and PDD: 27 72.3+9.2 1.3+ 1.2 years N.A. 21.7 + 5.5° - Planning, executive ELISA
(2019)
(47-84) (0-5) (N.AY) (9-28) (Covance)
Stewart et al. (2014)  PD without dementia: 350 60.90 £ 9.21 2.08 £+ 1.39 years 1.62 28.86 £ 1.44 - Memory Luminex assay
-phase 1
(84-79) (0-7) (1.0-2.5) (23-30) (Luminex)
B. Higher CSF «-synuclein indicates worse cognitive function in a crosssectional study
Stewart et al. (2014) PD: 266 62.64 £+ 9.03 3.80 + 1.45 years 2.02 28.74 £2.30 - Verbal learning, memory Luminex assay
-phase 2
(87-80) (1-8) (1.0-4.0 (8-30) (Luminex)
Compta et al. (2015)  PD: 41(without/with 68/73.52 10/9 years® 3/42 28/182 - Naming, memory ELISA
dementia 21/20)
(63.50-73.50)/ (7.00-15.75)/ (2-9)/(3-5)°  (27-29)/(16-22)° (Invitrogen: KHB0061)
(66.00~78.00)° (7.25-11.50)°
Wijeyekoon et al. PD: 35 654 +7.6 5.4 + 5.6 years N.A. 90.3 + 9.49 - Semantic fluency ECL
(2020)
(N.A) (N.A) (N.A) (N.A) (Meso Scale Diagnostics)
C. Results showing no association between CSF «-synuclein level and cognitive function in any domain in a crosssectional study
Buddhala et al. PD without dementia: 77 66.9 + 8.5° 4.9 £+ 4.0 years® N.A. N.A. - None ELISA
(2015)
(N.A) (N.A.) (N.A) (N.A) (Covance)
Yarnall et al. (2014) PD-NC and PD-MCI: 67 64.5+9.4 5.3 + 5.6 months N.A. 252 £3.3° - None ELISA
(N.A) (N.A.) (N.A) (N.A) (N.A.)
Foerland et al. (2018)  PD: 56 69.12 4.8 years? 28 28.5% - None ELISA
(56.1-78.5) (N.A.) (1.0-3.0 (23.0-30.0) (BioLegend: #844101)

(Continued)
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TABLE 1 | Continued

Study Number of participants Age (range) Disease duration HandY MMSE (range)  Duration of Associated cognitive Analysis of a-synuclein
(range) (range) follow up domain level (manufacturer of
the assay)
Kang et al. (2013) PD: 63 62 +£ 10 0.4 years? 1.65 £ 0.51 272 £2.0° = None ELISA
(59-64) (0.0-2.6) (1-2) (26.7-27.7) (Covance)
Stav et al. (2015) PD without dementia: 31 64.65 + 6.53 2.5+ 1.2 vyears 1.58 28.58 £+ 1.59 - None ECL
(47-74) (1-6) (1.0-2.5) (22-30) (Meso Scale Discovery)
D. Higher CSF «-synuclein predicts worse outcome in cognition in a longitudinal study
Hall et al. (2015) PD without dementia: 42 67.52 7 years? 2.25% 292 2 years Cognitive processing Luminex assay
speed
(60.5-73.25)° (4.0-10.25)° (1-2.5)° (27-29)° (Luminex)
Stewart et al. (2014)  PD: 266 62.64 + 9.03 3.80 + 1.45 years 2.02 28.74 £ 2.30 Upto 6.9 years  Verbal learning, memory, Luminex assay
visuospatial working
memory
(87-80) (1-8) (1.0-4.0) (8-30) (average 1.8 (Luminex)
years)
E. Baseline CSF «-synuclein level does not predict cognitive decline in a longitudinal study
Forland et al. (2018) PD: 56 69.1@ 4.8 years? 22 28.52 2 to 4 years None ELISA
(56.1-78.5) (N.A.) (1.0-3.0 (23.0-30.0) (BioLegend: #844101)
F. Change in CSF «-synuclein is not associated with worsening of cognitive function in a longitudinal study
Hall et al. (2016) PD without dementia: 63 64.7 £9.4 5.5+ 4.0 years 20+0.7 285+1.4 2 years None ELISA
(N.AY) (N.A) (N.AY) (N.AY) (Covance)

Data are presented as mean (+standard deviation) unless otherwise indicated.

aMediian, PInterquartile range, °Montreal cognitive assessment (MoCA), “Addenbrooke’s Cognitive Examination- Revised (ACE-R), ®median + standard deviation, '95% confidence interval.

N.A.: not available.

ECL, Electrochemiluminescence; ELISA, Enzyme-Linked ImmunoSorbent Assay; H and Y, Hoehn and Yahr scale; MCI, mild cognitive impairment; MMSE, Mini-mental state examination; NC, normal cognition; SD, standard deviation.
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with better scores in 41 PD patients with a wide range of cognitive
function. In this cohort, CSF levels of a-synuclein correlated with
those of amyloid-p 1-42 and total tau. Wijeyekoon et al. (2020)
showed that the CSF a-synuclein level was negatively correlated
negatively with semantic fluency score and positively with the
CSF level of amyloid-p 1-42 in PD.

Results Showing no Association of CSF «-Synuclein
Levels With Cognitive Function in any Domain

In the five results in Table 1C, the CSF a-synuclein level
showed no association with any domains of cognitive assessment,
including frontal/executive, attention, memory, visuospatial
functions and others in PD without dementia (Buddhala et al.,
2015; Stav et al, 2015), PD with normal cognition and MCI
(Yarnall et al., 2014) and PD with a wide range of cognitive status
(Kang et al., 2013; Forland et al., 2018). CSF a-synuclein levels
were correlated with those of amyloid-p 1-42 (Buddhala et al,,
2015) and total tau (Kang et al., 2013; Buddhala et al., 2015).

Longitudinal Assessments

Two of four longitudinal studies showed that higher baseline CSF
a-synuclein was associated with future worsening of cognitive
function (Table 1D). Hall et al. (2015) found an association of
higher baseline CSF a-synuclein with worsening in cognitive
processing speed, but not with memory and word fluency at
2 years follow-up in 42 PD patients without dementia. Stewart
et al. (2014) showed that lower baseline CSF a-synuclein was
associated with preservation of assessment scores for verbal
learning, memory and visuospatial working memory after follow-
up for up to 6.9 years in PD without dementia. In contrast,
Forland et al. (2018) found that CSF a-synuclein levels did
not predict longitudinal cognitive decline in executive function
memory and visuospatial function after 2-4 years follow-up in
PD patients (Table 1E). Hall et al. (2016) followed 63 PD patients
without dementia for 2 years and found that an increase in CSF
a-synuclein did not correlate with a change in the letter fluency
task (Table 1F).

POSSIBLE FACTORS AFFECTING THE
ASSOCIATION BETWEEN CSF
a-SYNUCLEIN LEVEL AND COGNITIVE
FUNCTION

Role of Change in the Dynamics of CSF

o-Synuclein Over Time

Among the five cross-sectional results showing that lower
CSF a-synuclein was associated with worse cognitive function,
four showed an association with frontal/executive function
(Table 1A). Among the cognitive domains, frontal-executive
impairment is common as an early cognitive impairment in
PD due to dysfunction in the frontostriatal circuit (Lewis
et al., 2003; Williams-Gray et al., 2007). a-Synuclein aggregates
to form oligomers that have neurotoxic effects and play an
important role in the pathogenesis of PD (Ono, 2017). Meta-
analyses showing that the CSF a-synuclein level in PD patients
is lower than that in normal controls (Zhou et al., 2015; Fusebi

et al., 2017) are consistent with aggregation and intracellular
sequestering in Lewy bodies (Stewart et al., 2014; Mollenhauer
et al, 2019). CSF a-synuclein in relatively early PD has
been shown to decrease during 24-36 months of observation
in drug-naive PD patients (Mollenhauer et al, 2019) and
during the phase I DATATOP study cohort (Stewart et al.,
2014). Therefore, the association of lower CSF a-synuclein
with worse frontal/executive function supports the idea that
this dysfunction emerges during concurrent aggregation of
a-synuclein and formation of Lewy body in relatively early
PD. The finding that lower CSF a-synuclein was associated
with frontal cortical thinning in patients with iRBD as a
prodromal stage of PD and PD without dementia (Compta et al.,
2015) supports the emergence of frontal/executive dysfunction
with concurrent development of Lewy body pathology in the
frontal cortex. Therefore, a lower a-synuclein level may reflect
frontal/executive impairment as an early cognitive dysfunction
in PD.

In contrast with the above results for frontal/executive
function, there are reports showing associations of a higher
CSF a-synuclein level with worse cognitive assessment in cross-
sectional studies (Table 1B) and worse cognitive outcome in
longitudinal studies (Table 1D). CSF a-synuclein has been found
to increase over time in PD with a disease duration of >5 years
(Hall et al., 2016) and in patients receiving levodopa treatment
(Majbour et al., 2016). Thus, there may be a point at which CSF a-
synuclein turns from decreasing to increasing in the progressive
course of PD. The increase in CSF is suggested to be due to release
of the pathogenic protein as a result of neural damage (Lle6 et al.,
2015), and these results support the idea that as neuronal damage
progress, cognitive function also deteriorates. The association of
high CSF a-synuclein with posterior cortical thinning in PDD
also support this idea (Compta et al., 2015).

Among cognitive domains, worse posterior cortical cognitive
domains, a hallmark of dementia in PD, have been associated
with both higher (Table 1B) and lower (Table 1A) CSF -
synuclein levels. This opposite association may also be due
to the bimodal change in CSF o-synuclein level, which
decreases in the relatively early phase and increases in the
later phase of PD. We found no report showing that worse
frontal/executive function was associated with a higher CSF
level in the search for this review. Therefore, the association
of lower a-synuclein with worse frontal/executive function
observed before the turning point of the CSF a-synuclein level
supports frontal/executive impairment as an earlier symptom
in PD.

Although we conceptually view patients in a cohort as
being earlier or later stage cases with regard to the association
between CSF a-synuclein and cognitive function, we cannot
distinguish “earlier” or “later” patients using clinically obtainable
information. For example, there are overlaps in patient
background factors, such as age, disease duration and clinical
symptoms, among cohort groups presenting with each type
of association. However, we believe that the existence of
positive and negative associations signifies differences in disease
duration and pathophysiology linked to a-synuclein among the
cognitive domains.
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Involvement of Pathogenic Proteins Other

Than o-Synuclein

There were five results showing no association between CSF
a-synuclein and cognitive assessments (Tables 1C,E,F). This
indicates that the pathophysiological background of cognitive
dysfunction cannot be explained by the CSF a-synuclein level
as a single biomarker. There are some reports showing an
association between a reduced CSF amyloid-B 1-42 level and
cognitive deterioration in PD (Lim et al., 2019). Decreased CSF
amyloid-p 1-42 is a confirmed biomarker for Alzheimer’s disease
(AD), and this decrease is suggested to be due to formation of
aggregates such as senile plaque. In PD progression, posterior
cortically based dysfunction is known to become dominant due
to pathological findings in AD (Collins and Williams-Gray,
2016). PD often presents with an AD pathology such as senile
plaques and neurofibrillary tangles (Apaydin et al., 2002), and
several experimental studies have explained the co-pathology of
AD and PD. a-synuclein has been shown to co-aggregate with
amyloid-p 1-42 (Ono et al, 2012) and tau (Guo et al, 2013),
and some of the studies in this review showed that CSF «-
synuclein levels were correlated with those of amyloid-p 1-42
(Buddhala et al., 2015; Compta et al., 2015; Skogseth et al., 2015;
Hall et al., 2016; Murakami et al., 2019; Wijeyekoon et al., 2020)
and tau (Kang et al., 2013; Buddhala et al., 2015; Compta et al.,
2015; Hall et al., 2015, 2016; Skogseth et al., 2015; Murakami
et al,, 2019). These reports support an interaction of a-synuclein
with amyloid beta and tau in the progressive course of PD and
cognitive deterioration. Amyloid-p 1-42 and tau also contribute
to progression of PD, but this contribution may not be reflected
by the CSF a-synuclein level.

Involvement of Other Factors

Changes in the titers of neurotransmitters in the central nervous
system during the progressive course of PD partially contribute
to variation in the association between CSF a-synuclein levels
and cognitive performance in each domain. Frontal/executive
function in early PD is dopaminergic (Kehagia et al,, 2010)
and dopaminergic medication can be effective (Murakami
et al, 2017). Frontal/executive function, but not memory or
visuospatial function, was shown to correlate with striatal

TABLE 2 | Suggested factors that affect cognitive performance during the
conceptual disease stage.

Relatively early stage (Impairment in frontal/executive function is associated with
lower CSF a-synuclein level)

Lewy body pathology

Dopaminergic deficit
Relatively later stage (Impairment in posterior cortically based cognitive domains are
associated with higher CSF a-synuclein level)

Alzheimer’s pathology

Deficit of acetylcholine or another neurotransmitter
Unspecified (unknown) stage

Neuronal inflammation

Genetic factors

dopaminergic deficits on 23I-Toflupane SPECT (Siepel et al.,
2014), whereas a dopaminergic titer that is too high can impair
frontal/executive function (Kehagia et al., 2010). Lewy body
pathology has also been suggested to contribute to frontostriatal
dopaminergic depletion and frontal atrophy (Stav et al., 2015).
Therefore, the association between CSF a-synuclein level and
frontal/executive function can be affected by dopamine.

Cholinergic dysfunction with an AD-like pathophysiology
also contributes to cognitive deterioration in PD and has
a key role in progression to PDD (Kehagia et al., 2010).
Cholinergic drugs are effective for cognitive impairment in PD
(Aarsland et al., 2002; Ravina et al., 2005), and cholinergic
activity can affect the association between CSF a-synuclein levels
and cognitive assessments. Other neurotransmitters, such as
noradrenaline, also contribute to some domains of cognitive
function in PD (Kehagia et al., 2010). Therefore, associations
among pathological findings linked to pathogenic proteins,
affected neurotransmitters, cognitive performance and lesions
linked to the cognitive domain are of great interest, and it is
important to determine the mechanism by which pathogenic
proteins produce specificity for lesions and neurotransmitters.

PD is associated with neuronal inflammation and a-synuclein
can activate microglia and astrocytes (Surendranathan et al.,
2015). CSF levels of inflammatory cytokines, such as IL-1f, IL-
6 and others, are increased in PD (Mogi et al., 1996; Chen et al,,
2018), and the CSF a-synuclein level is associated with that of
inflammation markers such as IL-18 (Hu et al., 2015), serum
amyloid A (SAA), IL-8 and chitinase-3-like protein 1 (YKL-40)
(Hall et al., 2018) in PD. Higher levels of CSF inflammatory
markers such as CRP, SAA, IL-6 and IL-8 have been associated
with worse cognition, such as cognitive speed, attention and letter
fluency (Hall et al., 2018). Cortical microglial activity assessed
by "'C-RPK11195 PET was negatively correlated with glucose
metabolism in the temporo-parietal-occipital cortex, and the
level of microglial activity in the temporoparietal, occipital and
frontal cortex showed an inverse correlation with MMSE scores
in PDD patients (Fan et al, 2015). Therefore, the status of
neuronal inflammation can affect the association between the
CSF a-synuclein level and cognitive function.

Various genetic factors also affect the pathology and cognitive
function in PD. Correlations between cortical thinning and
CSF a-synuclein levels are opposite based on two types of
the SNCA rs356191 single nucleotide polymorphism, and
the correlated cortical lesion also differs in PD (Sampedro
et al., 2018). Some heterogeneities such as the microtubule-
associated protein tau (MAPT) genotype (Williams-Gray et al.,
2009) and apolipoprotein E subtype (Tsuang et al, 2013)
influence development of dementia in PD. The catechol-
O-methyltransferase (COMT) genotype is known to affect
frontal/executive function (Williams-Gray et al, 2009).
Therefore, genetic factors may also affect the association
between CSF a-synuclein levels and cognitive function, and
contribute to the heterogeneity in cognitive function.

In each study, CSF a-synuclein levels were assessed using
different methods, such as Enzyme-Linked Immunosorbent
Assay (ELISA), Electrochemiluminescence (ECL) and Luminex
assay (Table 1). All 4 reports showing lower CSF a-synuclein
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level indicates worse frontal/executive function used ELISA
(Table 1A). Whereas, studies showing the other type of
association between CSF a-synuclein level and cognition
used various assays (Tables 1B-F). Therefore, the method to
assess CSF a-synuclein level should be paid attention in the
future study.

Suggested factors that affect cognitive performance during the
conceptual disease stage are summarized in Table 2.

CONCLUSION AND FUTURE
PERSPECTIVE

Reports on relationships of CSF a-synuclein levels with cognitive
performance in each domain have shown various associations.
The type of association with the CSF a-synuclein level has
tended to differ between frontal/executive and posterior cortical
cognitive domains. Pathophysiology and phase of the disease
in which a-synuclein pathology contributes may differ based
on the cognitive domain. Therefore, it is important to focus
on impairment in each cognitive domain when evaluating the
pathophysiology of PD. At present, the mechanism for each type
of association is uncertain, and the type of association in each
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