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Abstract
Objectives
Tools are needed to evaluate the risk of developing Parkinson disease (PD) in at-risk pop-
ulations. In this study, we examine differences in alpha-synuclein seed amplification assay
(αSyn-SAA) qualitative results and amplification parameters between nonmanifesting carriers
(NMCs) of PD-related pathogenic variants, prodromal PD, and PD and the risk of developing
a synucleinopathy in participants with prodromal PD.

Methods
Cross-sectional and longitudinal CSF αSyn-SAA results from participants in the Parkinson’s
Progression Markers Initiative were analyzed. αSyn-SAA positivity and amplification parame-
ters (maximum fluorescence [Fmax], time-to-threshold [TTT], time-to-50% Fmax [T50], and
area under the curve [AUC]) were compared between NMCs, participants with prodromal PD,
and participants with PD, and their relationship with the likelihood of phenoconversion in
participants with prodromal PD was investigated.

Results
Samples from 1,027 participants were analyzed (159 healthy controls [HCs], 247 NMCs, 96
participants with prodromal PD, and 525 participants with PD). TTT and T50 were faster, and
AUC was higher in αSyn-SAA+ participants with prodromal PD and PD than αSyn-SAA+
NMCs and HC participants (Kruskal-Wallis χ2 = 4.15–13.96, p < 0.0002–0.04). Participants
with prodromal PD with positive αSyn-SAA tests and faster TTT had higher rates of pheno-
conversion (log-rank p = 0.001 and log-rank test-for-trend p < 0.0001). There were no changes
in 48 participants with prodromal PD with longitudinal assays.

Discussion
αSyn-SAA positivity and faster seed amplification are associated with a greater risk of de-
veloping PD in at-risk individuals and may aid in predicting phenoconversion.
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Introduction
Alpha-synuclein seed amplification assay (αSyn-SAA) enables sensitive and specific detection of αSyn-
seeds in CSF, which are a biomarker of α-synuclein pathology in Parkinson disease (PD) and
dementia with Lewy bodies (DLB) and in patients with REM sleep behavior disorder (RBD) and
hyposmia who are at risk of developing PD or DLB.1-8 Early studies showed that faster amplification,
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reflected in shorter time-to-threshold (TTT), shorter time-to-50%
maximum fluorescence (T50), and greater area under the curve
(AUC), correlated with higher quantities of synthetic αSyn-
seeds.1,9 However, only modest associations have been reported
between these amplification parameters and clinical changes in
patients with PD.5,6,8,10,11 It is not clear whether early detection of
brain α-synuclein pathology by αSyn-SAA or amplification
parameters can predict the onset of motor PD in at-risk
populations.7,10 In this study, we examine the cross-sectional dif-
ferences in αSyn-SAA positivity and amplification parameters in
participants of the Parkinson’s Progression Markers Initiative
(PPMI) study, including nonmanifesting carriers (NMCs) of
pathogenic variants increasing the risk of developing PD, pro-
dromal PD, and manifest PD. In addition, we examine longitu-
dinal changes in these groups and the relationship of αSyn-SAA
positivity and amplification parameters with the risk of pheno-
conversion in participants with prodromal PD.

Methods
Study Design and Participants
Detailed information about inclusion criteria, informed con-
sent, demographics, and study design can be found on the
PPMI website.12

The study cohort included healthy control (HC) partic-
ipants, participants with PD, participants with prodromal PD
(hyposmia and/or RBD with mild deficits on dopamine-
transporter [DAT] SPECT scans, with or without patho-
genic genetic variants that increase the risk of developing PD
[LRRK2: leucine-rich repeat kinase 2, GBA: glucocere-
brocidase, SNCA: α-synuclein]), and NMCs without RBD or
hyposmia. The study was approved by institutional review
boards at each site, and participants provided informed
consent to participate. Cohort assignment was made using
the most recent consensus diagnosis available at the time of
data download on May 8, 2023.13 Movement Disorder So-
ciety Unified Parkinson’s Disease Rating Scale (MDS-
UPDRS) part III was recorded in the off-state for treated
participants.

α-Synuclein Seed Amplification Assay
CSF samples were submitted between February and August of
2022 for analysis using the Amprion αSyn-SAA as previously
described.14 Amplification parameters (TTT [h], Fmax

[RFU], T50 [h], and AUC [%*s]) (eFigure 1) were calculated
as previously described.14 Because samples were run in trip-
licate, the median value of the aforementioned parameters was
used for statistical analyses.

Table 1 Clinical Variables in Cohorts Assessed and αSyn-SAA Positivity

Clinical values
Healthy controls
(N = 159)

Nonmanifesting
carriers
(N = 247)

Prodromal PD cohort
(N = 96) PD cohort (N = 525)

Age, mean (SD) y 60.6 (11.2) 62.0 (7.4) 64.3 (8.4) 61.5 (9.5)

Sexa, no. (%) F: 55 (35)
M: 104 (65)

F: 138 (56)
M: 109 (44)

F: 39 (41)
M: 57 (59)

F: 201 (38)
M: 324 (62)

Racea, no. (%) Black/African American: 8
(5)
White: 148 (93)
Other/multiple races: 1
(<1)
Not reported: 2 (1)

White: 242 (98)
Not reported: 5 (2)

Black/African American: 1
(1)
White: 91 (95)
Not reported: 4 (4)

American Indian/Alaskan Native: 1
(<1)
Asian: 9 (2)
Black/African American: 7 (1)
White: 496 (95)
Other/multiple races: 7 (1)
Not reported: 5 (<1)

Hispanic/Latino ethnicitya,
no. (%)

3 (2%) 11 (5%) 21 (22% 30 (6%)

Education, mean years (SD) 16.2 (3.1) 16.1 (3.8) 15.2 (4.9) 15.6 (3.4)

αSyn-SAA positivity

Totala 3 (2%, 95% CI 0.4–5.4) 13 (5%, 95% CI 3.1–9.3) 54 (56%, 95% CI 45.7–66.4) 463 (88%, 95% CI 85.1–90.8)

Sporadic NA NA 44/51 (86%,
95% CI 73.7–94.3)

329/353 (93%, 95% CI 90.1–95.6)

GBAa NA 5/122 (4%, 95% CI
1.3–9.3)

5/18 (28%, 95% CI
9.7–54.3)

47/49 (96%, 95% CI 86.0–99.5)

LRRK2a NA 8/125 (6%, 95% CI
2.8–12.2)

5/25 (20%, 95% CI
6.8–40.7)

76/112 (68%, 95% CI 58.4–76.4)

SNCAa NA NA 0/2 (0%, NA) 11/11 (100%, NA)

Abbreviations: F = female; M = male; NA = not applicable.
Binomial exact 95% confidence intervals are reported.
a p < 0.05 between cohorts.
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Statistical Analysis
Categorical demographic variables were compared using the
Fisher exact test. Continuous demographic variables and
differences in αSyn-SAA amplification parameters were
compared using Kruskal-Wallis tests, with Wilcoxon tests for
pairwise comparisons. Survival analyses of time-to-event were
performed to compare αSyn-SAA results and the risk of
phenoconversion of participants with prodromal PD to
manifest PD or DLB. Log-rank tests were used for comparing
2 survival groups, and the log-rank test-for-trend was used
when more than 2 groups were analyzed with Holm correc-
tion for multiple comparisons. Correlations between ampli-
fication parameters were calculated using Spearman rho.

Results
Cross-Sectional Analysis
Of 1,119 possible participants, 1,027 were studied. Excluded
cases included participants with inconclusive αSyn-SAA results
(n = 16), CSF amount not sufficient for testing (n = 5),
participants without consensus diagnoses or with discordant

cohort assignments (n = 69), and participants classified as
“scans without evidence of dopamine deficiency (SWEDD)”
(n = 2) (eFigure 2). While some cross-sectional results have
been previously reported,4 here we used the most updated
consensus diagnoses, excluded SWEDD participants, included
those with SNCA pathogenic variants, and analyzed partic-
ipants with GBA or LRRK2 pathogenic variants with hyposmia
or RBD in the prodromal PD group (eTable 1). Demographics
and αSyn-SAA positivity are provided in Table 1.

Lower rates of αSyn-SAA positivity were observed in partic-
ipants with prodromal PD with pathogenic variants than in
participants with sporadic prodromal PD [prodromal PD-
LRRK2: 20% (5/25), prodromal PD-GBA: 28% (5/18), pro-
dromal PD-SNCA: 0% (0/2), and sporadic prodromal PD:
86% (44/51); χ2 = 40.5, p < 0.001]. Clinical differences be-
tween αSyn-SAA+ and αSyn-SAA- participants with prodromal
PD, stratified by genetic status, are shown in the supplemental
material (eTable 2). Different rates of αSyn-SAA positivity
were observed between participants with sporadic prodromal
PD and participants with sporadic PD but were not statistically
significant (χ2 = 3.02, p = 0.08) (Table 1).

Figure 1 αSyn-SAA Amplification Parameters Across Cohorts

Baseline speed of αSyn-SAA amplification evaluated using TTT (h) for different cohorts. (A) TTT for all αSyn-SAA+ participants, including healthy controls, GBA
and LRRK2 nonmanifesting carriers, prodromal PD, and PD. (B) TTT for αSyn-SAA+ participants with prodromal PD grouped by prodromal symptoms
(hyposmia and RBD) compared with nonmanifesting carriers. (C) TTT for αSyn-SAA+ participants with PD by genetic status. (D) Correlations of different
amplification parameters. Size of the circle indicatedmagnitude of the correlation along with color indicating direction of association. **p < 0.01 for Pearson
correlation between amplification parameters. αSyn-SAA = alpha-synuclein seed amplification assay; AUC = area under the curve, Fmax = maximum
fluorescence; PD = Parkinson disease; T50 = time-to-50% maximum fluorescence; TTT = time-to-threshold.
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αSyn-SAA+ participants with PD and prodromal PD had
faster TTT and T50 and higher AUC than the small number of
αSyn-SAA+ HC and NMC participants (Figure 1A, eFig-
ure 3). There were no major differences in amplification
parameters between participants with prodromal PD with
RBD and/or hyposmia (Figure 1B). Among αSyn-SAA+
participants with prodromal PD, sporadic cases had shorter
TTT than those with GBA or LRRK2 pathogenic variants
(Figure 1C). Participants with PD-SNCA had the shortest
TTT and T50 and highest AUC, followed by participants with

PD-GBA and sporadic PD and participants with PD-LRRK2
(Figure 1D, eFigure 4).

Longitudinal Analysis
Longitudinal clinical data were available for 96 participants
with prodromal PD (sporadic prodromal PD n = 51, pro-
dromal PD-LRRK2 n = 25, prodromal PD-GBA n = 18,
prodromal PD-SNCA n = 2) with baseline αSyn-SAA tests
[56.2% (54/96) αSyn-SAA+]. The maximum follow-up time
was 9.2 years (median 5.0 years, IQR 2.92 years). At the time

Figure 2 αSyn-SAA Positivity and Amplification Parameters and the Risk of Phenoconversion

(A) Participantswith prodromal PDwith positiveαSyn-SAAhad a greater likelihood of phenoconversion to PDorDLB. (B) Of thosewith positiveαSyn-SAA tests,
participantswith prodromal PDwith faster TTT (bymedian split) had the greatest likelihoodof phenoconversion, followed by thosewith slower TTT values and
participants with negative αSyn-SAA. αSyn-SAA = alpha-synuclein seed amplification assay; DLB = dementia with Lewy bodies; PD = Parkinson disease; TTT =
time-to-threshold.
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of data abstraction, 23 of these participants (19 with sporadic
prodromal PD and 4 with prodromal PD-LRRK2) had phe-
noconverted to PD (n = 21) or DLB (n = 2). Prodromal PD
αSyn-SAA+ participants were more likely to phenoconvert
(p = 0.001), suggesting that αSyn-SAA positivity could be
used as an enrichment tool for individuals at risk of pheno-
conversion within 5–10 years (Figure 2A).

When dividing the αSyn-SAA+ participants with prodromal
PD into those with faster (TTT < median) and slower
(TTT ≥ median) amplification, there was a stepwise increase
in the likelihood of phenoconversion, with participants with
“fast amplification” being the most likely to phenoconvert,
followed by participants with “slow amplification” and αSyn-
SAA- participants (log-rank test-for-trend p < 0.001,
Figure 2B). Concordantly, participants with “fast amplification”
had greater increases in MDS-UPDRS part III scores than
participants with “slow amplification” over time (eFigure 5,
A–C). Addition of age and sex as covariates further illustrated
these differences (adjusted Cox proportional hazard “slow
amplification” vs αSyn-SAA-, p = 0.0001, and “slow am-
plification” vs “fast amplification,” p = 0.03). There were no
significant changes in TTT or T50 over time in longitudinally
collected samples from 48 participants with prodromal PD
(eFigure 6).

Discussion
CSF αSyn-SAA is an accepted biomarker of underlying
α-synuclein pathology in PD andDLB.3,5,9,14,15 Because αSyn-
seeds have been detected in those with prodromal PD, we
evaluated αSyn-SAA positivity and amplification parameters
and their association with phenoconversion to a PD or DLB
diagnosis. We did not investigate genetic differences between
prodromal participants because our goal was to evaluate
whether underlying synuclein neuropathology detected by
αSyn-SAA could be an indicator of clinical phenoconversion,
regardless of the potential etiology of the α-synuclein pa-
thology. Future appropriately powered studies will be needed
to understand biomarker-related progression in these groups
with potentially different pathobiologies. In this study, we
showed that αSyn-SAA positivity is a phenoconversion pre-
dictor for those with prodromal PD symptoms (RBD and/or
hyposmia) with mild DAT deficits.7,16 Moreover, the speed of
amplification seems to be a potential tool to further increase
the chances of identifying phenoconverters in this cohort.
Larger, more diverse prodromal PD cohorts will be needed to
confirm these findings and assess generalizability. Recent
publications have shown associations between speed of am-
plification and cognitive decline in PD and other Lewy body
disorders.17,18 Our results suggest that those same parameters
combined with qualitative αSyn-SAA results could aid in
identifying those with prodromal PD, who have the highest
chances of phenoconversion, for neuroprotective clinical trial
enrollment. However, this version of the αSyn-SAA seems
unlikely to independently predict imminent phenoconversion

at the individual level. Thus, additional biomarkers and/or
newer αSyn-SAAs are probably needed to translate group
findings to individual participants.
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