Supplementary material

Methods
Patient selection
From PPMI cohort, patients were selected if had available DaTscan© data in more than 2 visits. Of these, only patients with available baseline CSF-sphingolipid and serum NfL biomarkers were selected. Mass spectroscopy results of sphingolipids were measured at the laboratory in University of Iowa, and PPMI researchers have provided the exact delay times from collection to analysis dates. Based on the RUNDATE variable of the sphingolipids the difference between enrollment date resulting in a mean storage time of 2468.5 (SD= 239) days.

Results
A total of 240 patients had longitudinal DaTscan© data, adding up to a total of 788 scans from which Specific binding ratio (SBR) scores for ipsilateral putamen and ipsilateral caudate were analyzed along multiple visits. A total of 191 PD cases had baseline biomarkers and 44 patients were excluded due to missing CSF and/or serum biomarkers at baseline. Lastly, five patients were excluded due to diagnoses different from PD determined at follow up visits (3 multiple system atrophy, 1 Alzheimer’s disease, 1 corticobasal syndrome).

Supplementary figure. Diagram of patient, images and biomarkers selected for analyses.








Supplementary table 1. Full results of primary mixed-model analyses with longitudinal DaTscan or ipsilateral-putamen SBR values as outcomes.
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[bookmark: _GoBack]Supplementary table 2. Secondary mixed-model analyses with longitudinal MoCA scores or ipsilateral-caudate SBR values as alternative outcomes.
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Estimate 95% CI P-value Estimate 95% CI P-value
time (per year) 0.92 (0.89, 0.94) <0.001 0.92 (0.89, 0.94) <0.001



log(csf_glccer) (per 1-unit 
increase on log scale)



1.03 (0.95, 1.12) 0.5 1.04 (0.97, 1.13) 0.29



time*log(csf_glccer) 1 (0.98, 1.01) 0.59 1 (0.98, 1.01) 0.62



time (per year) 0.96 (0.88, 1.06) 0.45 0.96 (0.88, 1.06) 0.41



log(csf_sm) (per 1-unit increase 
on log scale)



0.98 (0.94, 1.03) 0.47 0.99 (0.95, 1.03) 0.63



time*log(csf_sm) 0.99 (0.98, 1.01) 0.25 0.99 0.98, 1.01) 0.27



time (per year) 0.94 (0.89, 0.99) 0.0125 0.94 (0.89, 0.99) 0.0121



log(nfl) (per 1-unit increase on 
log scale)



0.97 (0.88, 1.08) 0.59 1.07 (0.94, 1.21) 0.3



time*log(nfl) 0.99 (0.97, 1.01) 0.26 0.99 (0.97, 1.01) 0.26



time (per year) 0.93 (0.87, 0.99) 0.0305 0.93 (0.88, 0.99) 0.0319



log(ratio) (per 1x increase in ratio 
on log scale)



0.98 (0.93, 1.02) 0.28 0.98 (0.94, 1.02) 0.29



time*log(ratio) 1 (0.98, 1.01) 0.52 1 (0.98, 1.01) 0.5



time (per year) 1.2 (1.17, 1.23) <0.001 1.18 (1.15, 1.22) <0.001



log(csf_glccer) (per 1-unit 
increase on log scale)



1.03 (0.87, 1.21) 0.74 1 (0.85, 1.17) 0.96



time*log(csf_glccer) 0.99 (0.97, 1.01) 0.19 0.99 (0.97, 1.01) 0.19



time (per year) 1.14 (1.07, 1.21) <0.001 1.12 (1.05, 1.19) <0.001



log(csf_sm) (per 1-unit increase 
on log scale)



1.04 (0.94, 1.15) 0.45 1.03 (0.93, 1.38) 0.59



time*log(csf_sm) 1.01 (1.00, 1.02) 0.26 1.01 (1.00, 1.02) 0.27



time (per year) 1.13 (1.07, 1.19) <0.001 1.11 (1.05, 1.17) <0.001



log(nfl) (per 1-unit increase on 
log scale)



1.16 (0.94, 1.43) 0.18 0.99 (0.76, 1.29) 0.94



time*log(nfl) 1.02 (1.00, 1.04) 0.08 1.02 (1.00, 1.04) 0.08



time (per year) 1.13 (1.08, 1.19) <0.001 1.12 (1.06, 1.17) <0.001



log(ratio) (per 1x increase in ratio 
on log scale)



1.03 (0.93, 1.13) 0.58 1.03 (0.94, 1.13) 0.58



time*log(ratio) 1.01 (1.00, 1.02) 0.07 1.01 (1.00, 1.02) 0.07
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(log-transformed)
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time (per year) 0.99 (0.87, 1.13) 0.92 1 (0.88, 1.13) 0.95



log(csf_glccer) (per 1-unit 
increase on log scale)



0.99 (0.51, 1.94) 0.98 1.11 (0.59, 2.08) 0.75



time*log(csf_glccer) 0.99 (0.92, 1.06) 0.72 0.98 (0.91, 1.06) 0.68



time (per year) 1.04 (0.81, 1.34) 0.75 1.04 (0.81, 1.34) 0.74



log(csf_sm) (per 1-unit increase 
on log scale)



0.91 (0.63, 1.32) 0.63 0.97 (0.69, 1.37) 0.86



time*log(csf_sm) 0.99 (0.95, 1.03) 0.59 0.99 (0.95, 1.03) 0.58



time (per year) 1.04 (0.81, 1.32) 0.77 1.04 (0.82, 1.32) 0.75



log(nfl) (per 1-unit increase on 
log scale)



0.44 (0.20, 1.01) 0.06 1.62 (0.60, 4.38) 0.35



time*log(nfl) 0.98 (0.89, 1.08) 0.67 0.98 (0.89, 1.08) 0.64



time (per year) 1 (0.84, 1.19) 0.99 1 (0.84, 1.19) 0.99



log(ratio) (per 1x increase in ratio 
on log scale)



0.93 (0.66, 1.31) 0.67 0.95 (0.69, 1.31) 0.75



time*log(ratio) 0.99 (0.96, 1.03) 0.75 0.99 (0.96, 1.03) 0.75



time (per year) 0.93 (0.91, 0.95) <0.001 0.93 (0.91, 0.95) <0.001



log(csf_glccer) (per 1-unit 
increase on log scale)



1.01 (0.94, 1.08) 0.84 1.02 (0.95, 1.09) 0.55



time*log(csf_glccer) 1 (0.99, 1.02) 0.52 1 (0.99, 1.02) 0.51



time (per year) 0.96 (0.89, 1.03) 0.24 0.96 (0.89, 1.03) 0.22



log(csf_sm) (per 1-unit increase 
on log scale)



0.98 (0.94, 1.02) 0.31 0.98 (0.95, 1.02) 0.41



time*log(csf_sm) 1 (0.98, 1.01) 0.42 1 (0.99, 1.01) 0.45



time (per year) 0.96 (0.92, 0.99) 0.023 0.96 (0.92, 0.99) 0.0217



log(nfl) (per 1-unit increase on 
log scale)



0.94 (0.86, 1.02) 0.14 1.02 (0.91, 1.14) 0.76



time*log(nfl) 0.99 (0.97, 1.00) 0.14 0.99 (0.97, 1.00) 0.14



time (per year) 0.96 (0.92, 1.01) 0.10 0.96 (0.92, 1.01) 0.10



log(ratio) (per 1x increase in ratio 
on log scale)



0.98 (0.95, 1.02) 0.32 0.98 (0.95, 1.02) 0.33



time*log(ratio) 0.99 (0.98, 1.00) 0.2 0.99 (0.98, 1.00) 0.2
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