
Supplementary materials and methods 

 

Details on the number of participants included in the different 

statistical analyses 

A participant with a PD diagnosis and a positive SAA at baseline tested negative at the second 

available CSF sample. This participant (outlier) was not included in all subsequent analyses. 

Comparison of baseline kinetic parameters among different subgroups: No participants were 

excluded and the final number of included participants was 196. 

Longitudinal variation of kinetic parameters: Participants with a single SAA-positive sample 

available were excluded. In detail, 3 participants were excluded from the asymptomatic LBD 

subgroup, 2 from the PD-CU subgroup, 1 from the CI-LBD subgroup, and 6 from the CI-AD 

subgroup. The final number of included participants was 184. 

Association between baseline/time-varying kinetic parameters and appearance of dementia: 

participants already showing dementia at baseline and participants with the latest follow-up visit 

corresponding with baseline visit were excluded. In detail, 1 participant was excluded from the 

asymptomatic LBD subgroup, 11 participants were excluded from the CI-LBD subgroup, and 5 

participants were excluded from the CI-AD subgroup. The final number of included participants was 

179. Participants of the PD-CU and PD-PDD converters subgroups were merged into a single 

“Parkinson’s disease (PD)” subgroup for the aims of this analysis. 

Association between Δparameter/Δtime and appearance of dementia: participants already showing 

dementia at the second sampling visit and participants with the latest follow-up visit corresponding 

with the second sampling visit were excluded. In detail, 11 participants were excluded from the 

asymptomatic LBD subgroup, 2 participants were excluded from the PD-CU subgroup, 5 participants 

were excluded from the PD-PDD converters subgroup, 24 participants were excluded from the CI-

LBD subgroup, and 12 participants were excluded from the CI-AD subgroup. The final number of 

included participants was 142. Participants of the PD-CU and PD-PDD converters subgroups were 

merged into a single “Parkinson’s disease (PD)” subgroup for the aims of this analysis. 

Association between kinetic parameters and clinical scales: all participants with at least an available 

score at the examined clinical scales were included.  No participants were excluded from the analyses 

involving the association of MMSE, ADAS delayed word recall and ADAS immediate word recall 

scores. Regarding the BSIT score, only participants in the asymptomatic LBD subgroup were 

considered: 17 participants were excluded. The final number of participants included in the BSIT 

score was 38. 



Supplementary Table 1 Details on clinical diagnoses at baseline and latest follow-up in the whole cohort and subgroups 

 

 n Clinical 
diagnosis at 
baseline 

Clinical 
diagnosis at 
latest follow-up 

visit 

Asymptomatic LBD (n=55) 35 CU CU 
2 CU DLB 

2 CU AD 
6 SCD SCD 
7 SCD AD 

3 SCD DLB 
PD-CU (n=60) 60 PD PD 
PD-PDD converters (n=34) 34 PD PDD 

CI-LBD (n=31) 10 MCI-LB DLB 
9 
4 

3 

PDD 
MCI-VAD 

PD-MCI 

PDD 
MCI-VAD 

PDD 
1 
1 
1 

1 

PD-MCI 
DLB 
MCI-NOS 

MCI-NOS 

PD-MCI 
DLB 
MCI-NOS 

DEM-NOS 
1 DEM-NOS DEM-NOS 

CI-AD (n=16) 10 MCI-AD AD 

1 MCI-AD MCI-AD 
4 AD AD 
1 VAD VAD 

 
Abbreviations: AD, Alzheimer’s disease; CU, cognitively unimpaired; DEM-NOS; dementia not otherwise specified; DLB, Dementia with Lewy Bodies; 
LBD, Lewy body disease; MCI-AD, mild cognitive impairment due to Alzheimer’s disease; MCI-LB; prodromal mild cognitive impairment stage of 

Dementia with Lewy Bodies; MCI-NOS, mild cognitive impairment not otherwise specified; MCI-VAD, mild cognitive impairment due to vascular 
disease; PD, Parkinson’s disease; PDD, Parkinson’s disease dementia; SCD, subjective cognitive decline; VAD, vascular dementia. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table 2 Association between kinetic parameters and age at baseline in the whole cohort 

 Rho coefficient  p value 

Nrep -0.09 0.21 

LAGmed1 0.13 0.06 

LAGmed2 0.10 0.17 

Imaxmed1 -0.05 0.46 

Imaxmed2 -0.05 0.48 

 

Abbreviations: Nrep, number of positive replicates. 

  



Supplementary Table 3 Association of baseline Nrep with baseline Imax and Lag in the whole cohort and subgroups 

 

 Lagmed1 Lagmed2 

 Rho coefficient  p value Rho coefficient  p value 

Whole cohort -0.25 <0.001 -0.45 <0.001 

Asymptomatic LBD -0.34 0.01 -0.61 <0.001 

PD-CU -0.07 0.60 -0.31 0.01 

PD-PDD converters -0.23 0.20 -0.38 0.03 

CI-LBD -0.24 0.18 -0.41 0.02 

CI-AD -0.39 0.13 -0.73 0.002 

 Imaxmed1 Imaxmed2 

 Rho coefficient  p value Rho coefficient  p value 

Whole cohort 0.003 0.96 0.04 0.59 

Asymptomatic LBD 0.10 0.45 0.10 0.47 

PD-CU -0.04 0.76 -0.04 0.78 

PD-PDD converters 0.03 0.85 0.11 0.52 

CI-LBD 0.08 0.65 0.11 0.56 

CI-AD -0.06 0.83 -0.07 0.80 

 

P values of statistically significant associations are shown in bold. Abbreviations: AD, Alzheimer’s disease; CI, cognitively impaired; CU, cognitively 
unimpaired; LBD, Lewy body disease; PD, Parkinson’s disease; PDD, Parkinson’s disease dementia. 

  



Supplementary Table 4 Qualitative evaluation of the change of Lag duration over time in the whole cohort and subgroups 

 

 N of participants showing a longer Lag duration at baseline than at last sampling 

 Lagmed1 Lagmed2 

Whole cohort 100/184 (54.3%) 99/184 (53.8%) 

Asymptomatic LBD 35/52 (67.3%) 36/52 (69.2%) 

PD-CU 20/58 (34.5%) 23/58 (39.6%) 

PD-PDD converters 21/34 (61.8%) 19/34 (55.9%) 

CI-LBD 14/30 (46.7%) 12/30 (40.0%) 

CI-AD 10/10 (100%) 9/10 (90%) 

 
Abbreviations: AD, Alzheimer’s disease; CI, cognitively impaired; CU, cognitively unimpaired; LBD, Lewy Body disease; PD, Parkinson’s disease; PDD, 

Parkinson’s disease dementia.   



Supplementary Table 5 Association of baseline and longitudinal kinetic parameters with the appearance of dementia after 

correcting for AD co-pathology in the whole cohort and subgroups 

 

 Baseline kinetic parameters, HR 

 Whole cohort 
(n=176) 

Asymptomatic 
LBD 

(n=54) 

PD 
(n=91) 

CI-LBD 
(n=20) 

CI-AD 
(n=11) 

Nrep 1.69  
(1.26 – 2.27)a 

1.70,  
(0.80 – 3.63) 

1.81,  
(1.15 – 2.85)b 

1.07,  
(0.57 – 2.01) 

0.94,  
(0.45 – 1.98) 

Lagmed1 0.92,  
(0.84 – 1.02) 

0.96,  
(0.78 – 1.17) 

0.93,  
(0.79 – 1.09) 

1.04,  
(0.80 – 1.35) 

0.92,  
(0.65 – 1.32) 

Lagmed2 0.91  

(0.82 – 0.99)c 

0.93,  

(0.75 – 1.16) 

0.91,  

(0.78 – 1.07) 

1.05,  

(0.80 – 1.39) 

0.95,  

(0.73 – 1.25) 
Imaxmed1 0.99,  

(0.99 – 1.00) 
0.99,  
(0.99 – 1.00) 

1.00,  
(0.99 – 1.00) 

0.99,  
(0.99 – 1.00) 

1.00,  
(0.99 – 1.00) 

Imaxmed2 0.99,  
(0.99 – 1.00) 

0.99,  
(0.99 – 1.00) 

1.00,  
(0.99 – 1.00) 

0.99,  
(0.99 – 1.00) 

1.00,  
(0.99 – 1.00) 

 

 Time-varying kinetic parameters, HR 

 Whole cohort 
(n=176) 

Asymptomatic 
LBD 

(n=54) 

PD 
(n=91) 

CI-LBD 
(n=20) 

CI-AD 
(n=11) 

Nrep 1.51  

(1.11 – 2.05)b 

1.44,  

(0.66 – 3.12) 

1.60,  

(0.97 – 2.65) 

1.12,  

(0.60 – 2.10) 

0.92,  

(0.46 – 1.89) 
Lagmed1 0.93,  

(0.85 – 1.02) 
1.07,  
(0.85 – 1.35) 

0.87,  
(0.76 – 1.00) 

0.99,  
(0.77 – 1.29) 

0.91,  
(0.63 – 1.31) 

Lagmed2 0.92,  
(0.84 – 1.01) 

0.93,  
(0.72 – 1.20) 

0.89,  
(0.78 – 1.02) 

1.00,  
(0.79 – 1.35) 

0.97,  
(0.74 – 1.27) 

Imaxmed1 0.99,  
(0.99 – 1.00) 

0.99,  
(0.99 – 1.00) 

1.00,  
(0.99 – 1.00) 

0.99,  
(0.99 – 1.00) 

1.00,  
(0.99 – 1.00) 

Imaxmed2 0.99,  
(0.99 – 1.00) 

0.99,  
(0.99 – 1.00) 

1.00,  
(0.99 – 1.00) 

0.99,  
(0.99 – 1.00) 

1.00,  
(0.99 – 1.00) 

 Whole cohort 

(n=139) 

Asymptomatic 

LBD 
(n=44) 

PD 

(n=84) 

CI-LBD 

(n=7) 

CI-AD 

(n=4) 

ΔNrep/Δtime 0.78,  

(0.34 – 1.77) 

0.97,  

(0.10 – 8.96) 

0.63,  

(0.21 – 1.82) 

0.99,  

(0.99 – 1.00) 

1.00,  

(0.008 – 121.62) 

ΔLagmed1/Δtime 0.96,  
(0.74 – 1.26) 

1.28,  
(0.62 – 2.65) 

0.81,  
(0.57 – 1.55) 

0.01,  
(0.0004 – 2867.52) 

1.00,  
(0.12 – 7.99) 

ΔLagmed2/Δtime 0.98,  
(0.74 – 1.31) 

0.80,  
(0.34 – 1.87) 

0.83,  
(0.56 – 1.22) 

1.28,  
(0.07 – 23.58) 

1.00,  
(0.001 – 11124) 

ΔImaxmed1/Δtime 1.00,  

(0.99 – 1.00) 

0.99,  

(0.99 – 1.00) 

1.00,  

(0.99 – 1.00) 

0.99,  

(0.99 – 1.00) 

1.00,  

(0.99 – 1.00) 

ΔImaxmed2/Δtime 0.99,  
(0.99 – 1.00) 

1.00,  
(0.99 – 1.00) 

1.00,  
(0.99 – 1.00) 

0.99,  
(0.99 – 1.00) 

1.00,  
(0.99 – 1.00) 

 
HR values are reported as the main value (95% confidence interval). HR values of statistically significant associations are reported in bold. Participants 
of the PD-CU and PD-PDD converters subgroups were merged into a single “PD” subgroup for the aims of these analyses. 
ap≤0.001 
bp≤0.01 
cp≤0.05 

Abbreviations: AD, Alzheimer's disease; CI, cognitively impaired; CU, cognitively unimpaired; HR, hazard ratio; LBD, Lewy body disease; Nrep, number 
of positive replicates; PD, Parkinson's disease; PDD, Parkinson’s disease dementia. 

 

 
  



Supplementary Table 6 Association of baseline and time-varying Imax with the appearance of dementia in the whole cohort and 

examined subgroups 

 

 Baseline kinetic parameters, HR 

 Whole cohort 
(n=179) 

Asymptomatic 
LBD 

(n=54) 

PD 
(n=94) 

CI-LBD 
(n=20) 

CI-AD 
(n=11) 

 
Imaxmed1 0.99,  

(0.99 – 1.00) 

0.99,  

(0.99 – 0.99)a 

0.99,  

(0.99 – 1.00) 

0.99,  

(0.99 – 1.00) 

1.00,  

(0.99 – 1.00) 
Imaxmed2 0.99,  

(0.99 – 1.00) 
0.99,  
(0.99 – 0.99)b 

0.99,  
(0.99 – 1.00) 

0.99,  
(0.99 – 1.00) 

1.00,  
(0.99 – 1.00) 

 Time-varying kinetic parameters, HR 

 Whole cohort 

(n=179) 

Asymptomatic 

LBD 
(n=54) 

PD 

(n=94) 

CI-LBD 

(n=20) 

CI-AD 

(n=11) 

Imaxmed1 0.99,  

(0.99 – 1.00) 

0.99,  

(0.99 – 1.00) 

1.00,  

(0.99 – 1.00) 

0.99,  

(0.99 – 1.00) 

1.00,  

(0.99 – 1.00) 
Imaxmed2 0.99,  

(0.99 – 1.00) 
0.99,  
(0.99 – 1.00) 

1.00,  
(0.99 – 1.00) 

0.99,  
(0.99 – 1.00) 

1.00,  
(0.99 – 1.00) 

 Whole cohort 
(n=142) 

Asymptomatic 
LBD 

(n=44) 

PD 
(n=87) 

CI-LBD 
(n=7) 

CI-AD 
(n=4) 

ΔImaxmed1/Δtime 1.00,  
(0.99 – 1.00) 

1.00,  
(0.99 – 1.00) 

1.00,  
(0.99 – 1.00) 

1.00,  
(0.99 –1.00) 

0.99,  
(0.99 – 1.00) 

ΔImaxmed2/Δtime 1.00,  

(0.99 – 1.00) 

1.00,  

(0.99 – 1.00) 

1.00,  

(0.99 – 1.00) 

1.00,  

(0.99 – 1.00) 

0.99,  

(0.99 – 1.00) 

 
HR values are reported as main value (95% confidence interval). HR values of statistically significant associations are reported in bold. Participants of 
the PD-CU and PD-PDD converters subgroups were merged in a single “PD” subgroup for the aims of these analyses. 
ap=0.03 
bp=0.02 
Abbreviations: AD, Alzheimer's disease; CI, cognitively impaired; CU, cognitively unimpaired; HR, hazard ratio; LBD, Lewy body disease; PD, 
Parkinson's disease; PDD, Parkinson’s disease dementia. 

 

  



Supplementary Table 7 Baseline scores for cognitive and clinical scales in the whole cohort and subgroups 

 

 Whole cohort 
 

 
(N=196) 

Asymptomatic 
LBD 

 
(n=55) 

PD-CU 
 

 
(n=60) 

PD-PDD 
converters 

 
(n=34) 

CI-LBD 
 

 
(n=31) 

CI-AD 
 

 
(n=16) 

MMSEa, n 28.0 (27.0 – 

29.0), 195 

29.0 (27.0 – 30.0), 

55 

29.0 (28.0 – 

29.0), 59 

28.0 (26.0 – 

29.0), 34 

27.0 (25.0 – 29.0), 

31 

26.0 (25.0 – 

28.75), 16 
ADAS delayeda, n 3.0 (2.0 – 6.0), 

194 
3.0 (2.0 – 4.0), 55 3.0 (2.0 – 4.0), 

60 
3.5 (2.0 – 5.0), 
34 

6.0 (4.5 – 7.5), 29 7.0 (7.0 – 8.0), 16 

ADAS immediatea, 
n 

4.0 (2.7 – 5.3), 
194 

3.3 (2.3 – 4.3), 54 3.3 (2.3 – 4.3), 
60 

4.5 (3.8 – 5.3), 
34 

5.3 (3.7 – 6.0), 30 5.2 (4.3 – 6.3), 16 

BSITa, n 7.0 (5.0 – 9.0), 

141 

8.0 (6.0 – 10.0), 38 8.0 (6.0 – 9.0), 

59 

6.0 (4.0 – 7.0), 

33 

5.0 (3.7 – 6.0), 10 10, 1 

 
aExpressed as median (interquartile range) 
Abbreviations: AD, Alzheimer's disease; ADAS, Alzheimer’s Disease Assessment Scale-Cognitive Subscale; BSIT, Brief Smell Identification test; CI, 
cognitively impaired; CU, cognitively unimpaired; LBD, Lewy body disease; MMSE, Mini Mental State Examination; PD, Parkinson's disease; PDD, 

Parkinson’s disease dementia. 

 

  



Supplementary Table 8 Association of time-varying clinical and cognitive scores with kinetic parameters 

 

 MMSE score 

p value, β coefficients 

 Non AD-corrected AD-corrected 
 Whole cohort 

(n=196) 

Whole cohort 

(n=193) 

Nrep <0.001 
-0.44, (-0.68 – -0.19) 

<0.001 
-0.45, (-0.69 – -0.22) 

Lagmed1 0.23 
0.06, (-0.04 – 0.16) 

0.31 
0.05, (-0.05 – 0.15) 

Lagmed2 0.10 

0.09, (-0.02 – 0.20) 

0.25 

0.06, (-0.04 – 0.17) 

 ADAS delayed word recall 

p value, β coefficients 

 Non AD-corrected AD-corrected 
 Whole cohort 

(n=196) 

Whole cohort 

(n=193) 

Nrep 0.03 
0.21, (0.02 – 0.40) 

0.02 
0.22 (0.04/0.41) 

Lagmed1 0.04 

-0.08, (-0.15 – -0.01) 

0.08 

-0.07, (-0.14 – 0.008) 
Lagmed2 0.04 

-0.09, (-0.17 – -0.01) 

0.10 

-0.07, (-0.15 – 0.01) 

 ADAS immediate word recall 

p value, β coefficients 

 Non AD-corrected AD-corrected 
 Whole cohort 

(n=196) 

Whole cohort 

(n=193) 

Nrep 0.02 
0.14, (0.02 – 0.27) 

0.01 
0.15, (0.03 – 0.28) 

Lagmed1 0.004 
-0.08, (-0.13 – -0.02) 

0.01 
-0.07, (-0.13 – -0.02) 

Lagmed2 0.002 

-0.09, (-0.15 – -0.03) 

0.007 

-0.08, (-0.13 – -0.02) 

 BSIT 

p value, β coefficients 

 Asymptomatic LBD 
(n=38) 

Asymptomatic LBD 
(n=38) 

Nrep 0.03 
-0.37 (-0.71 – -0.03) 

0.02 
-0.38 (-0.71 – -0.05) 

 
Only β coefficients of statistically significant analyses are shown. β coefficients values are reported as main value, (95% confidence interval). P values 

of statistically significant associations are reported in bold. 
Abbreviations: AD, Alzheimer's disease; ADAS, Alzheimer’s Disease Assessment Scale-Cognitive Subscale; BSIT, Brief Smell Identification test; CI, 
cognitively impaired; LBD, Lewy body disease; Nrep, number of positive replicates. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Supplementary Figure 1 Comparison of baseline Imax values between LBD-converters and non 

LBD-converters and among different subgroups. A-B: Values of Imaxmed1 (A) and Imaxmed2 (B) 

in LBD-converters and non LBD converters. C-D: Imaxmed1 (C) and Imaxmed2 (D) values in 

participants from different subgroups. Horizontal bold lines represent the median value, boxes 

represent the interquartile range, and the whiskers represent the 5th and the 95th percentile. White 

circles represent the outliers. Abbreviations: AD, Alzheimer’s disease; CI, cognitively impaired; CU, 

cognitively unimpaired; LBD-c, Lewy body disease converters; non LBD-c: non Lewy body disease 

converters; PD, Parkinson’s disease; PDD, Parkinson’s disease dementia. 

 


