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Introduction: Plasma phospho-tau 217 (pTau217) is a biomarker for Alzheimer's
disease (AD) pathology, reflecting amyloid (AB) and tau burden, but its role in
Parkinson disease (PD) and 4-repeat(4R)-tauopathies remains incompletely
understood. We measured plasma plau2l7 across the cognitive spectrum
of Lewy body diseases (PD, Dementia with Lewy bodies [DLB]) and in
4R-tauopathies, comparing these groups to cognitively unimpaired (CU) and
mild cognitive impairment (MCI) individuals.

Methods: Participants included 18 cognitively normal PD (PD-NC), 32 PD with
MCI, and 7 PD with dementia (PDD), alongside 4 DLB patients, grouped as PDD/
DLB. The 4R-tauopathy group included 28 Progressive Supranuclear Palsy
(PSP) and 4 corticobasal syndrome (CBS) patients, compared to 51 CU and 26
MCI individuals. Ptau217 was measured using the fully automated Lumipulse
platform, with values adjusted for creatinine levels. Further, the presence of AD-
pathology was defined using a validated cut-off based on AB-PET.

Results: PTau2l7 levels were significantly lower in PD-NC and CU individuals
compared to those with greater cognitive impairment (PD-MCI, PDD/DLB, and
PSP/CBS), and MCI individuals. AD co-pathology was identified in 28% of PDD/
DLB and PSP/CBS patients, 16% of PD-MCI, and none of PD-NC. MCI showed
the highest pTau217 positivity (35%), while 8% of CU individuals were positive
despite normal cognition. In PD, pTau217 negatively correlated with cognitive
performance, as assessed by Montreal Cognitive Assessment (MoCA: rs = —0.38,
p = 0.004) and Mini-Mental State Examination (MMSE: rs = —0.37, p = 0.006).

Discussion: Plasma pTau2l7/ levels serve as a scalable, non-invasive marker of AD-
pathology across Lewy body diseases, PSP/CBS, and MCI/CU populations. AD co-
pathology independently contributes to cognitive deficits in PD, but not in PSP/CBS.
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1 Introduction

The hallmark of Parkinson’s disease (PD) is the presence of alpha-
synuclein pathology but -amyloid (AB) co-pathology is also often
observed (1, 2). Studies indicate that Alzheimers disease (AD)
co-pathology, a well-documented finding in recent positron emission
tomography (PET) and neuropathological studies (3), independently
contributes to the development of cognitive deficits and accelerates
progression to dementia (1).

In AD, current diagnostic criteria take into account biological
markers, either cerebrospinal fluid (CSF), AB-PET as well as
plasma (4), to detect pathology before cognitive deficits become
clinically manifest. However, while the application of blood-based
AD biomarkers in PD is still under investigation, it may offer
valuable insights for prognosis assessment and early
intervention (5, 6).

Phosphorylated-tau (pTau) has demonstrated significant potential
as a biomarker for Ap-pathology, given its strong association with CSF
and PET positivity (7-10). Various pTau isoforms, differentiated by
their specific phosphorylation sites, have been identified for their
capacity to detect Ap-positive individuals (7, 9, 10). Prominent
examples include pTaul8l, pTau2l7, pTau231l and pTau235 (7).
Among these, pTau217 has emerged as the most reliable and robust
marker for AB-positivity, offering superior diagnostic accuracy and
prognostic utility in the early detection of AD, showing comparable
accuracy to CSF biomarkers and an optimal correlation with A (8,
11), and tau PET tracers (8). Plasma pTau217 reflects both Ap plaque
and tau tangle accumulation, serving as an early physiological
indicator of AB-pathology (12). Notably, plasma pTau217 level may
not only predict brain AP and tau status but also reflect the
topographic extent and magnitude of tau aggregation across the
clinical AD spectrum, enabling the discrimination of individuals at
intermediate/advanced vs. early AD-stages (8).

The practical advantages of blood-based biomarkers—such as
their accessibility, minimally invasive nature, and lower cost compared
to CSF or PET—have driven their adoption in both research and
clinical settings, for the development of diagnostic algorithms to
capture Af-pathology at the screening level of mild cognitive
impairment (MCI) (13). Plasma pTau217 has shown promise not only
in diagnosing AD but also in identifying AD co-pathology in other
neurodegenerative disorders, particularly in movement disorders (14).
For instance, some preliminary studies has demonstrated utility in
Lewy body dementias (PDD and DLB) (5, 15) as well as in
4R-tauopathies, including Progressive Supranuclear Palsy (PSP) and
corticobasal syndrome (CBS) (12).

Herein, for the first time to the best of our knowledge,
we measured plasma pTau217 in Lewy body diseases with various
degree of cognitive dysfunctions—ranging from cognitively normal
PD (PD-NC), PD-MCI, PDD and DLB—and in 4R-tauopathies (PSP
and CBS) (16), comparing these results relative to cognitively
unimpaired (CU) and MCI individuals. Further, we adopted a
pTau217 cut-off, previously validated against AB-PET imaging, as a
proxy of AD pathology to determine its presence (17).
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2 Materials and methods
2.1 Study participants

From the PADUA-CESNE cohort, we included a total of 170
participants recruited at the Parkinson Disease and Movement
Disorders Unit of Padua University Hospital (Padua, Italy).

The cohort comprises 93 patients: 57 PD patients with various
degree of cognitive dysfunction and four with a probable diagnosis of
DLB, according to recent criteria (18, 19). PD patients underwent a
II-level cognitive assessment, and were classified as cognitively normal
(PD-NC, n = 18), with MCI (PD-MCI, n = 32) and dementia (PDD,
n=7). PDD were combined with DLB into a single group, reflecting
the continuum of Lewy body dementias (PDD/DLB, n = 11) (20).
Although clinical, neuropathological, and genetic differences exist
between PDD and DLB, substantial overlap is well recognized (21).
Furthermore, recent evidence indicates no differences in plasma
pTau217 concentrations between these subgroups (5, 15).

Regarding the 4R-tauopathy group, this group included 28 patients
with  probable PSP  (the detailed in
Supplementary material), and four withprobable CBS—referred as the

phenotypes  are

“PSP/CBS” group (16, 22, 23). This grouping was also based on previous
evidence showing no statistically significant differences in pTau217
concentrations, despite a greater variability in CBS vs. PSP patients (16).

All the patients included in the study were diagnosed by movement
disorder specialists, underwent MRI, and were followed up for at least 2
year for the diagnostic work-up and on-going clinical/cognitive
assessment. The Hoehn and Yahr (H&Y) scale was adopted to assess
disease severity, and the levodopa (LEDD) and the dopamine agonist
equivalent daily dosages (DAED) were calculated for each treated patient.

Furthermore, as part of Italian National Recovery Fund “AGE-it”
project on normal aging,' we recruited 77 control subjects without
major medical comorbidities. Participants with a neuropsychological
assessment performance within 1.5 standard deviation (SD) of the
published norms for their age group, were classified as CU; whereas a
classification of MCI was determined based on internationally agreed
clinical criteria. The cohort included 51 CU participants, and 26 with
MCI (24).

Exclusion criteria for the current study included the presence of
MRI abnormalities (such as cerebral vascular lesions, diffuse white
matter hyperintensities, meningiomas, brain cysts or tumors or other
space-occupying lesions), a history of head injuries, and any significant
psychiatric, neurological, or systemic comorbidities.

All subjects underwent a cognitive evaluation, including the
assessment of global cognition by means of Montreal Cognitive
Assessment (MoCA) and Mini-Mental Scale Examination (MMSE)
scales (25), with scores adjusted for age and education according to
published norms. PD patients underwent a II-level comprehensive
cognitive assessment, specifically designed to target PD-cognitive

1 https://ageit.eu/wp/en/
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deficits, allowing to classify patients across the entire PD-cognitive
spectrum, while CU and MCI individuals were evaluated with a I-level
assessment and a questionnaire of subjective cognitive complaints
(26). Of note, the PD cognitive diagnosis was additionally verified
using a Level-I assessment to ensure consistency in the diagnostic
criteria applied across groups (Level-I vs. Level-II), with no differences
observed in cognitive classification (27). The adopted cognitive battery
is detailed in Supplementary material, and in previous works (25, 28).
The study protocol was approved by the local ethics committee at
Padua University Hospital and conducted according to the Declaration
of Helsinki. All study participants gave written informed consent.

2.2 Plasma pTau2l7

pTau217 was tested in K-2 ethylenediaminetetraacetic acid plasma
samples with a research-use-only Lumipulse G1200 assay (Fujirebio,
Japan; lot 4,129). Samples were aliquoted in polypropylene tubes and
kept frozen at —80°C and handled as previously reported before
analyses (29); hemolyzed samples were excluded due to potential
interference effect (30). Manufacturer’s quality controls lot number
D6C5055 (level 1 target mean 0.488 + 0.098, level 2 target mean
3.997 £ 0.799) were tested in each analytical run, with a coefficient of
variation <10% for both levels. To detect the presence of AD-pathology
using plasma pTau217 as a proxy, we applied a previously validated
cutoff (established against AB-PET using the same assay), accounting
for a maximum analytical variability of 10% (17). Therefore, patients
were considered positive for AD-pathology, when having a pTau217
above 0.22 ng/L.

2.3 Statistical analyses

The Shapiro-Wilk test was used to assess the normality of the data
distribution. Categorical variables and frequencies were analyzed
using the chi-square test. For non-normally distributed data, Kruskal-
Wallis test was applied, followed by pairwise comparisons using the
Dwass-Steel-Critchlow-Fligner method. For normally distributed
data, analysis of variance (ANOVA) or covariance (ANCOVA) models
were adopted. Between-group differences in plasma pTau217 levels
were assessed through an ANCOVA model. Log-transformed pTau217
values were used to normalize the distribution, and creatinine
concentrations (Roche Diagnostics, Switzerland) were included as a
covariate, given that renal dysfunction—reflected by elevated
creatinine levels—can influence pTau2l7 concentrations (31, 32).
Although no statistically significant age differences were observed
across diagnostic subgroups, we performed an additional ANCOVA
including age—alongside creatinine levels—as a covariate to account
for its potential confounding effect. This analysis was further
supported by prior studies reporting mixed findings on the association
between age and pTau217 levels, with some identifying a relationship
(32), and others not (15, 33). To further explore this association,
we also performed Spearman correlation analyses between pTau217
levels and age. In addition, partial Spearman correlations were
conducted between plasma pTau217 levels and cognitive/clinical
features (MoCA, MMSE, disease duration, and H&Y), adjusting for
creatinine levels. Lastly, the percentage of pTau217-positive cases and
their average pTau217 levels were calculated for each group.
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Of note, after evaluating potential significant differences in
pTau217 concentrations between groups, given the limited number of
CBS patients (n = 4), we combined them together with PSP resulting
in the primary tauopathies group referred as “PSP/CBS” (16).
Likewise, PDD and DLB (n = 4) were combined into a single group,
reflecting the continuum of Lewy body dementias (15, 20). False
Discovery Rate (FDR) correction was applied for multiple comparison
corrections. All the statistical analyses were performed using R
(version 4.2.3) and IBM SPSS Statistics (version 24); the statistical
significance threshold was set at p < 0.05.

3 Results

3.1 Sample demographic and clinical
features

Demographic, cognitive, clinical features and plasma pTau217
concentrations are summarized in Table 1. No significant differences
were noted in age or sex between groups. Although the overall
ANOVA model for age was significant, post-hoc tests showed no
significant difference between CU and MCI [t(164) = —2.70;
Pror = 0.114], as well as between the other subgroups.

Plasma pTau2l7 concentrations significantly differed across
groups (Figure 1). Namely, CU individuals showed lower pTau217
than MCI [t(163) = —3.72, pyox = 0.002], PD-MCI [t(163) = —3.08,
Pror = 0.007], PDD/DLB [t(163) = —2.33, ppy = 0.046] and PSP/CBS
patients [t(163) = —3.96, prpr = 0.002] with the exclusion of PD-NC;
while MCI had higher levels of pTau217 than PD-NC [t(163) = 3.20,
Pror=0.006]. PD-NC showed lower pTau2l7 than PD-MCI
[t(163) = —2.73,  pmwg=0.017], PDD/DLB  [t(163)=—2.27,
Pror = 0.046] and PSP/CBS [t(163) = —3.39, pypx = 0.004]. Of note,
creatinine levels were significantly higher in MCI individuals
compared to CU [t(164) = —3.00, prpr = 0.048], with no differences
observed in other group comparisons. The additional ANCOVA
model, which includes age alongside creatinine as covariates, further
confirmed our findings, as the results remained consistent when
controlling for age (see Supplementary material).

As shown in Figure 2, the percentage of pTau217-positive cases
(>0.22 ng/L) varied significantly across groups (p = 0.008), with the
highest percentage in MCI (34.6%, n = 9), CBS/PSP (28.1%, n = 9) and
PDD/DLB (27.3%, n = 3) groups, followed by PD-MCI (15.6%, n = 5)
and CU (7.8%, n = 4). No pTau217-positive cases were observed in
PD-NC. The proportion of pTau2l7-positive cases significantly
differed between PD-NC and the following groups: MCI [y*(1) = 7.66;
p= 0.006], PDD/DLB [3*(1) =529 p=0.021], and PSP/CBS
[%*(1) = 6.05; p = 0.014]. CU individuals had fewer pTau217-positive
cases than MCI and PSP/CBS [y(1) = 8.69; p = 0.003, and (1) = 6.05;
p = 0.014, respectively], while the CU vs. PDD/DLB comparison
showed only a trend [x*(1) = 3.36; p = 0.07], likely due to the small
PDD/DLB sample size.

Regarding disease duration, significant differences were observed
between patient groups. Both PD-NC and PD-MCI had longer disease
durations than PSP-CBS [t(88) = 3.26, p = 0.009 and t(88) = 3.26,
P <0.001, respectively]. Motor severity, assessed by Hoehn and Yahr
(H&Y), was more pronounced in PSP/CBS patients than all PD
subgroups (PD-NC: W =6.13, p<0.001; PD-MCL: W =6.00,
p<0.001 and PDD/DLB: W =3.73, p= 0.041). No significant
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TABLE 1 Demographic, clinical, and cognitive characteristics of clinical groups.

CU (n = 51) MCI (n = 26) PD-NC (n = 18) PD-MCI (n =32) PDD/DLB (n = 11) PSP/ CBS Total sample (n = 170)
(n = 32)
Mean Min- Mean Min- Mean Min- Mean Min- Mean Min- Mean Min- F (dfl, p-value Post-
(SD) max (SD) max (SD) max (SD) max (SD) max (SD) max df2)/y? hoc
(df)
7431 71.73
Age 70.8 (3.71) 64-80 65-84 71.11 (5.83) 63-87 73.72 (5.88) 63-82 58-80 73.06(6.22) = 56-85 2.27 (5,164) 0.05
(5.68) (6.34)
Sex, f/m 26/25 13/13 8/10 14/18 2/9 13/19 4.47 (5) 0.485
Disease
8.44 (5.88) 1-19 9.16 (6) 1-23 5.91 (4.5) 1-14 3.88(2) 1-9 7.41 (3,88) <0.001 il
duration, yrs
pTau217, ng/L 0.12(0.15) | 0.03-1.05 | 0.22(0.24) = 0.04-0.91  0.08(0.03)  0.04-0.18 = 0.15(0.12) | 003-0.57  0.16(0.1) = 0.05-039 0.7 (0.11) | 0.03-0.55 21.38 (6) <0.001
Creatinine, 76.98 75.08 67.17 66.13 71.09 69.19
53-115 51-112 37-106 31-114 53-85 35-101  2.55(5,164) 0.030 b
mmol/L (14.42) (15.04) (16.67) (20.51) (10.72) (15.44)
pTau217, pos/
neg (% 4/47 (7.84%) 9/17 (34.62%) 0/18 (0%) 5/27 (15.63%) 3/8 (27.27%) 9/23 (28.13%) 15.59 (5) 0.008 a,d, e i, j
positivity)
pTau217, ng/L
(of positive 0.53(0.36) | 0.22-1.05 = 0.47(026) = 0.22-0.91 - - 0.38(0.13) | 0.24-0.57  0.29(0.08) = 0.24-039  0.30(0.11) | 0.22-0.55 5.23 (4) 0.264
cases)
22.08 16.67 a,b,cdf
MoCA 259 (2.71) 18-30 14-28 26 (2.3) 23-30 22.06 (3.16) 15-27 13-22 18.66 (4.25) 9-26 79.74 (5) <0.001
(3.47) (3.84) g hij k1
24.33 bcdfg
MMSE 2896 (1.17) = 25-30 28.19 (1.5) 24-30 | 29.17(0.99) 27-30 27.34 (1.64) 22-30 (508 20-29 26.03 (2.82) 18-30 57.01 (5) <0.001 .
X L1
H&Y 1.92 (0.81) 1-4 2.39(0.83) 1-5 2.5(1.14) 1-5 3.52(1.12) 1-5 2857 (3) <0.001 jLm
594.91 448.54 543.57
LEDD 0-1,720 56-1,010 0-1,150 042 (2) 0.811
(472.2) (245.05) (486.7)
92.06
DAED 0-320 47.1(74.23) 0-320 15 (39.69) 0-105 4.67 (2) 0.097
(105.45)

Significant p-values are shown in bold. §, not normally distributed variables; SD; standard deviation; MoCA, Montreal Cognitive Assessment; MMSE, Mini-mental State Examination; H&Y, Hoehn and Yahr Scale; LEDD, levodopa equivalent daily dose; DAED,
dopamine agonist equivalent daily dose. Significant differences after multiple comparison corrections: (a) CU vs. MCI; (b) CU vs. PD-MCI; (c) CU vs. PDD/DLB; (d) CU vs. PSP/CBS; (e) MCI vs. PD-NG; (f) MCI vs. PDD/DLB; (g) MCI vs. PSP/CBS; (h) PD-NC vs.
PD-MCI; (i) PD-NC vs. PDD/DLB; (j) PD-NC vs. PSP/CBS; (k) PD-MCI vs. PDD/DLB; (1) PD-MCI vs. PSP/CBS; (m) PDD/DLB vs. PSP/CBS.
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FIGURE 1

Plasma pTau217 levels across clinical groups. CU, cognitively unimpaired; MCI, mild cognitive impairment; PD, Parkinson’s disease; NC, normal
cognition; PDD, PD with dementia; DLB, Dementia with Lewy bodies; PSP, Progressive Supranuclear Palsy; CBS, corticobasal syndrome. * < 0.05;
** < 0.01.
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Prevalence of plasma pTau217-positive cases across groups. CU, cognitively unimpaired; MCI, mild cognitive impairment; PD, Parkinson's disease; NC,
normal cognition; PDD, PD with dementia; DLB, Dementia with Lewy bodies; PSP, Progressive Supranuclear Palsy; CBS, corticobasal syndrome.
*<0.05; ** < 0.01.
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differences were observed in daily dosages of levodopa and dopamine
agonists across PD subgroups.

Global cognitive functioning, assessed by the Montreal Cognitive
Assessment (MoCA), revealed greater cognitive impairments in all
disease groups compared to the CU group (all p < 0.001), with the
exception of PD-NC. PDD/DLB and PSP/CBS exhibited more severe
cognitive impairments than PD-MCI (both p = 0.015), PD-NC (both
P <0.001), and MCI (p = 0.015 and p = 0.028, respectively). Lastly, as
expected, PD-MCI scored lower than PD-NC patients (p < 0.001).
Similar patterns were observed in Mini-Mental State Examination
(MMSE) scores, with PD-MCI, PDD/DLB, and PSP/CBS performing
worse global than CU individuals (all p < 0.001). MCI exhibited less
cognitive impairment than PDD/DLB and PSP/CBS (p = 0.025 and
p =0.015, respectively), while PD-NC performed better than PD-MCI
(p < 0.001), PDD/DLB (p = 0.005), and PSP/CBS (p < 0.001).

3.2 Correlations between pTau217,
demographic, cognitive and clinical
features

Regarding the association between pTau217 and age, a significant
positive correlation was observed only within the PD subgroup
(rs = 0.37, p = 0.004), while no significant correlations were found in
the CU (rs = 0.023, p = 0.873), MCI (rs = 0.083, p = 0.688) or PSP
(rs = 0.265, p = 0.173) subgroups.

In the overall PD group (n = 57), pTau217 levels negatively correlated
with global cognitive functioning, assessed by both MoCA (rs = —0.37,
p =0.005) and MMSE (s = —0.35, p = 0.009) (Figures 3A,B). In contrast,
no statistically significant correlations were found between pTau217, and
either disease duration or motor severity, as measured by the H&Y scale,
in both PD and PSP groups (all p > 0.05).

Furthermore, in the CU, MCI, and PSP/CBS groups, no
statistically significant correlations were found between pTau217 and
global cognitive functioning (MMSE and MoCA).

10.3389/fneur.2025.1638852

4 Discussion

We measured plasma pTau217 levels—a biomarker specific to AD
co-pathology—in PD patients with varying degrees of cognitive
dysfunction (including DLB), as well as in PSP/CBS, and compared
them to MCI and cognitively normal individuals.

Our main finding is that plasma pTau217 concentrations (adjusted
for creatinine) were significantly more elevated in PD subgroups with
greater cognitive impairment (PD-MCI, PDD/DLB, and PSP/CBS),
and in individuals with MCI, compared to PD-NC and
CU. Furthermore, using a previously validated pTau2l7 cut-off
(against AP-PET data) as a proxy of AD pathology (17),
we documented AD co-pathology in approximately 28% of PDD/DLB
and PSP/CBS patients and 16% of PD-MCI. No positive cases were
observed among PD-NC individuals. These findings, consistent with
ours and other previous reports, seem to suggest a relationship
between increasing AD co-pathology and worse PD-cognitive status
(2, 34-36).

As expected, the highest prevalence of AD-pathology was
observed in the MCI group, with 35% of individuals testing
pTau217-positive, while 8% of the CU group were also positive
despite normal cognitive performance, suggesting the presence of
prodromal AD cases. This is not surprising, but is aligned with
previous evidence, which interprets elevated pTau as an early
physiological reaction to brain Ap plaque deposition, preceding the
widespread aggregation of neurofibrillary tangles (8). In this regard,
plasma pTau217 has demonstrated prognostic utility in predicting
cognitive decline over a 2-year period in individuals with MCI, and
also in cognitively unimpaired individuals, highlighting its
potential value as a screening measure for early AD detection,
before the use of more invasive and costly CSF/PET techniques
(37-39).

Hence, our results support plasma pTau2l7 as a promising
marker for identifying individuals at risk of cognitive decline—not
only in elderly populations, but also in degenerative parkinsonisms.
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FIGURE 3
Correlation between plasma pTau217 levels and cognitive performance within the PD group. Plasma pTau217 correlation with (A) Montreal Cognitive
Assessment (MoCA), and (B) Mini-Mental State Examination (MMSE) in Parkinson's disease (PD) (n = 57).
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A further observation emerges when analyzing only pTau217-
positive individuals: the average concentrations in parkinsonian
disorders with cognitive impairment (PD-MCI, PDD/DLB, PSP/CBS)
ranged from 0.29 to 0.38, notably lower than those reported in an AD
cohort (about 0.66), as documented in our previous study using the same
Lumipulse G assay (17). These findings converge with prior PET (2), and
neuropathological studies (40), revealing a lower Af/tau burden in PD
compared to AD irrespective of age of the patient and disease duration.
Although the exact underlying biological mechanisms remain unclear,
this lower burden in synucleinopathies may result from modulatory and
interacting processes between Lewy bodies and A, potentially affecting
the pathological spread of AP as compared to “pure AD” (40).

We also found that plasma pTau217 levels were negatively correlated
with global cognitive functioning in PD, as assessed by MoCA and
MMSE scales, indicating that AD co-pathology, albeit less pronounced,
might aggravate cognitive dysfunctions in synucleinopathies, contributing
to a worse cognitive profile in PD (3, 35, 36). Similar associations have
been reported by a recent first report demonstrating a relationship
between plasma p-tau217 and MoCA performance in a cohort of PDD/
DLB patients and PD at low-dementia risk (15). This convergence
strengthens the case for the superiority of plasma pTau217 as a more
specific and sensitive biomarker of cognitive deterioration compared to
other plasma markers (e.g., pTaul81, AB42/40, and neurofilament light
chain), suggesting its potential utility in both clinical and research settings.

Conversely, in the PSP/CBS group, despite having more severe
global cognitive dysfunctions than PD-MCI and PD-NC (41),
pTau217 levels did not correlate with cognitive performance. This may
underscore the distinct pathological mechanisms in PSP, where
cognitive deficits are primarily linked to cortical 4R-tau pathology
rather than AD co-pathology (42). Although Af accumulation seems
relatively common in PSP, it appears to be rather associated with
advanced age and minimally contributes to PSP-related motor and
cognitive impairment (43).

A notable but controversial finding was the lack of a significant
correlation between plasma pTau217 levels and global cognition in the
MCI group, despite its higher prevalence of pTau2l7-positivity.
Previous longitudinal studies have demonstrated that steeper increases
in pTau217 correlate with accelerated MMSE decline, pointing to the
need for prospective investigation in larger cohorts (44).

Lastly, we observed a significant association between pTau217 and
age only within the PD subgroup, which differs from findings reported in
a previous study in a PDD/DLB cohort (5). However, it is important to
note that also evidence in CU/MCI populations remains inconsistent (32,
33), with recent research emphasizing the need for age-specific thresholds
to interpret pTau217 levels, particularly in CU individuals under 65 years
(45). Regarding disease progression, in contrast to the AD framework,
we found no direct association between pTau217 and clinical progression
in either the PD or PSP groups, although this is not unexpected, given
that AD pathology is not the primary driver in these conditions (39).

Our study has some limitations. First, given that Af status was not
confirmed by PET imaging or CSF analysis, pTau217 in this study can
only be regarded as a proxy of AD pathology, rather than as evidence of
confirmed AD co-pathology in our sample. However, a robust plasma
Lumipulse pTau217 cutoff (>0.22 ng/L) was adopted [ROC AUC was
0.99 (CI: 0.98-1)], which we previously validated in a cohort of cognitively
impaired subjects while adopting the same methodology (17).
Furthermore, the use of a similar threshold is also supported by a recent
head-to-head comparison of different pTau assays (46), and by another
study using the same fully automated Lumipulse platform (47, 48).

Frontiers in Neurology

10.3389/fneur.2025.1638852

Additional limitations of this study include the small sample size,
cross-sectional design, and lack of neuropathological confirmation.
Namely, to address sample sizes constraints, we combined some
diagnostic subgroups based on previous evidence reporting no
significant differences in pTau217 concentrations—namely, PDD and
DLB were analyzed together as Lewy Body disorders (5, 15), while
CBS (n = 4) was grouped with PSP (16). We recognize that combining
distinct disease entities may mask disease-specific patterns; therefore,
our findings—particularly those involving the CBS subgroup—should
be interpreted as exploratory. In addition, the small sample sizes in
certain disease subgroups likely limited statistical power and may
reduce the generalizability of our findings. The lack of longitudinal
data also constrains our ability to draw firm conclusions about the
causal impact of AD co-pathology on cognitive decline. Lastly,
we acknowledge that chronic kidney disease can affect pTau217
concentrations, and given that CU vs. MCI groups differed for
creatinine levels, we adjusted plasma pTau217 by including creatinine
levels as covariate in the statistical models (31, 32).

In conclusion, plasma pTau217 levels, as a proxy for both Ap and
tau pathology, represent a scalable, cost-effective, and non-invasive
marker of AD pathology across the PD-cognitive spectrum, PSP/CBS,
and MCI/CU populations, to timely identify individuals at risk of
cognitive deterioration.

AD co-pathology, despite of reduced magnitude compared to AD,
seem to independently contribute to cognitive decline in PD, but not
in PSP patients. Longitudinal studies with larger cohorts are warranted
to further confirm the role of plasma pTau217 measures in Lewy body
diseases and in 4R-tauopathies.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics Committee
at Padua University Hospital. The studies were conducted in
accordance with the local legislation and institutional requirements.
The participants provided their written informed consent to
participate in this study.

Author contributions

GM: Data curation, Formal analysis, Investigation, Methodology,
Writing - original draft, Writing - review & editing. EF: Data curation,
Formal analysis, Investigation, Writing — original draft, Writing -
review & editing. VM: Investigation, Methodology, Project
administration, Writing - review & editing. SC: Funding acquisition,
Investigation, Writing - review & editing. RB: Investigation, Writing —
review & editing. CF: Investigation, Writing - review & editing. GB:
Investigation, Writing — review & editing. WM: Writing - review &
editing. MaC: Investigation, Writing - review & editing. MiC:
Investigation, Writing — review & editing. FV: Investigation, Writing —
review & editing. AG: Investigation, Writing - review & editing. CC:
Investigation, Writing — review & editing. AC: Writing — review &

frontiersin.org


https://doi.org/10.3389/fneur.2025.1638852
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Musso et al.

editing. DC: Writing - review & editing. MM: Investigation,
Methodology, Writing — review & editing. AA: Conceptualization,
Funding acquisition, Resources, Supervision, Writing - review &
editing, Investigation.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. The study was
funded by Next Generation EU PE Age-It and Next Generation
EU National Research Center RNA and Gene therapies, PNRR
PREDICT-NEURODEGEN (PNRR-MAD-2022-12376415) and
RF-2021-12374386 Ministry of Health. Open Access funding
provided by Universita degli Studi di Padova, University of Padua,
and Open Science Committee.

Acknowledgments

We acknowledge co-funding from Next Generation EU, in the
context of the National Recovery and Resilience Plan, Investment PE8
- Project Age-It: Ageing Well in an Ageing Society’ This resource was
co-financed by the Next Generation EU (DM 1557 11.10.2022). The
views and opinions expressed are only those of the authors and do not
necessarily reflect those of the European Union or the European
Commission. Neither the European Union nor the European
Commission can be held responsible for them. Of note, this funding
source has no potential conflicts of interest related to the research
covered in the article.

References

1. Tan JH, Laurell A, Sidhom E, Rowe JB, O’Brien JT. The effect of amyloid and tau
co-pathology on disease progression in Lewy body dementia: a systematic review.
Parkinsonism Relat Disord. (2025) 131:107255. doi: 10.1016/j.parkreldis.2024.
107255

2. Petrou M, Dwamena BA, Foerster BR, Mac Eachern MP, Bohnen NI, Miiller ML,
et al. Amyloid deposition in Parkinson’s disease and cognitive impairment: a systematic
review. Mov Disord. (2015) 30:928-35. doi: 10.1002/mds.26191

3. Smith C, Malek N, Grosset K, Cullen B, Gentleman S, Grosset DG. Neuropathology
of dementia in patients with Parkinson’s disease: a systematic review of autopsy studies.
J Neurol Neurosurg Psychiatry. (2019) 90:1111-243. doi: 10.1136/jnnp-2019-
321111

4. Jack CR, Andrews ]S, Beach TG, Buracchio T, Dunn B, Graf A, et al. Revised criteria
for diagnosis and staging of Alzheimer’s disease: Alzheimer’s association workgroup.
Alzheimers Dement. (2024) 20:5143-69. doi: 10.1002/alz.13859

5. Hall S, Janelidze S, Londos E, Leuzy A, Stomrud E, Dage JL, et al. Plasma Phospho-
tau identifies Alzheimer’s co-pathology in patients with Lewy body disease. Mov Disord.
(2021) 36:767-71. doi: 10.1002/mds.28370

6. Castro-Labrador S, Silva-Rodriguez J, Labrador-Espinosa M, Mufioz-Delgado L,
Franco-Rosado P, Guerrero AMC, et al. The effect of AD co-pathology on cognitive
phenotype and FDG-PET patterns in Parkinson’s disease with cognitive impairment.
Alzheimers Dement. (2024) 20:€087594. doi: 10.1002/alz.087594

7. Therriault J, Vermeiren M, Servaes S, Tissot C, Ashton NJ, Benedet AL, et al.
Association of Phosphorylated tau Biomarkers with Amyloid Positron Emission
Tomography vs tau positron emission tomography. JAMA Neurol. (2023) 80:188-99. doi:
10.1001/jamaneurol.2022.4485

8. Feizpour A, Doecke JD, Doré V, Krishnadas N, Huang K, Bourgeat P, et al.
Detection and staging of Alzheimer’s disease by plasma pTau217 on a high throughput
immunoassay platform. EBioMedicine. (2024) 109:105405. doi:
10.1016/j.ebiom.2024.105405

9. Palmgqvist S, Insel PS, Stomrud E, Janelidze S, Zetterberg H, Brix B, et al.
Cerebrospinal fluid and plasma biomarker trajectories with increasing amyloid

Frontiers in Neurology

10.3389/fneur.2025.1638852

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member
of Frontiers, at the time of submission. This had no impact on the peer
review process and the final decision.

Generative Al statement

The authors declare that no Gen AI was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fneur.2025.1638852/

full#supplementary-material

deposition in Alzheimer’s disease. EMBO Mol Med. (2019) 11:e11170. doi:
10.15252/emmm.201911170

10. Mielke MM, Hagen CE, Xu J, Chai X, Vemuri P, Lowe V], et al. Plasma phospho-
tau 181 increases with Alzheimer’s disease clinical severity and is associated with tau-
and amyloid-positron emission tomography. Alzheimers Dement. (2018) 14:989-97. doi:
10.1016/j.jalz.2018.02.013

11. Barthélemy NR, Salvadé G, Schindler SE, He Y, Janelidze S, Colljj LE, et al. Highly
accurate blood test for Alzheimer’s disease is similar or superior to clinical cerebrospinal
fluid tests. Nat Med. (2024) 30:1085-95. doi: 10.1038/s41591-024-02869-z

12. Mattsson-Carlgren N, Janelidze S, Bateman RJ, Smith R, Stomrud E, Serrano GE,
et al. Soluble P-tau 217 reflects amyloid and tau pathology and mediates the association
of amyloid with tau. EMBO Mol Med. (2021) 13:e14022. doi: 10.15252/emmm.202114022

13. Brum WS, Cullen NC, Janelidze S, Ashton NJ, Zimmer ER, Therriault J, et al. A
two-step workflow based on plasma p-tau 217 to screen for amyloid f positivity with
further confirmatory testing only in uncertain cases. Nat Aging. (2023) 3:1079-90. doi:
10.1038/543587-023-00471-5

14. Morris HR. Blood based biomarkers for movement disorders. Acta Neurol Scand.
(2022) 146:353-61. doi: 10.1111/ane.13700

15. Hannaway N, Zarkali A, Bhome R, Dobreva I, Thomas GEC, Veleva E, et al.
Neuroimaging and plasma biomarker differences and commonalities in Lewy body
dementia subtypes. Alzheimers Dement. (2025) 21:€70274. doi: 10.1002/alz.70274

16. Vande Vrede L, La Joie R, Thijssen EH, Asken BM, Vento SA, Tsuei T, et al. Evaluation
of plasma phosphorylated tau 217 for differentiation between Alzheimer disease and
frontotemporal lobar degeneration subtypes among patients with Corticobasal syndrome.
JAMA Neurol. (2023) 80:495-505. doi: 10.1001/jamaneurol.2023.0488

17. Musso G, Gabelli C, Cagnin A, Cosma C, Cecchin D, Zorzi G, et al. Diagnostic
performances and cut-off verification of blood pTau 217 on the Lumipulse platform for
amyloid deposition in Alzheimer’s disease. Clin Chem Lab Med. (2025) 63:¢113-6. doi:
10.1515/cclm-2024-1091

frontiersin.org


https://doi.org/10.3389/fneur.2025.1638852
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2025.1638852/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2025.1638852/full#supplementary-material
https://doi.org/10.1016/j.parkreldis.2024.107255
https://doi.org/10.1016/j.parkreldis.2024.107255
https://doi.org/10.1002/mds.26191
https://doi.org/10.1136/jnnp-2019-321111
https://doi.org/10.1136/jnnp-2019-321111
https://doi.org/10.1002/alz.13859
https://doi.org/10.1002/mds.28370
https://doi.org/10.1002/alz.087594
https://doi.org/10.1001/jamaneurol.2022.4485
https://doi.org/10.1016/j.ebiom.2024.105405
https://doi.org/10.15252/emmm.201911170
https://doi.org/10.1016/j.jalz.2018.02.013
https://doi.org/10.1038/s41591-024-02869-z
https://doi.org/10.15252/emmm.202114022
https://doi.org/10.1038/s43587-023-00471-5
https://doi.org/10.1111/ane.13700
https://doi.org/10.1002/alz.70274
https://doi.org/10.1001/jamaneurol.2023.0488
https://doi.org/10.1515/cclm-2024-1091

Musso et al.

18. Postuma RB, Berg D, Stern M, Poewe W, Olanow CW, Oertel W, et al. MDS clinical
diagnostic criteria for Parkinson’s disease. Mov Disord. (2015) 30:1591-601. doi:
10.1002/mds.26424

19. McKeith IG, Boeve BE, Dickson DW, Halliday G, Taylor JP, Weintraub D, et al.
Diagnosis and management of dementia with Lewy bodies: fourth consensus report of
the DLB consortium. Neurology. (2017) 89:88-100. doi: 10.1212/WNL.0000000000004058

20. Gomperts SN. Lewy body dementias: dementia with Lewy bodies and Parkinson
disease dementia. Contin Lifelong Learn Neurol. (2016) 22:435-63. doi:
10.1212/CON.0000000000000309

21. Jellinger KA. Dementia with Lewy bodies and Parkinsons disease-dementia:
current concepts and controversies. J Neural Transm. (2018) 125:615-50. doi:
10.1007/500702-017-1821-9

22. Hoglinger GU, Respondek G, Stamelou M, Kurz C, Josephs KA, Lang AE, et al.
Clinical diagnosis of progressive supranuclear palsy: the movement disorder society
criteria. Mov Disord. (2017) 32:853-64. doi: 10.1002/mds.26987

23. Armstrong MJ, Litvan I, Lang AE, Bak TH, Bhatia KP, Borroni B, et al. Criteria for
the diagnosis of corticobasal degeneration. Neurology. (2013) 80:496-503. doi:
10.1212/WNL.0b013e31827f0fd1

24. Dunne RA, Aarsland D, O’Brien JT, Ballard C, Banerjee S, Fox NC, et al. Mild
cognitive impairment: the Manchester consensus. Age Ageing. (2021) 50:72-80. doi:
10.1093/ageing/afaa228

25. Fiorenzato E, Cauzzo S, Weis L, Garon M, Pistonesi F, Cianci V, et al. Optimal
MMSE and MoCA cutofs for cognitive diagnoses in Parkinson’s disease: a data-driven
decision tree model. ] Neurol Sci. (2024) 466:123283. doi: 10.1016/j.jns.2024.123283

26. Maffoni M, Pierobon A, Fundard C. MASCoD-multidimensional assessment of
subjective  cognitive  decline.  Front  Psychol.  (2022) 13:921062. doi:
10.3389/fpsyg.2022.921062

27. Litvan I, Goldman JG, Troster Al, Schmand BA, Weintraub D, Petersen RC, et al.
Diagnostic criteria for mild cognitive impairment in Parkinson’s disease: Movement
Disorder Society task force guidelines. Mov Disord. (2012) 27:349-56. doi:
10.1002/mds.24893

28. Fiorenzato E, Moaveninejad S, Weis L, Biundo R, Antonini A, Porcaro C. Brain
dynamics complexity as a signature of cognitive decline in Parkinson’s disease. Mov
Disord. (2024) 39:305-17. doi: 10.1002/mds.29678

29. Musso G, Gabelli C, Puthenparampil M, Cosma C, Cagnin A, Gallo P, et al. Blood
biomarkers for Alzheimer’s disease with the Lumipulse automated platform: age-effect
and clinical value interpretation. Clin Chim Acta. (2025) 565:120014. doi:
10.1016/j.cca.2024.120014

30. Musso G, Cosma C, Zaninotto M, Gabelli C, Basso D, Plebani M. Pre-analytical
variability of the Lumipulse immunoassay for plasma biomarkers of Alzheimer’s disease.
Clin Chem Lab Med. (2023) 61:e53-6. doi: 10.1515/cclm-2022-0770

31. Bornhorst JA, Lundgreen CS, Weigand SD, Figdore DJ, Wiste H, Griswold M, et al.
Quantitative assessment of the effect of chronic kidney disease on plasma P-tau 217
concentrations. Neurology. (2025) 104:¢210287. doi: 10.1212/WNL.0000000000210287

32. Mielke MM, Dage JL, Frank RD, Algeciras-Schimnich A, Knopman DS, Lowe V],
et al. Performance of plasma phosphorylated tau 181 and 217 in the community. Nat
Med. (2022) 28:1398-405. doi: 10.1038/s41591-022-01822-2

33. Kivisakk P, Fatima HA, Cahoon DS, Otieno B, Chacko L, Minooei E, et al. Clinical
evaluation of a novel plasma pTau217 electrochemiluminescence immunoassay in
Alzheimer’s disease. Sci Rep. (2024) 14:629. doi: 10.1038/s41598-024-51334-x

Frontiers in Neurology

09

10.3389/fneur.2025.1638852

34. Garon M, Weis L, Fiorenzato E, Pistonesi E, Cagnin A, Bertoldo A, et al. Quantification
of brain B-amyloid load in Parkinson’s disease with mild cognitive impairment: a PET/MRI
study. Front Neurol. (2021) 12:760518. doi: 10.3389/fneur.2021.760518

35. Biundo R, Weis L, Fiorenzato E, Pistonesi F, Cagnin A, Bertoldo A, et al. The
contribution of beta-amyloid to dementia in Lewy body diseases: a 1-year follow-up
study. Brain Commun. (2021) 3:fcab180. doi: 10.1093/braincomms/fcab180

36. Fiorenzato E, Biundo R, Cecchin D, Frigo AC, Kim J, Weis L, et al. Brain amyloid
contribution to cognitive dysfunction in early-Stage Parkinson’s disease: the PPMI
dataset. | Alzheimer's Dis. (2018) 66:229-37. doi: 10.3233/JAD-180390

37. Feizpour A, Doré V, Doecke JD, Saad ZS, Triana-Baltzer G, Slemmon R, et al.
Two-year prognostic utility of plasma p 217+tau across the Alzheimer’s continuum. J
Prev Alzheimers Dis. (2023) 10:828-36. doi: 10.14283/jpad.2023.83

38. Khalafi M, Dartora WJ, McIntire LBJ, Butler TA, Wartchow KM, Hojjati SH, et al.
Diagnostic accuracy of phosphorylated tau 217 in detecting Alzheimer’s disease
pathology among cognitively impaired and unimpaired: a systematic review and meta-
analysis. Alzheimers Dement. (2025) 21:e14458. doi: 10.1002/alz.14458

39. Antonioni A, Raho EM, Di Lorenzo E Manzoli L, Flacco ME, Koch G. Blood
phosphorylated tau 217 distinguishes amyloid-positive from amyloid-negative subjects
in the Alzheimer’s disease continuum. A systematic review and meta-analysis. ] Neurol.
(2025) 272:252. doi: 10.1007/s00415-025-12996-3

40. Colloby SJ, McAleese KE, Walker L, Erskine D, Toledo JB, Donaghy PC, et al.
Patterns of tau, amyloid and synuclein pathology in ageing, Alzheimer’s disease and
synucleinopathies. Brain. (2024) 148:1562-76. doi: 10.1093/brain/awae372

41. Fiorenzato E, Weis L, Falup-Pecurariu C, Diaconu S, Siri C, Reali E, et al. Montreal
cognitive assessment (MoCA) and mini-mental state examination (MMSE) performance
in progressive supranuclear palsy and multiple system atrophy. ] Neural Transm. (2016)
123:1435-42. doi: 10.1007/s00702-016-1589-3

42.Koga S, Parks A, Kasanuki K, Sanchez-Contreras M, Baker MC, Josephs KA, et al.
Cognitive impairment in progressive supranuclear palsy is associated with tau burden.
Mov Disord. (2017) 32:1772-9. doi: 10.1002/mds.27198

43. Whitwell JL, Ahlskog JE, Tosakulwong N, Senjem ML, Spychalla AJ, Petersen RC,
et al. Pittsburgh compound B and AV-1451 positron emission tomography assessment
of molecular pathologies of Alzheimer’s disease in progressive supranuclear palsy.
Parkinsonism Relat Disord. (2018) 48:3-9. doi: 10.1016/j.parkreldis.2017.12.016

44. Mattsson-Carlgren N, Janelidze S, Palmqvist S, Cullen N, Svenningsson AL,
Strandberg O, et al. Longitudinal plasma p-tau 217 is increased in early stages of
Alzheimer’s disease. Brain. (2020) 143:3234-41. doi: 10.1093/brain/awaa286

45. Ahn ], Lee EH, Yoo H, Shin D, Kang H, Yim S, et al. Tailoring thresholds for
interpreting plasma p-tau 217 levels. ] Neurol Neurosurg Psychiatry. (2025) 96:722-7.
doi: 10.1136/jnnp-2025-335830

46. Wojda%a AL, Vanbrabant J, Bayoumy S, Antwi-Berko D, Bastard NL, Van Der Flier
WM, et al. Analytical and clinical performance of eight Simoa® and Lumipulse® assays
for automated measurement of plasma p-tau 181 and p-tau 217. Alzheimer's Res Ther.
(2024) 16:266. doi: 10.1186/s13195-024-01630-5

47. Catania M, Battipaglia C, Perego A, Salvi E, Maderna E, Cazzaniga FA, et al. Exploring
the ability of plasma pTau217, pTaul81 and beta-amyloid in mirroring cerebrospinal fluid
biomarker profile of mild cognitive impairment by the fully automated Lumipulse
platform. Fluids Barriers CNS. (2025) 22:9. doi: 10.1186/s12987-025-00620-5

48. Cecchetti G, Agosta F, Rugarli G, Spinelli EG, Ghirelli A, Zavarella M, et al.
Diagnostic accuracy of automated Lumipulse plasma pTau-217 in Alzheimer’s disease:
a real-world study. J Neurol. (2024) 271:6739-49. doi: 10.1007/s00415-024-12631-7

frontiersin.org


https://doi.org/10.3389/fneur.2025.1638852
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1002/mds.26424
https://doi.org/10.1212/WNL.0000000000004058
https://doi.org/10.1212/CON.0000000000000309
https://doi.org/10.1007/s00702-017-1821-9
https://doi.org/10.1002/mds.26987
https://doi.org/10.1212/WNL.0b013e31827f0fd1
https://doi.org/10.1093/ageing/afaa228
https://doi.org/10.1016/j.jns.2024.123283
https://doi.org/10.3389/fpsyg.2022.921062
https://doi.org/10.1002/mds.24893
https://doi.org/10.1002/mds.29678
https://doi.org/10.1016/j.cca.2024.120014
https://doi.org/10.1515/cclm-2022-0770
https://doi.org/10.1212/WNL.0000000000210287
https://doi.org/10.1038/s41591-022-01822-2
https://doi.org/10.1038/s41598-024-51334-x
https://doi.org/10.3389/fneur.2021.760518
https://doi.org/10.1093/braincomms/fcab180
https://doi.org/10.3233/JAD-180390
https://doi.org/10.14283/jpad.2023.83
https://doi.org/10.1002/alz.14458
https://doi.org/10.1007/s00415-025-12996-3
https://doi.org/10.1093/brain/awae372
https://doi.org/10.1007/s00702-016-1589-3
https://doi.org/10.1002/mds.27198
https://doi.org/10.1016/j.parkreldis.2017.12.016
https://doi.org/10.1093/brain/awaa286
https://doi.org/10.1136/jnnp-2025-335830
https://doi.org/10.1186/s13195-024-01630-5
https://doi.org/10.1186/s12987-025-00620-5
https://doi.org/10.1007/s00415-024-12631-7

	Detecting amyloid and tau pathology in Parkinson’s disease, 4R-tauopathies and control subjects with plasma pTau217
	1 Introduction
	2 Materials and methods
	2.1 Study participants
	2.2 Plasma pTau217
	2.3 Statistical analyses

	3 Results
	3.1 Sample demographic and clinical features
	3.2 Correlations between pTau217, demographic, cognitive and clinical features

	4 Discussion

	References

