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	proportion/mean
	std

	Demographics
	

	male
	0.366972
	

	age [ years]
	64.61577
	6.86065

	Cohort criteria
	

	LRRK2
	0.348624
	

	GBA
	0.605505
	

	RBD PSG-proven
	0
	

	hyposmia
	0.201835
	

	prodromal markers
	

	RBDSQ>5
	0.444444
	

	constipation
	0.229358
	

	DepressionAnxiety
	0.366972
	

	ExcessiveDaytimeSleepiness
	0.238532
	

	UPDRS>6
	0.278351
	

	ErectileDysfunction
	0.137615
	

	UrinaryDysfunction
	0.174312
	

	OrthostaticHypotension
	0.155963
	

	DiabetesII
	0.04878
	

	cognitive impairment
	0.201835
	

	Biological/pathological markers

	SAA+
	0.12844
	

	DaT+
	0.06422
	




[bookmark: _Toc197000757]Supplementary Table 1: Significant differences in digital markers between groups
The mean value per residual mean digital marker corrected for age and sex is shown for the healthy controls, the diagnosed PD, and the prodromal GBA, LRRK2, SNCA, hyposmia, RBD, and DaTscan positive cases together with the sample size per group. We show the statistics of the two sided T-test as the t-statistic and p-value. The digital markers are here the mean over the whole observation time for each individual.
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	683
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	max_langevin_fixed_point__m_3__r_30
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	mean_abs_change

	689
	mean_change
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	mean_n_absolute_max__number_of_maxima_7

	691
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	694
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	696
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	697
	number_cwt_peaks__n_1

	698
	number_cwt_peaks__n_5
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	700
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	701
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	702
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	703
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	707
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	708
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	709
	partial_autocorrelation__lag_5

	710
	partial_autocorrelation__lag_6

	711
	partial_autocorrelation__lag_7

	712
	partial_autocorrelation__lag_8

	713
	partial_autocorrelation__lag_9

	714
	percentage_of_reoccurring_datapoints_to_all_datapoints

	715
	percentage_of_reoccurring_values_to_all_values

	716
	permutation_entropy__dimension_3__tau_1

	717
	permutation_entropy__dimension_4__tau_1

	718
	permutation_entropy__dimension_5__tau_1

	719
	permutation_entropy__dimension_6__tau_1

	720
	permutation_entropy__dimension_7__tau_1

	721
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	729
	query_similarity_count__query_None__threshold_0.0
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	736
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	ratio_beyond_r_sigma__r_3

	740
	ratio_beyond_r_sigma__r_5

	741
	ratio_beyond_r_sigma__r_6

	742
	ratio_beyond_r_sigma__r_7

	743
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	744
	root_mean_square

	745
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	746
	skewness
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	spkt_welch_density__coeff_2
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	spkt_welch_density__coeff_5
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	751
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	763
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	765
	symmetry_looking__r_0.55

	766
	symmetry_looking__r_0.6000000000000001

	767
	symmetry_looking__r_0.65

	768
	symmetry_looking__r_0.7000000000000001

	769
	symmetry_looking__r_0.75

	770
	symmetry_looking__r_0.8

	771
	symmetry_looking__r_0.8500000000000001

	772
	symmetry_looking__r_0.9

	773
	symmetry_looking__r_0.9500000000000001

	774
	time_reversal_asymmetry_statistic__lag_1

	775
	time_reversal_asymmetry_statistic__lag_2

	776
	time_reversal_asymmetry_statistic__lag_3

	777
	value_count__value_-1

	778
	value_count__value_0

	779
	value_count__value_1

	780
	variance
	

	781
	variance_larger_than_standard_deviation

	782
	variation_coefficient



[bookmark: _Toc197000758]Supplementary Table 2: Extracted digital timeseries features
The 783 feature extracted with tsfresh for each of the 14 digital measures are shown.
	 
	 
	n
	r
	CI95%
	p-val
	BF10
	power
	FDR corrected p-val

	DaTscan minimum\nputamen SBR
	CSF alpha-synuclein\nSAA Fmax mean
	109
	-0.36
	[-0.51, -0.18]
	1.21E-04
	175.917
	0.97
	2.41E-04

	
	MDS
	109
	-0.26
	[-0.43, -0.08]
	5.45E-03
	5.409
	0.80
	6.81E-03

	
	MDS restricted
	109
	-0.20
	[-0.37, -0.01]
	3.92E-02
	0.977
	0.54
	3.92E-02

	
	digital
	109
	-0.32
	[-0.48, -0.14]
	6.64E-04
	36.35
	0.93
	9.49E-04

	CSF alpha-synuclein\nSAA Fmax mean
	MDS
	109
	0.52
	[0.36, 0.64]
	0.00E+00
	1533000
	1.00
	0.00E+00

	
	MDS restricted
	109
	0.43
	[0.26, 0.57]
	4.00E-06
	4401.425
	1.00
	1.30E-05

	
	digital
	109
	0.20
	[0.01, 0.38]
	3.57E-02
	1.055
	0.56
	3.92E-02

	MDS
	MDS restricted
	109
	0.96
	[0.95, 0.97]
	0.00E+00
	2.36E+58
	1.00
	0.00E+00

	
	digital
	109
	0.36
	[0.18, 0.51]
	1.46E-04
	147.297
	0.97
	2.43E-04

	MDS restricted
	digital
	109
	0.37
	[0.2, 0.52]
	6.60E-05
	307.826
	0.98
	1.65E-04



[bookmark: _Toc197000759]Supplementary Table 3: Correlation of risk scores and biological measures
We investigated the correlation of the risk scores (digital and MDS) and the biological measures with Pearson correlation. The statistics for each pair are shown with the sample size (n), r coefficient, 95% Confidence Interval (CI), uncorrected p-value, Bayes Factor (BF) 10, and power. After 0.05-Bonferroni adjustment, a p-value < 0.005 is significant.

	marker
	T
	dof
	alternative
	p-val
	CI95%
	cohen-d
	BF10
	power
	N_cases
	N_controls
	FDR-corrected

	male
	2.24
	87.88
	two-sided
	2.77E-02
	[0.02 0.26]
	0.43
	1.898
	0.58
	40
	69
	9.70E-02

	rbd_test
	1.37
	18.78
	two-sided
	1.87E-01
	[-0.1   0.48]
	0.55
	0.714
	0.28
	12
	15
	2.45E-01

	HYPOSMIA
	2.81
	32.55
	two-sided
	8.32E-03
	[0.06 0.36]
	0.67
	6.886
	0.79
	22
	87
	3.88E-02

	constipation_
	0.06
	45.32
	two-sided
	9.54E-01
	[-0.13  0.14]
	0.01
	0.236
	0.05
	25
	84
	9.54E-01

	DepressionAnxiety_
	3.27
	92.71
	two-sided
	1.53E-03
	[0.08 0.31]
	0.62
	21.175
	0.87
	40
	69
	1.07E-02

	ExcessiveDaytimeSleepiness_
	0.54
	46.56
	two-sided
	5.90E-01
	[-0.1   0.17]
	0.11
	0.265
	0.08
	26
	83
	6.89E-01

	UPDRS>6
	5.63
	65.09
	two-sided
	4.16E-07
	[0.21 0.44]
	1.11
	63230
	1.00
	27
	70
	5.83E-06

	ErectileDysfunction_
	1.77
	36.82
	two-sided
	8.47E-02
	[-0.02  0.33]
	0.53
	1.064
	0.35
	15
	25
	1.56E-01

	UrinaryDysfunction_
	1.34
	28.38
	two-sided
	1.92E-01
	[-0.05  0.25]
	0.31
	0.546
	0.23
	19
	90
	2.45E-01

	OrthostaticHypotension_
	1.77
	23.08
	two-sided
	8.91E-02
	[-0.02  0.31]
	0.45
	0.989
	0.40
	17
	92
	1.56E-01

	1st_degree_family_history_
	-0.33
	77.06
	two-sided
	7.40E-01
	[-0.15  0.11]
	0.07
	0.235
	0.06
	56
	36
	7.97E-01

	cognitive_impairment
	1.90
	34.93
	two-sided
	6.54E-02
	[-0.01  0.28]
	0.43
	1.145
	0.43
	22
	87
	1.53E-01

	GBA
	-2.08
	99.69
	two-sided
	3.99E-02
	[-0.24 -0.01]
	0.39
	1.405
	0.51
	66
	43
	1.12E-01

	LRRK2
	1.38
	90.58
	two-sided
	1.72E-01
	[-0.04  0.2 ]
	0.26
	0.49
	0.25
	38
	71
	2.45E-01



[bookmark: _Toc197000760]Supplementary Table 4: Differences in digital score between risk factor and prodromal symptom carriers
The results of the two-sided T-tests are shown as the t-statistic, p-value, and number of individuals for each pair of risk factor/prodromal symptom and risk score.

	 
	 
	mean
	std
	N

	risk score
	group
	
	
	

	MDS
	LRRK2
	0.11
	0.24
	38

	
	GBA
	0.12
	0.26
	66

	
	RBD
	
	
	0

	
	hyposmia
	0.52
	0.43
	22

	
	DaT+
	0.60
	0.41
	7

	
	SAA+
	0.57
	0.44
	14

	MDS restricted
	LRRK2
	0.11
	0.25
	38

	
	GBA
	0.13
	0.28
	66

	
	RBD
	
	
	0

	
	hyposmia
	0.50
	0.41
	22

	
	DaT+
	0.35
	0.42
	7

	
	SAA+
	0.50
	0.43
	14

	digital
	LRRK2
	0.60
	0.28
	38

	
	GBA
	0.49
	0.34
	66

	
	RBD
	
	
	0

	
	hyposmia
	0.71
	0.31
	22

	
	DaT+
	0.60
	0.32
	7

	
	SAA+
	0.74
	0.31
	14



[bookmark: _Toc197000761]Supplementary Table 5: Mean risk score for each at-risk group
For each at-risk group (LRRK2, GBA, hyposmia, RBD, DaT+, SAA+) we show the mean and standard deviation of the MDS, restricted MDS, and digital risk score.


	Marker
	True outcome
	Statistic

	statistic
	SAA+
	TN
	FP
	FN
	TP
	precision
	recall
	fscore

	MDS
	
	92
	3
	8
	6
	0.67
	0.43
	0.52

	MDS restricted
	
	91
	4
	8
	6
	0.60
	0.43
	0.50

	Hyposmia
	
	83
	12
	4
	10
	0.45
	0.71
	0.56

	digital
	
	49
	46
	4
	10
	0.18
	0.71
	0.29

	digital+hyposmia
	
	45
	50
	2
	12
	0.19
	0.86
	0.32

	SAA
	
	95
	0
	0
	14
	1.00
	1.00
	1.00

	DaTscan
	
	92
	3
	10
	4
	0.57
	0.29
	0.38

	MDS
	Dat+
	96
	6
	4
	3
	0.33
	0.43
	0.38

	MDS restricted
	
	93
	9
	6
	1
	0.10
	0.14
	0.12

	Hyposmia
	
	84
	18
	3
	4
	0.18
	0.57
	0.28

	digital
	
	49
	53
	4
	3
	0.05
	0.43
	0.10

	digital+hyposmia
	
	44
	58
	3
	4
	0.06
	0.57
	0.12

	SAA
	
	92
	10
	3
	4
	0.29
	0.57
	0.38

	DaTscan
	
	###
	0
	0
	7
	1.00
	1.00
	1.00

	MDS
	SAA+ or Dat+
	89
	3
	11
	6
	0.67
	0.35
	0.46

	MDS restricted
	
	88
	4
	11
	6
	0.60
	0.35
	0.44

	Hyposmia
	
	80
	12
	7
	10
	0.45
	0.59
	0.51

	digital
	
	46
	46
	7
	10
	0.18
	0.59
	0.27

	digital+hyposmia
	
	42
	50
	5
	12
	0.19
	0.71
	0.30

	SAA
	
	92
	0
	3
	14
	1.00
	0.82
	0.90

	DaTscan
	
	92
	0
	10
	7
	1.00
	0.41
	0.58



[bookmark: _Toc197000762]Supplementary Table 6: Performance of the risk scores/markers in identifying DaTscan and alpha-synuclein positivity
The table displays the performance analysis of different risk scores or presence of prodromal markers for identifying SAA positivity, DaTscan positivity, or their combination. This is measured in true negatives (TN), false negatives (FN), true positives (TP), false positives (FP), as well as precision, recall, and F1 score.

	 
	prediction
	digital
	digital
	digital
	hyposmia
	hyposmia
	hyposmia
	MDS restricted
	MDS resctricted
	MDS restricted

	 
	TRUE outcome
	SAA
	DaT+
	SAA_DaT+
	SAA
	DaT+
	DaT+
	SAA
	DaT+
	SAA_DaT+

	Perfomance
	T
	-4.02
	-1.72
	-3.76
	-4.39
	-1.52
	-3.98
	-5.21
	-8.52
	-5.87

	
	dof
	9.67
	2.08
	10.01
	9.12
	3.36
	10.02
	11.03
	5.00
	9.24

	
	alternative
	two-sided
	two-sided
	two-sided
	two-sided
	two-sided
	two-sided
	two-sided
	two-sided
	two-sided

	
	p-val
	2.59E-03
	2.23E-01
	3.74E-03
	1.69E-03
	2.16E-01
	2.58E-03
	2.86E-04
	3.67E-04
	2.15E-04

	
	CI95%
	[-22.88  -6.52]
	[-50.03  20.69]
	[-22.05  -5.63]
	[-23.32  -7.48]
	[-32.66  10.66]
	[-22.34  -6.32]
	[-26.96 -10.96]
	[-1.98 13.31]
	[-26.38 -11.74]

	
	cohen-d
	1.49
	1.55
	1.56
	1.61
	1.00
	1.65
	2.81
	3.48
	3.10

	
	BF10
	18.114
	1.091
	17.723
	29.652
	0.964
	25.362
	96.385
	87.067
	495.997

	
	power
	0.64
	0.38
	0.84
	0.70
	0.19
	0.88
	1.00
	1.00
	1.00

	
	mean FN
	1.00
	3.00
	1.86
	0.50
	3.00
	1.57
	3.38
	5.67
	3.27

	
	mean TP
	15.70
	17.67
	15.70
	15.90
	14.00
	15.90
	22.33
	31.00
	22.33

	
	std FN
	1.41
	2.45
	2.27
	0.58
	3.00
	2.23
	6.80
	7.28
	5.85

	
	std TP
	11.33
	14.64
	11.33
	11.06
	14.02
	11.06
	6.68
	 
	6.68

	
	N FN
	4
	4
	7
	4
	3
	7
	8
	6
	11

	
	N TP
	10
	3
	10
	10
	4
	10
	6
	1
	6



[bookmark: _Toc197000763]Supplementary Table 7:  Differences in UPDRS III between individuals at biological and pathological risk identified and missed by digital risk score
We report the statistical results of the comparison between false negatives and true positives for UPDRS III scores with two-sided Welch t-tests. We report the t-statistic, degrees of freedom, p-value, 95% Confidence Interval, and cohen’s d. This is reported for the comparison between the digital risk, restricted prodromal risk, and hyposmia with SAA or DaTscan positivity as the true outcome.

[bookmark: _Toc197000764]
Supplemental Figures
[bookmark: _Toc197000765]Supplementary Figure 1: Mean digital markers are affected in people diagnosed with PD
[image: A screenshot of a graph

Description automatically generated]
The boxplots show the residual overall mean adjusted for age and sex with parameters learned from a linear regression on the healthy controls. The overall mean is computed over the whole observation time per subject for each group for each digital marker. The boxplots depict the group median and quartiles per group with the whiskers showing the Q3+1.5 interquartile range (IQR) and Q1-1.5 IQR (Parkinson’s disease cases: PD; healthy controls: HC; carriers of genetic risk alleles or prodromal symptoms without a diagnosis of PD: GBA, SNCA, LRRK2, olfactory loss, PSG-proven RBD, positive DaTscan, positive SAA, union of these: at-risk). The number in the yellow box indicates the number of individuals per group. Group differences were calculated with two-sided T-test between PD and HC to each of the prodromal groups. Asterisks show significant differences after 0.05 Bonferroni-correction.

[bookmark: _Toc197000766]Supplementary Figure 2: Performance of digital risk models in terms of area under receiver operator curve
[image: ]	Comment by Thapaliya, Gita (ELS-HBE): Please use lowercase font (a, b, c…) to denote individual panels in a composite figure.  
The performances for the digital risk score models are shown compared to A) baseline, B) other machine learning models, C) other feature sets, and D) other considered time frames. The area under receiver operator curves  are shown as the mean on the outer 5-folds of the nested cross-validation. The shaded area displays the 95% Confidence Interval (CI). For each classifier, the legend shows the mean area under receiver operator curve with the standard deviation.
[bookmark: _Toc197000767]Supplementary Figure 3: Significant predictors of digital risk model
[image: A screen shot of a graph

Description automatically generated]
The predictors consistently and significantly selected across folds are shown with their mean effect size across folds and the 95% Bonferroni-corrected Confidence Interval. Significance across folds was determined with a one-sample ttest of the coefficients across folds with 0.05 Bonferroni-corrected significance level.









[bookmark: _Toc197000768]Supplementary Figure 4: Digital risk score as a sensitive screening tool in a sequence of testing
	Comment by Thapaliya, Gita (ELS-HBE): Please use lowercase font (a, b, c…) to denote individual panels in a composite figure.  
[image: ]
The flowcharts displays a potential chaining of tests to identify people at risk of Parkinson’s disease. Here the tests are evaluated against presence of biological (DaTscan) or pathological (alpha-synuclein SAA) markers due to a lack of future phenoconversion information. 
	a) Starting with the restricted MDS prodromal risk as defined by Heinzel, Berg, Gasser, Chen, Yao, Postuma and Disease 2, 10 people are sent for further examination of hyposmia.
	b) Starting with the most sensitive and accessible test, the digital risk score, 56 of the 109 individuals are sent for further testing to evaluate hyposmia which increases the specificity.
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