
● Statistical modeling choices have a profound impact on reported biomarkers: the 
number of Bonferroni significant meta-analyzed markers decreased from 2,251 
(Imam 2025) to 28

● Stratified analysis within cohorts with abundant control samples substantially 
reduces variation in test association results and produces better behaved statistical 
distributions

● Our learnings in PD apply to other conditions in the GNPC including Alzheimer’s 
disease, which also exhibited substantial change in estimated effect sizes after 
incorporating standardization and PC covariates (proteins below Li and Ji 05 cutoff 
decreased from 112 to 58)

Figure 8: Agreement with 
Imam 2025 contributor C AD 
effect sizes. GAM trend shown

Figure 7: The effect sizes of the 20 
markers most significantly associated with 
PD by meta-analysis across contributors

Figure 6: Meta-analysis agreement 
with Imam 2025 weighted average, 
GAM trend shown

Figure 5: Performance of Imam 2025 and our model framework as 
shown by the rate of the sign change across studies among reported 
hits (left) and rate of nonzero importance in UKB (Garg 2024, right)

Figure 4: Mean chi-squared statistic for PD vs control associations 
for the Imam 2025 model and a logistic regression on protein 
z-scores plus 5 principal component scores as covariates

● Proteomic inflation factors (left) |  The median proteomic inflation factor fell from 
1.47 to 1.13, with the greatest gains in the most severely affected cohorts

● Biomarker consistency (right) | Inconsistency in sign of proteins detected as hits in 
multiple cohorts dropped from 38% to 1%, and overlap of the top 100 meta-analysis 
hits with a published UK Biobank analysis increased from 5 to 16.

Figure 1: Flow chart for ascertaining GNPC participants with PD 
and computing protein z-scores and PC scores from control 
samples from the same contributor
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● Extreme and variable p-value inflation  |  Proteomic inflation factors ranged from 
1.01 to 26.1 in PD, and up to 34.5 in AD.

● Diverse age and sex trends  |  Blood protein levels not uncommonly exhibited 
differential age trajectories for men and women

● Comorbidity of PD participants | 21% (200 of 946) PD plasma participants were 
diagnosed with another neurodegenerative condition

Introduction
Background: The Global Neurodegeneration Proteomics Consortium (GNPC) V1 
harmonized dataset harbors measurements for 7,289 unique proteins from multiple 
Somalogic assays across >35,000 biofluid samples from Alzheimer’s disease, 
frontotemporal dementia, Amyotrophic Lateral Sclerosis, and Parkinson’s disease (PD) 
patients, plus healthy controls (HCs). Initial associations have been published, but more 
sophisticated statistical analysis could refine  insight into biomarkers for PD.

Objectives
1. To assess reliability of biomarker associations reported from GNPC data
2. To improve sensitivity and specificity of biomarker discovery for neurodegeneration

Methods
We reanalyzed GNPC blood cohorts with >20 PD cases and >80 HCs. PD participants with 
coincident diseases were excluded. Protein markers below the limit of detection in 
>12.5% of samples or correlated with cell type composition were excluded. Protein 
abundances were log transformed and standardized relative to HCs accounting for sex, 
age, plate, and average protein abundance for each of two clusters: apparent 
platelet-derived and platelet-robust sets of markers. We performed logistic regressions on 
case status against protein z score, sex, years of education, and the first 5 principal 
component scores. Cohorts with hits were meta-analyzed via weighted Z-test. Results 
were compared to Imam 2025, and the ratio of the observed to expected median 
chi-squared test statistic (proteomic inflation factor) was calculated for all cohorts.

Interpretation

Conclusions
We confirm that SUMF1, ITGAV, TPPP2, and PI3 (Elafin) are top plasma protein 
biomarkers discriminating PD from healthy controls featuring consistent direction 
of effect across all GNPC cohorts. Plasma protein exhibit diverse trajectories with 
respect to age sex, and principal components. Controlling for these factors 
radically changes the yield and replicability of biomarker associations. We 
conclude that large, multi-center biofluid protein biomarker datasets require 
careful consideration of matched control samples to prevent population 
stratification or matrix effects from dominating discovery based on differential 
protein abundance.

Figure 2: Visualization of diverging age and sex trends for four 
proteins for contributor C in GNPC. Quantitation is in relative log2 
units (NPX). Observations are binned by age decile.

Select PD cases without AD, 
FTD, ALS, stroke, or TBI

Select controls without PD, AD, 
FTD, ALS, stroke, or TBI
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Findings

Figure 3: Biomarker quantile-quantile plots for Global Neurodegeneration Proteomics Consortium HDS v1.0 Somalogic panels.

OR = 3.6, P = 0.02OR = 0.02, P = 1e-17

GNPC blood  cohorts with at 
least 20 cases and 80 controls

Learn model for protein level 
from age, sex and total protein

Learn principal components of 
residual protein matrix

Cluster plasma proteins into platelet-derived and platelet-robust 
markers and remove quantitations 5 or more SDs from the median

Data used in the preparation of this article were obtained on September 8, 2025 from the Global Neurodegeneration Proteomics Consortium 
(GNPC) Harmonized Data Superset Version 1 (https://www.neuroproteome.org/v1-harmonized-data-set-hds). While the investigators within 
the Global Neurodegeneration Proteomics Consortium contributed data to the Global Neurodegeneration Proteomics Consortium, they did 
not necessarily participate in the analysis or writing of this report


