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Summary
Background Early differentiation of multiple system atrophy (MSA) from Parkinson’s disease (PD) remains difficult, 
particularly within two years of symptom onset, when diagnostic uncertainty has major implications for prognosis, 
referral, and trial enrolment. Because MSA is rare, previous biomarker studies have often been limited by relatively 
small samples and restricted multicentre validation. We aimed to determine the diagnostic performance of plasma 
neurofilament light chain (NfL) for differentiating MSA from PD and to assess the incremental value of glial 
fibrillary acidic protein (GFAP), total tau (t-tau), and phosphorylated tau at threonine 217 (p-tau217).

Methods In this multicentre cross-sectional diagnostic study, participants were enrolled from five movement- 
disorder referral centres in China between Jan 1, 2018, and June 30, 2024, and were divided by enrolment period 
into discovery and temporally separated validation datasets. Plasma NfL, GFAP, t-tau, and p-tau217 were 
measured using light-initiated chemiluminescence assays. Group comparisons used age- and sex-adjusted 
models, and discrimination was assessed using receiver-operating-characteristic analysis with sensitivity, 
specificity, predictive values, and robustness analyses.

Findings The analysis included 2408 participants: 782 (32.5%) with PD, 796 (33.1%) with MSA, and 830 (34.5%) 
healthy controls. NfL was the best single biomarker for differentiating MSA from PD in the discovery dataset (AUC 
0.920, 95% CI 0.903–0.936). The discovery-derived cutoff of 41.3 pg/mL yielded sensitivity of 90.5% and specificity of 
83.4% in the discovery dataset, and sensitivity of 86.7% and specificity of 85.5% in the validation dataset (AUC 0.924, 
95% CI 0.898–0.948). In the early-stage subgroup, NfL retained strong performance (AUC 0.943, 95% CI 
0.915–0.966). Integrated multimarker models provided limited incremental discrimination over NfL alone.

Interpretation Plasma NfL may support the differentiation between clinically diagnosed MSA and PD, including 
early in the disease course. The limited added value of multimarker panels supports a simpler and more imme
diately translatable NfL-first strategy for diagnostically uncertain parkinsonism.
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Introduction
Distinguishing multiple system atrophy (MSA) from 
Parkinson’s disease (PD) remains a major unmet need 
in clinical neurology, particularly early in the disease 
course, when overlapping motor and non-motor fea
tures often lead to diagnostic uncertainty.1–3 Both con
ditions can manifest with parkinsonism, leading to 
frequent initial misdiagnosis.4,5 This distinction matters 
because an incorrect or delayed diagnosis affects prog
nostic counselling, subsequent investigations, and 
eligibility for trials of disease-modifying therapies. 
Although fluid and imaging biomarkers have improved 
the biological characterisation of parkinsonian disor
ders, clinically scalable tools that can support early PD 
and MSA differentiation in routine practice remain 
limited.6

Current diagnostic approaches rely on clinical 
criteria, which have limited sensitivity in early disease.7 

Dopamine transporter imaging can help differentiate 
parkinsonian syndromes from non-degenerative con
ditions, but it often fails to reliably distinguish MSA 
from PD.8,9 Biomarkers in cerebrospinal fluid (CSF), 
such as seed-amplification assays for α-synuclein, have 
shown considerable promise for improving diagnostic 
accuracy,10–13 but lumbar puncture limits scalability. 
Therefore, blood-based biomarkers represent a less 

invasive alternative, yet their utility for differentiating 
MSA from PD remains to be definitively established.14

Recent advances in ultrasensitive immunoassays 
have enabled reliable quantification of neurofilament 
light chain (NfL) in blood and CSF, providing an 
accessible marker of neuroaxonal injury. Multiple co
horts have demonstrated that circulating NfL is 
consistently higher in atypical parkinsonian syndromes, 
including MSA, progressive supranuclear palsy (PSP), 
and corticobasal syndrome (CBS), than in PD, 
including in relatively early disease stages.14–17 Recent 
meta-analyses further support this concept, reporting 
strong overall diagnostic accuracy for blood NfL in 
differentiating PD from atypical parkinsonism and 
consistently ranking MSA as the condition with the 
highest NfL elevations.18,19 Nevertheless, between-study 
heterogeneity (assay platforms, preanalytical handling) 
has limited translation into harmonised reference in
tervals and clinically actionable cutoffs across labora
tories and populations.20

Glial fibrillary acidic protein (GFAP), a marker of 
astroglial activation, has also been associated with 
synucleinopathies and may complement NfL for dif
ferential diagnosis and prognosis; however, its incre
mental value for separating PD from MSA remains 
uncertain and potentially cohort-dependent.21,22

Research in context

Evidence before this study
Blood neurofilament light chain (NfL) has consistently 
emerged as one of the most promising fluid biomarkers for 
differentiating atypical parkinsonian syndromes from 
Parkinson’s disease, with multiple system atrophy (MSA) 
typically showing the highest concentrations. However, 
previous studies have often been limited by small single- 
centre samples, relatively few early-stage MSA cases, 
restricted external validation, and uncertainty about how 
blood NfL might be used in practice across different 
prevalence settings.

Added value of this study
This study provides a large, focused, 5-centre clinical 
evaluation of plasma NfL for MSA-PD differentiation, 
including 796 patients with MSA, a temporally separated 
validation dataset, and an early-stage subgroup. We 

additionally assessed the robustness of the plasma NfL 
findings using disease-duration-adjusted and disease- 
duration-matched analyses, centre stratification, cognitive 
stratification, orthostatic-hypotension summaries, MSA-P/ 
MSA-C analyses, and exploratory PSP/CBS comparators.

Implications of all the available evidence
The available evidence supports plasma NfL as the leading 
blood-based biomarker for differentiating MSA from 
Parkinson’s disease. Our findings suggest NfL as a triage 
biomarker in diagnostically uncertain parkinsonism, 
particularly early in the disease course, and that a simple 
‘NfL-first’ strategy may be more scalable and clinically 
translatable than more complex multimarker panels. 
Longitudinal and pathology-confirmed studies are needed to 
define prognostic utility and broader applicability across 
atypical parkinsonian syndromes.
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Total tau (t-tau) and phosphorylated tau at threonine 
217 (p-tau217) are plasma biomarkers of neuronal 
injury and Alzheimer-type tau pathology, respectively. 
Plasma NfL can also be modestly elevated in mild 
cognitive impairment and Alzheimer’s disease (AD), 
where it reflects neurodegeneration rather than 
AD-specific amyloid or tau pathology.23 Because 
concomitant amyloid/tau pathology can occur in older 
individuals and in PD with cognitive impairment, 
incorporating p-tau217 may help identify comorbid 
Alzheimer’s disease (AD) pathology that could 
confound the interpretation of neurodegeneration 
markers (including NfL) and influence clinical pheno
typing.24,25 However, in the absence of systematic CSF 
or PET AD-biomarker stratification, p-tau217 was not 
considered a primary discriminator of MSA from PD.

Despite evidence that blood NfL differentiates PD 
from atypical parkinsonism, several barriers still limit 
routine clinical adoption. The rarity of MSA has con
strained many studies to small samples, few clinically 
early MSA cases, and limited validation across centres. 
In addition, assay and preanalytical heterogeneity has 
also hindered transferable cutoffs.17–20

Using a large multicentre cross-sectional dataset 
with a discovery-validation design and an early-stage 
subgroup, we aimed to evaluate the diagnostic perfor
mance of plasma NfL for PD-MSA differentiation and 
the incremental value of GFAP, t-tau, and p-tau217.

Methods
Study design and participants
This multicentre cross-sectional study enrolled partici
pants from 5 movement-disorder centres in China be
tween January 2018 and June 2024: Beijing Tiantan 
Hospital, Xuanwu Hospital, Dongfang Hospital, Xijing 
Hospital of Air Force Military Medical University, and 
China–Japan Union Hospital of Jilin University. The 
discovery dataset comprised enrolments from Beijing 
Tiantan and Xuanwu hospitals between January 2018 
and December 2021; the temporally separated valida
tion dataset comprised later enrolments from all five 
centres between January 2022 and June 2024. Centre- 
specific contributions and demographic and clinical 
summaries are reported in Supplementary Tables S1 
and S2.

Eligible patients met established Movement Disor
der Society criteria for clinically probable or clinically 
established PD or MSA and were diagnosed by at least 2 
movement-disorder specialists.2,3 The study reference 
standard was expert clinical diagnosis rather than 
neuropathological confirmation. A prespecified early- 
stage subgroup was defined as disease duration of two 
years or less from motor symptom onset. These par
ticipants underwent follow-up assessment one to two 
years after enrolment; those whose expert clinical 
diagnosis changed were excluded from the early-stage 

analysis to avoid evaluating a fixed baseline label that 
was subsequently judged incorrect. This strategy im
proves label stability but may reduce generalisability to 
patients with evolving or indeterminate diagnoses.

Exclusion criteria were other major neurological 
disorders (eg, stroke, dementia, or epilepsy), severe 
systemic disease, or clinician-documented renal 
impairment or major vascular/metabolic conditions 
judged at enrolment likely to materially affect circu
lating biomarker concentrations. Uniform eGFR or 
disease-severity thresholds were not available across 
centres; these eligibility exclusions therefore cannot be 
interpreted as laboratory-threshold-based adjustment. 
Healthy controls had no neurological signs or cognitive 
impairment and no self-reported family history of 
movement disorders. The study was approved by the 
institutional review board of Beijing Tiantan Hospital 
(KY2023-285-03) and was conducted in accordance with 
the approved protocol, the principles of the Declaration 
of Helsinki, and applicable institutional and national 
ethical guidelines. Written informed consent from all 
participants was obtained.

Clinical assessments
Motor severity was assessed using the MDS-Unified 
Parkinson’s Disease Rating Scale Part III (MDS- 
UPDRS III). For patients with MSA, disease-specific 
impairment and functional disability were evaluated us
ing the MDS-UPDRS III and Unified MSA Rating Scale 
(UMSARS). Cognitive function was assessed using the 
Mini-Mental State Examination (MMSE) and the Mon
treal Cognitive Assessment (MoCA). Demographic in
formation and disease duration were collected through 
structured interviews and a review of medical records. 
Sex was self-reported by study participants. MSA subtype 
and orthostatic hypotension were analysed when explic
itly recorded. Harmonised variables for urinary 
dysfunction, erectile dysfunction, MRI supportive find
ings, cardiac MIBG imaging, formal autonomic testing, 
PD-MCI, Parkinson’s disease dementia, and CSF/PET 
AD biomarkers were not available across centres.

Plasma collection and biomarker measurement
Venous plasma was collected in EDTA tubes, processed 
within 4 h, and stored at −80 ◦C. Plasma NfL, GFAP, t- 
tau, and p-tau217 were measured on the LiCA 800 plat
form (Chemclin, Beijing, China) using light-initiated 
chemiluminescence assays (LiCA®). All four bio
markers were measured using corresponding reagent 
kits (Lot No.: 202408). Laboratory operators were blinded 
to clinical diagnosis. Assay analytical performance was 
validated according to CLSI guidance; detailed analytical 
metrics are provided in Supplementary Table S3.

Statistical analysis
Continuous variables were inspected for distributional 
form and are summarised as median (IQR) because the 
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principal biomarker and clinical variables were non- 
normally distributed; categorical variables are re
ported as counts and percentages. Biomarker concen
trations were natural log-transformed for modelling. 
Analyses used available-case data for descriptive sum
maries and complete cases for each model; biomarker 
missingness and non-positive values are reported in 
Supplementary Table S4. Group differences were 
assessed using linear models adjusted for age and sex, 
with Holm correction for pairwise comparisons within 
each biomarker.

Diagnostic performance was evaluated using ROC 
analysis, AUCs, sensitivity, and specificity. The pri
mary NfL cutoff was derived in the discovery dataset 
using the Youden index and was applied unchanged 
to the temporally separated validation dataset and 
fixed-cutoff sensitivity analyses. Confidence intervals 
for AUC, sensitivity, and specificity were estimated 
using 2000 bootstrap resamples. An integrated logis
tic model included log NfL, log GFAP, log t-tau, log p- 
tau217, age, and sex. AUC comparisons used DeLong 
tests with Holm correction. Positive and negative 
predictive values were calculated at assumed MSA 
prevalences of 10%, 20%, and 30%. Decision curve 
analysis (DCA) was prevalence-recalibrated and 
treated as exploratory because the dataset was case- 
enriched.

To assess disease-duration confounding, we fitted a 
complete-case multivariable linear model with log NfL 
as the dependent variable and diagnosis, age, sex, dis
ease duration, and recruitment centre as predictors. We 
also performed 1:1 nearest-neighbour matching of 
MSA to PD on disease duration without replacement 
using a 0.5-year calliper; the discovery-derived cutoff 
was applied unchanged. Additional analyses evaluated 
MSA-P and MSA-C, centre-stratified performance, 
cognitive strata defined by MoCA <26, orthostatic- 
hypotension summaries, and exploratory PSP/CBS 
comparators.

Spearman correlations were retained as descriptive 
exploratory analyses and were corrected using the 
Benjamini-Hochberg false-discovery rate (FDR). Inter- 
biomarker and biomarker-clinical associations were 
also examined in separate multivariable linear regres
sion models within PD and MSA. Continuous out
comes and biomarker predictors were standardised, 
models adjusted for age, sex, and disease duration, and 
HC3 heteroskedasticity-robust 95% CIs were used. FDR 
correction was applied separately to the inter-biomarker 
and biomarker-clinical model families. Complete 
adjusted results are provided in the Supplementary 
Materials. Further analytical details are provided in 
the Supplementary Methods.

Role of funders
The Funders had no role in study design, data collec
tion, data analyses, interpretation, or writing of report.

Results
Participants
We enrolled 2408 participants: 782 (32.5%) with PD, 
796 (33.1%) with MSA, and 830 (34.5%) healthy con
trols (HCs). The discovery dataset included 1685 par
ticipants (PD = 548 [32.5%], MSA = 556 [33.0%], 
HC = 581 [34.5%]) and the validation dataset included 
723 participants (PD = 234 [32.4%], MSA = 240 [33.2%], 
HC = 249 [34.4%]). Participant characteristics are 
summarised in Table 1. Centre contributions are re
ported in Supplementary Table S1; centre-level age, sex, 
disease duration, MoCA, and NfL summaries are re
ported in Supplementary Table S2.

The early-stage subgroup included 484 patients with 
disease duration of two years or less (PD, 120 [24.8%]; 
MSA, 364 [75.2%]) after exclusion of participants whose 
expert diagnosis changed during one to two years of 
follow-up. Available exploratory comparators comprised 
50 PSP and 10 CBS participants and were analysed only 
in the Supplementary Materials. Explicit MSA subtype 
was available for 672 participants (351 MSA-P and 321 
MSA-C); 124 MSA participants without an explicit P/C 
label were retained in overall analyses but excluded 
from subtype analyses.

MoCA was available for 1540 of 1578 participants with 
PD or MSA. Using MoCA <26, 1192 (77.4%) were clas
sified as cognitively impaired and 348 (22.6%) as cogni
tively unimpaired; PD-MCI and Parkinson’s disease 
dementia were not documented as harmonised diagnostic 
categories. Orthostatic-hypotension status was available 
for 772 of 796 MSA participants and 775 of 782 PD par
ticipants; orthostatic hypotension was recorded in 505/772 
(65.4%) MSA and 218/775 (28.1%) PD participants.

Discovery analysis
In the discovery dataset, with adjustment for age and 
sex, plasma NfL, GFAP, t-tau, and p-tau217 were 
significantly higher in MSA than in PD. The adjusted 
beta for NfL was 0.862, compared with 0.112 for GFAP, 
0.061 for t-tau, and 0.067 for p-tau217 (Supplementary 
Table S5; Fig. 1A–D). NfL was the best single discrim
inator of MSA from PD (AUC, 0.920; 95% CI 0.903– 
0.936), with an optimal cutoff of 41.3 pg/mL yielding 
sensitivity of 90.5% (95% CI 88.1–92.8) and specificity 
of 83.4% (80.3–86.4). GFAP, t-tau, and p-tau217 had 
AUCs of 0.576, 0.565, and 0.562, respectively. The in
tegrated model AUC was 0.931; its improvement over 
NfL alone was small (DeLong Holm-adjusted P < 0.001; 
Supplementary Tables S6 and S7; Fig. 1E and F).

Validation analysis
Findings were similar in the temporally separated 
validation cohort. After adjustment for age and sex, 
MSA showed higher plasma NfL, GFAP, and t-tau 
levels than PD and HCs, whereas p-tau217 did not 
differ significantly between MSA and PD (Fig. 2A–D). 
NfL AUC for MSA versus PD was 0.924 (95% CI 
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0.898–0.948). Applying the discovery-derived cutoff of 
41.3 pg/mL yielded sensitivity of 86.7% (82.3–90.9), and 
specificity of 85.5% (80.9–89.6) for MSA vs PD (Fig. 2E). 
The integrated model AUC was 0.930 and did not differ 
significantly from NfL alone on the same complete-case 
sample (Holm-adjusted P = 0.0849; Supplementary 
Tables S6 and S7; Fig. 2E). For MSA versus HCs, NfL 
and the integrated model yielded AUCs of 0.977 (95% 
CI 0.964–0.989) and 0.984 (95% CI 0.972–0.994), 
respectively (Fig. 2F).

Because the referral-enriched study prevalence was 
not considered representative of routine neurology 
practice, predictive values were calculated at assumed 
MSA prevalence of 10%, 20%, and 30%. In the valida
tion dataset, PPV was 39.9%, 59.9%, and 71.9%, 
respectively, and NPV was 98.3%, 96.2%, and 93.7% 
(Supplementary Table S8). Prevalence-recalibrated 
DCA further suggested higher net benefit for NfL 
than default strategies across portions of the clinically 
relevant threshold range, while the NfL and integrated- 
model curves largely overlapped; these exploratory re
sults are shown in Supplementary Figure S1.

Early-stage disease (≤2 years)
In the early-stage subgroup, MSA exhibited higher 
plasma NfL than PD (Holm-adjusted P < 0.001), though 

GFAP (P = 0.192), t-tau (P = 0.192), and p-tau217 
(P = 0.574) did not differ after Holm correction 
(Fig. 3A–D). NfL AUC was 0.943 (95% CI 0.915–0.966). 
The early-stage Youden threshold was 41.34 pg/mL, 
nearly identical to the discovery-derived cutoff; using 
the fixed 41.3 pg/mL cutoff yielded sensitivity of 90.4% 
and specificity of 88.3% (Supplementary Table S9; 
Fig. 3E).

The early-stage subgroup was enriched for MSA 
because all participating centres are tertiary referral 
centres for atypical parkinsonism and suspected MSA 
frequently prompts early referral. Excluding patients 
whose diagnosis changed during follow-up also selected 
a diagnostically more stable subset. Early-stage perfor
mance estimates are therefore interpreted in light of 
this referral and selection pattern.

Robustness and phenotypic analyses
Before disease-duration matching, median disease 
duration was 2.05 years (IQR 1.50–3.58) in MSA and 
6.00 years (3.00–8.00) in PD. In the complete-case 
multivariable model, disease duration was indepen
dently associated with log NfL (beta = 0.008 per year, 
95% CI 0.002–0.014; P = 0.0129). After adjustment for 
age, sex, disease duration, and centre, MSA remained 
strongly associated with higher log NfL than PD 

Characteristic MSA PD Healthy controls P value

Discovery dataset n = 556 n = 548 n = 581
Age, median (IQR), years 61.00 (54.25–66.00) 62.00 (56.00–66.00) 60.00 (56.00–66.00) 0.445
Sexa, Female, n (%) 268 (48.4%)b 257 (46.9%) 285 (49.1%) 0.761
Disease duration, median (IQR), years 2.06 (1.50–3.13) 6.00 (3.00–8.00) NA <0.001
MMSE, median (IQR) 27.00 (24.00–28.00) 27.00 (24.00–29.00) 29.00 (28.00–29.00) <0.001
MoCA, median (IQR) 22.00 (18.00–24.00) 22.00 (19.00–25.00) NA 0.012
MDS-UPDRS III, median (IQR) 38.00 (26.00–51.00) 38.00 (26.00–48.00) NA 0.828
UMSARS, median (IQR) 37.00 (28.00–48.00) NA NA NA

Temporally separated validation dataset n = 240 n = 234 n = 249
Age, median (IQR), years 60.00 (55.00–66.00) 62.00 (55.00–66.00) 59.00 (56.00–65.00) 0.442
Sexa, Female, n (%) 115 (47.9%) 102 (43.6%) 118 (47.4%) 0.588
Disease duration, median (IQR), years 2.00 (1.50–4.00) 6.00 (3.00–8.00) NA <0.001
MMSE, median (IQR) 26.00 (23.00–29.00) 27.00 (25.00–29.00) 29.00 (27.00–29.00) <0.001
MoCA, median (IQR) 22.00 (19.00–26.00) 23.00 (19.00–26.00) NA 0.508
MDS-UPDRS III, median (IQR) 35.00 (24.00–49.00) 39.00 (27.00–48.00) NA 0.184
UMSARS, median (IQR) 40.00 (29.00–49.00) NA NA NA

Early-stage analysis (disease duration ≤2 years) n = 364 n = 120 NA
Age, median (IQR), years 59.50 (54.00–65.00) 61.00 (54.00–67.00) NA 0.578
Sexa, Female, n (%) 165 (45.3%) 64 (53.3%) NA 0.156
Disease duration, median (IQR), years 1.42 (1.00–2.00) 2.00 (1.00–2.00) NA 0.016
MMSE, median (IQR) 27.00 (24.00–29.00) 28.00 (26.00–29.00) NA 0.003
MoCA, median (IQR) 22.00 (18.00–25.00) 23.00 (20.00–26.00) NA 0.049
MDS-UPDRS III, median (IQR) 31.00 (22.00–44.00) 27.00 (21.00–36.00) NA 0.023
UMSARS, median (IQR) 33.00 (26.00–41.50) NA NA NA

Values are based on non-missing observations. Continuous variables are median (IQR); categorical variables are n (% of available observations). P values use Kruskal–Wallis 
tests for continuous variables and chi-squared tests for categorical variables. MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; MDS-UPDRS 
III, Movement Disorder Society-Unified Parkinson’s Disease Rating Scale Part III; UMSARS, Unified Multiple System Atrophy Rating Scale; NA, not applicable. aSex was self- 
reported by study participants. bSex was missing for two discovery-dataset MSA participants.

Table 1: Demographic and clinical characteristics of participants in the discovery, validation, and early-stage analyses.
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(adjusted beta = 0.891, 95% CI 0.843–0.939; P < 0.001; 
n = 1531; Supplementary Table S10).

The 1:1 disease-duration-matched analysis included 
396 MSA and 396 PD participants. Median disease 
duration was 3.00 years in both groups (IQR 1.74–5.00 
for MSA and 2.00–5.00 for PD). In the matched sample, 
plasma NfL AUC was 0.925 (95% CI 0.905–0.944). At 
the unchanged discovery-derived cutoff, sensitivity was 
89.6% (86.7–92.6) and specificity was 85.4% (82.0–89.0; 
Supplementary Table S11 and Fig. 3F).

NfL discriminated both MSA-P and MSA-C from 
PD. For MSA-P versus PD, AUC was 0.926 and the 
fixed cutoff yielded sensitivity of 91.5% and specificity 
of 84.0%; for MSA-C versus PD, AUC was 0.915, 
sensitivity was 87.9%, and specificity was 84.0%. In an 
age-, sex-, and disease-duration-adjusted model, log NfL 
did not differ between MSA-C and MSA-P 
(beta = −0.038, 95% CI −0.107 to 0.031; P = 0.275; 
n = 635; Supplementary Table S12 and Supplementary 
Figure S2).

Centre-stratified NfL AUCs using the same fixed 
cutoff ranged from 0.806 to 0.959. Estimates were 
broadly consistent in the four centres with at least 63 

PD/MSA participants, whereas the Jilin estimate 
(n = 12; AUC 0.806, 95% CI 0.438–1.000) was imprecise 
due to limited patient number. In the multivariable NfL 
model, individual centre terms were not statistically 
significant after adjustment for diagnosis, age, sex, and 
disease duration (Supplementary Tables S10 and S13).

Cognitive-stratified performance remained strong 
among participants classified as cognitively impaired 
(AUC 0.910) and cognitively unimpaired (AUC 0.960; 
Supplementary Table S14). Orthostatic-hypotension 
availability, prevalence, and descriptive NfL distribu
tions are reported in Supplementary Table S15. In 
exploratory comparisons, plasma NfL was higher in 
MSA, PSP, and CBS than in PD after adjustment for 
age and sex (all Holm-adjusted P < 0.001; 
Supplementary Table S16 and Supplementary 
Figure S3); PSP and CBS were not used to derive or 
validate the MSA cutoff.

Biomarker associations
Spearman analyses showed multiple statistically sig
nificant but generally weak biomarker-clinical correla
tions (Supplementary Table S17; Fig. 4A and B).

Fig. 1: Plasma biomarkers in the discovery dataset and diagnostic performance. Plasma NfL (A), GFAP (B), t-tau (C), and p-tau217 (D) in MSA, 
PD, and healthy controls. ROC curves for MSA versus PD (E) and MSA versus healthy controls (F) compare the four biomarkers and an 
integrated model comprising log-transformed biomarkers, age, and sex. AUCs and bootstrap 95% CIs are shown; sensitivity and specificity 
in E use the discovery-derived NfL cutoff of 41.3 pg/mL. Asterisks denote age- and sex-adjusted pairwise comparisons after Holm correction: 
*, P < 0.05; **, P < 0.01; ***, P < 0.001; NS, not significant.
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In PD, NfL concentrations were weakly associated 
with MMSE (Fig. 4C; rho = −0.261; exact 
P = 1.56 × 10−13) and MoCA (rho = −0.269; exact 
P = 3.08 × 10−14). In MSA, higher GFAP correlated with 
greater motor and functional impairment on MDS- 
UPDRS III and UMSARS (Fig. 4D; MDS-UPDRS III: 
rho = 0.153; exact P = 6 × 10−5; UMSARS: rho = 0.294; 
exact P = 2.78 × 10−8). However, these effect sizes do 
not support strong severity-marker claims.

In age-, sex-, and disease-duration-adjusted models, 
associations remained small. In PD, NfL was associated 
with lower MMSE (standardised beta = −0.182, 95% 
CI −0.265 to −0.099; P = 1.73 × 10−5; q = 9.68 × 10−5) and 
MoCA (beta = −0.185, −0.264 to −0.107; P = 3.97 × 10−6; 
q = 2.78 × 10−5). In MSA, NfL was associated with MDS- 
UPDRS III (beta = 0.171, 0.105–0.237; P = 3.69 × 10−7; 
q = 1.03 × 10−5), and GFAP was associated with 
UMSARS (beta = 0.235, 0.135–0.334; P = 3.9 × 10−6; 
q = 2.78 × 10−5). Adjusted inter-biomarker beta esti
mates ranged from 0.127 to 0.610. Complete adjusted 
results are reported in Supplementary Table S17.

Discussion
In this large multicentre study of 2408 participants, 
plasma NfL showed robust, reproducible performance 
for differentiating clinically diagnosed MSA from PD in 
discovery and temporally separated validation datasets. 
The finding remained robust in disease-duration 
adjustment and matching, centre stratification, cogni
tive stratification, and MSA-P/MSA-C analyses. GFAP, 
t-tau, and p-tau217 added little additional discrimina
tion beyond NfL alone.

The NfL finding is consistent with multicentre 
studies and meta-analyses showing higher plasma NfL 
in atypical parkinsonian disorders than in PD.14–20 NfL 
reflects neuroaxonal injury rather than a disease- 
specific proteinopathy.26 The widespread striatonigral, 
olivopontocerebellar, and autonomic degeneration of 
MSA provides a biological rationale for greater NfL 
release than the more topographically restricted neu
rodegeneration typical of early PD.1 However, elevated 
NfL in PSP, CBS, and other disorders limits disease 
specificity.14,17,19

Fig. 2: Plasma biomarkers and diagnostic performance in the temporally separated validation dataset. Plasma NfL (A), GFAP (B), t-tau (C), and 
p-tau217 (D) in MSA, PD, and healthy controls. ROC curves for MSA versus PD (E) and MSA versus healthy controls (F) compare the 
four biomarkers and the integrated model. AUCs and bootstrap 95% CIs are shown; sensitivity and specificity in E use the unchanged 
discovery-derived NfL cutoff of 41.3 pg/mL. Asterisks denote age- and sex-adjusted pairwise comparisons after Holm correction: *, P < 0.05; 
**, P < 0.01; ***, P < 0.001; NS, not significant.
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Although GFAP, t-tau, and p-tau217 were elevated in 
MSA, they offered limited value for PD-MSA discrimi
nation. Plasma NfL can be modestly elevated in AD as a 
marker of neurodegeneration,23 whereas p-tau217 more 
directly reflects Alzheimer-type amyloid/tau pathol
ogy.24,25 Without systematic CSF or PET AD biomarkers, 
p-tau217 can only be interpreted as an exploratory 
contextual marker in this study.

Within specialist referral settings, plasma NfL may 
have an adjunctive triage-support role when the 
distinction between PD and MSA remains uncertain. 
Its clinical utility depends on the pre-test probability 
and clinical spectrum of the population being tested. 
Accordingly, we acknowledge that the 41.3 pg/mL 
threshold should not be used as a standalone rule-in or 
rule-out test, and its performance in unselected routine- 
neurology populations remains to be established.

The disease-duration-adjusted and duration- 
matched analyses addressed an important potential 
confounder. The persistence of the MSA-PD NfL dif
ference after multivariable adjustment, together with 
strong discrimination in the matched sample, indicates 

that the primary finding was not explained solely by 
measured disease duration. However, disease duration 
is an imperfect proxy for neurodegeneration severity 
and progression tempo, and residual confounding re
mains possible in this cross-sectional referral-centre 
dataset.

Correlation analyses suggested potentially distinct 
associations in PD and MSA. In PD, higher NfL 
correlated with worse cognitive scores (MMSE/MoCA), 
suggesting that, though warranting further investiga
tion, elevated NfL may have a role in tracking the evo
lution of non-motor symptoms in this population. In 
contrast, these correlations with cognitive scores were 
substantially weaker in patients with MSA, potentially 
because plasma NfL levels are already significantly 
elevated at an early stage of the disease, which may 
obscure a more direct relationship with cognitive status.

Another observation was that GFAP correlated with 
greater motor and functional impairment (MDS- 
UPDRS III and UMSARS) in MSA, but not in PD, 
suggesting that while GFAP is not a suitable differential 
diagnostic marker, it may have value as a tool for 

Fig. 3: Early-stage and disease-duration-matched analyses of MSA versus PD. Plasma NfL (A), GFAP (B), t-tau (C), and p-tau217 (D) in the 
early-stage subgroup, defined by disease duration of 2 years or less. (E) ROC curves for the four biomarkers and the integrated model in the 
early-stage subgroup. (F) NfL ROC curve in the disease-duration-matched sample of 396 MSA and 396 PD participants. AUCs and bootstrap 
95% CIs are shown; sensitivity and specificity use the fixed discovery-derived NfL cutoff of 41.3 pg/mL. ***, Holm-adjusted P < 0.001; NS, not 
significant.
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monitoring disease severity or progression specifically 
in MSA. These differential correlations suggest that NfL 
and GFAP not only distinguish the two disorders but 
also potentially reflect independent aspects of disease 
severity and progression within each unique synu
cleinopathy. However, the association analyses identi
fied statistically significant but limited effects, and NfL 
and GFAP should therefore not be described as estab
lished progression or pharmacodynamic biomarkers on 
the basis of these data.

Notably, recent evidence showed that LiCA and 
Simoa present good cross-platform comparability in 

measuring plasma biomarkers including NfL.27 

Accordingly, the cutoff value of 41.3 pg/mL may serve 
as a useful reference for cross-platform translation, 
although its applicability across different laboratories, 
assay conditions, and populations still requires further 
validation.

Several limitations should be acknowledged. First, 
diagnoses were based on established clinical criteria 
rather than post-mortem neuropathological confirma
tion, which remains the gold standard. Although follow- 
up assessment was used to improve diagnostic certainty 
in the early-stage subgroup, diagnostic instability and 

Fig. 4: Exploratory associations between plasma biomarkers and clinical measures. Spearman correlation heatmaps in MSA (A) and PD (B); 
cells show Spearman ρ, with significance based on Benjamini–Hochberg FDR-adjusted q values. (C) Associations of NfL with MMSE and MoCA 
in MSA and PD. (D) Associations of GFAP with motor and functional measures in MSA, and of GFAP or NfL with MDS-UPDRS III in PD. Lines 
show linear fits with 95% CIs; annotations report Spearman ρ and FDR-adjusted q values. *, q < 0.05; **, q < 0.01; ***, q < 0.001.
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residual misclassification cannot be excluded, particu
larly early in the disease course. Given the known rate 
of diagnostic revision in parkinsonian disorders, some 
degree of misclassification is unavoidable.

Second, the cross-sectional design precludes con
clusions regarding the longitudinal prognostic utility of 
these biomarkers. In addition, the temporally separated 
validation dataset was not an external validation dataset 
because it originated from the same national referral 
infrastructure and assay environment. Available PSP 
and CBS samples were small exploratory comparators, 
and systematically collected ataxia comparators were 
unavailable. Accordingly, the specificity of plasma NfL 
for MSA relative to other atypical syndromes remains 
incompletely defined.

Third, recruitment exclusively from tertiary 
movement-disorder referral centres introduces spec
trum bias. The study population may overrepresent 
clinically well-characterised MSA and PD while under
representing patients with subtle, overlapping, or still- 
uncertain phenotypes encountered in routine 
neurology practice. The present performance estimates 
should therefore be interpreted as referral-centre esti
mates, and prospective validation in consecutively 
recruited routine-practice populations is required.

Fourth, low MoCA values in both MSA and PD 
probably reflect referral-centre case mix and cognitive 
heterogeneity. MoCA stratification showed that NfL 
discrimination persisted in impaired and unimpaired 
strata, but harmonised PD-MCI, Parkinson’s disease 
dementia, and education-adjusted cognitive diagnoses 
were unavailable.

Fifth, orthostatic hypotension was the only auto
nomic feature available in harmonised form; urinary 
and erectile dysfunction, MRI, cardiac MIBG, and 
formal autonomic testing could not be analysed. 
Furthermore, although clinician-documented renal 
impairment and major vascular/metabolic comorbid
ities expected to affect circulating biomarkers were 
excluded at enrolment, uniform eGFR and disease- 
severity thresholds were not available and these 
factors could not be adjusted quantitatively. Residual 
effects of subclinical renal dysfunction or vascular/ 
metabolic disease therefore cannot be excluded, 
limiting generalisability of the cutoff.26,28–30 Therefore, 
the proposed 41.3 pg/mL cutoff should be interpreted 
as an implementation-oriented reference rather than a 
universally transferable threshold and may require 
physiological recalibration before broader clinical 
adoption.31 Finally, systematic CSF or PET AD bio
markers were unavailable, limiting interpretation of 
p-tau217 and possible AD co-pathology.

Future work should prospectively enrol consecutive 
patients with diagnostically ambiguous parkinsonism 
in routine neurology settings; include pathology- 
confirmed or deeply phenotyped longitudinal follow- 

up; broaden comparators to PSP, CBS, dementia with 
Lewy bodies, vascular parkinsonism, and degenerative 
or immune-mediated ataxias; evaluate renal, vascular, 
and metabolic covariates using harmonised thresholds; 
and test assay calibration across platforms and labora
tories. Longitudinal studies are also required to deter
mine whether within-person NfL change has value for 
prognosis, progression monitoring, or pharmacody
namic assessment.

In conclusion, this study provides evidence sug
gesting plasma NfL as an accurate and accessible 
biomarker for the differential diagnosis of MSA and 
PD, even in the earliest clinical stages. Clinically, a 
plasma NfL measurement above the threshold of 
41.3 pg/mL in a patient presenting with parkinsonism 
should prompt intensified evaluation for MSA, 
including focused autonomic assessment and charac
teristic neuroimaging, whereas a value below this 
threshold supports PD as the more likely diagnosis in 
the appropriate clinical context. In research settings, 
plasma NfL could be evaluated as an enrichment 
biomarker for trials enrolling participants with clini
cally diagnosed MSA; longitudinal studies are required 
before it can be used for progression monitoring or 
pharmacodynamic assessment.
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