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Supplementary Figure 1 – Flow chart of IAF-BO cohort  

Seventy patients met eligibility criteria and were included in the IAF-BO cohort. Among them, 9 
patients converted to MSA with median latency of conversion from disease onset of 6.0 [5.0-8.0] 
years; 10 patients converted to DLB with a median latency of conversion of 10.5 [5.8-27.0] years; 
and 4 patients converted to PD with median latency of conversion of 11.5 [8.3-17.8] years. 
Additionally, 5 patients developed a parkinsonian syndrome, with an unclear response to 
dopaminergic therapy, not meeting any international diagnostic criteria and thus classified as 
undefined parkinsonism (park), with a median latency of conversion of 6.0 [5.0-15.0] years.  
Abbreviations:  DLB = dementia with Lewy bodies, MSA = multiple system atrophy, PAF = pure 
autonomic failure, park= undefined parkinsonism, PD = Parkinson’s disease. 
 

 



Bibliography for measurement tools 
 

Abbreviation Name Scoring Reference 

ADL Activities of daily living 
scale 

Score from 0 to 6, 
with the highest being 
the best 

S. Katz, A.B. Ford, R.W. Moskowitz, B.A. Jackson, M.W. Jaffe, Studies of Illness in the Aged: The Index 
of ADL: A Standardized Measure of Biological and Psychosocial Function, JAMA: The Journal of the 
American Medical Association 185 (1963) 914–919. https://doi.org/10.1001/jama.1963.03060120024016. 

BDI Beck Depression 
Inventory 

Score from 0 to 63, 
with the highest being 
the worst 

A.T. Beck, C.H. Ward, M. Mendelson, J. Mock, J. Erbaugh, An Inventory for Measuring Depression, Arch 
Gen Psychiatry 4 (1961) 561–571.  

BRCS Brief Resilient Coping 
Scale 

Score from 4 to 20, 
with score ≥17 indicate 
high, 14-16 mid and 
<14 low resilience 

V.G. Sinclair, K.A. Wallston, The Development and Psychometric Evaluation of the Brief Resilient Coping 
Scale, 2004. 

COMPASS-31 Composite Autonomic 
Symptom Score 

Score from 0 to 100, 
as sum of 6 subscales, 
with the highest being 
the worst 

G. Pierangeli, A. Turrini, G. Giannini, F. Del Sorbo, G. Calandra-Buonaura, P. Guaraldi, M.L. Bacchi 
Reggiani, P. Cortelli, Translation and linguistic validation of the Composite Autonomic Symptom Score 
COMPASS 31, Neurological Sciences 36 (2015) 1897–1902. https://doi.org/10.1007/s10072-015-2278-y 

ECI Elixhauser 
Comorbidity Index 

higher score indicates 
a greater disease 
burden 

A. Elixhauser, C. Steiner, D.R. Harris, R.M. Coffey, Comorbidity Measures for Use with Administrative 
Data, Med Care 36 (1998). https://doi.org/10.1097/00005650-199801000-00004. 

IADL Instrumental activities 
of daily living scale 

Score from 0 to 8, 
with the highest being 
the best 

M.P. Lawton, E.M. Brody, Assessment of older people: Self-maintaining and instrumental activities of 
daily living, Gerontologist 9 (1969). https://doi.org/10.1093/geront/9.3_Part_1.179. 

mBI modified Barthel Index 
Scores from 0 (full 
dependence) to 100 
(full independence) 

Galeoto G, Lauta A, Palumbo A, C. Sf, Mollica R, Santilli V, S. Ml, International Journal of Neurology and 
Neurotherapy The Barthel Index: Italian Translation, Adaptation and Validation Translation process, Int J 
Neurol Neurother 2 (2015). 

MoCA Montreal Cognitive 
Assessment 

Score from 0 to 30, 
score <18 indicates 
cognitive impairment 

E.N. Aiello, C. Gramegna, A. Esposito, V. Gazzaniga, S. Zago, T. Difonzo, O. Maddaluno, I. Appollonio, 
N. Bolognini, The Montreal Cognitive Assessment (MoCA): updated norms and psychometric insights 
into adaptive testing from healthy individuals in Northern Italy, Aging Clin Exp Res 34 (2022). 
https://doi.org/10.1007/s40520-021-01943-7. 

NMSS Non-Motor Symptoms 
Scale 

30 items grouped in 9 
domains, each item 
scoring from 0 to 12, 
with the highest being 
the worst 

P. Martinez-Martin, K.R. Chaudhuri, J.M. Rojo-Abuin, C. Rodriguez-Blazquez, M. Alvarez-Sanchez, T. 
Arakaki, A. Bergareche-Yarza, A. Chade, N. Garretto, O. Gershanik, M.M. Kurtis, J.C. Martinez-Castrillo, 
A. Mendoza-Rodriguez, H.P. Moore, M. Rodriguez-Violante, C. Singer, B.C. Tilley, J. Huang, G.T. 
Stebbins, C.G. Goetz, Assessing the non-motor symptoms of Parkinson’s disease: MDS-UPDRS and 
NMS Scale, Eur J Neurol 22 (2015). https://doi.org/10.1111/ene.12165. 



OHDAS 
Orthostatic 
Hypotension Daily 
Activities Scale 

Sum of 4 subscales, 
each from 0 to 10, 
with the highest being 
the worst 

H. Kaufmann, R. Malamut, L. Norcliffe-Kaufmann, K. Rosa, R. Freeman, The Orthostatic Hypotension 
Questionnaire (OHQ): Validation of a novel symptom assessment scale, Clinical Autonomic Research 22 
(2012) 79–90. https://doi.org/10.1007/s10286-011-0146-2. 

OHSA 
Orthostatic 
Hypotension Symptom 
Assessment 

Sum of 6 subscales, 
each scoring from 0 to 
10, with the highest 
being the worst 

H. Kaufmann, R. Malamut, L. Norcliffe-Kaufmann, K. Rosa, R. Freeman, The Orthostatic Hypotension 
Questionnaire (OHQ): Validation of a novel symptom assessment scale, Clinical Autonomic Research 22 
(2012) 79–90. https://doi.org/10.1007/s10286-011-0146-2. 

SCOPA-AUT 
Scales for Outcomes 
in Parkinson’s 
Disease-Autonomic 

Sum of 25 items, 
each scoring from 0 to 
3, with the highest 
being the worst 

M. Visser, J. Marinus, A.M. Stiggelbout, J.J. van Hilten, Assessment of autonomic dysfunction in 
Parkinson’s disease: The SCOPA-AUT, Movement Disorders 19 (2004) 1306–1312. 
https://doi.org/10.1002/mds.20153. 

SF-36 Short Form 36 Health 
Survey (SF-36) 

Sum of 8 domains, 
each from 0 to 100, 
higher scores being 
better health status 

J.E. Ware, M.A. Kosinski, S.D. Keller, SF-36 physical and mental health summary scales: a User’s 
Manual, Health Assessment, New England Medical Center Boston, MA (1994). 
 

G. Apolone G, P. Moscone, J. Ware, Questionario sullo stato di salute SF-36. Manuale d’uso e guida alla 
interpretazione dei risultati., 2000. (Italian normative data) 

SF- 
Qualiveen 

SF-Qualiveen 
questionnaire 

Sum of 8 items 
scoring from 0 to 4, 
with the highest being 
the worst 

V. Bonniaud, D. Bryant, B. Parratte, G. Guyatt, Development and Validation of the Short Form of a 
Urinary Quality of Life Questionnaire: SF-Qualiveen, Journal of Urology 180 (2008) 2592–2598. 
https://doi.org/10.1016/j.juro.2008.08.016. 

 

 

  



Supplementary Table 1. Correlations between HRQoL, disability and severity of autonomic symptoms.  
 

 COMPASS-
31 

Total score 

COMPASS-
31 

Orthostatic 
intolerance 

COMPASS-
31 

Vasomotor 

COMPASS-31 
Secretomotor 

COMPASS-31 
Gastrointestinal 

COMPASS-
31 

Bladder 

COMPASS-
31 

Pupillomotor 

OHSA BRCS BDI 

 rho / p rho / p rho / p rho / p rho / p rho / p rho / p rho / p rho / p rho / p 

SF-36 
PCS 

-0.48 
0.001 

-0.48 
0.001 

0.25 
0.20 

-0.12 
0.54 

-0.42 
0.03 

-0.14 
0.48 

0.03 
0.86 

-0.56 
0.001 

0.41 
0.03 

-0.24 
0.22 

SF- 36 
MCS 

-0.19 
0.31 

-0.31 
0.11 

-0.16 
0.40 

-0.08 
0.70 

-0.20 
0.30 

0.16 
0.41 

-0.23 
0.24 

-0.35 
0.07 

0.24 
0.22 

-0.57 
0.001 

OHDAS 0.46 
0.01 

0.41 
0.03 

-0.35 
0.06 

0.03 
0.86 

0.60 
0.001 

0.08 
0.68 

-0.12 
0.52 

0.50 
0.01 

-0.54 
0.002 

0.50 
0.01 

SF-
Qualiveen 

0.28 
0.15 

0.14 
0.48 

-0.05 
0.80 

0.31 
0.10 

0.01 
0.97 

0.53 
0.003 

0.13 
0.50 

0.15 
0.42 

0.13 
0.51 

0.17 
0.39 

mBI -0.56 
0.002 

-0.39 
0.04 

0.17 
0.39 

-0.03 
0.86 

-0.51 
0.005 

-0.46 
0.01 

0.16 
0.42 

-0.47 
0.01 

0.39 
0.04 

-0.17 
0.55 

ADL -0.66 
0.001 

-0.34 
0.07 

0.09 
0.64 

-0.24 
0.21 

-0.44 
0.02 

-0.51 
0.004 

-0.12 
0.53 

-0.46 
0.01 

0.08 
0.67 

-0.18 
0.36 

IADL -0.45 
0.01 

-0.48 
0.01 

0.26 
0.18 

-0.03 
0.88 

-0.44 
0.02 

-0.08 
0.67 

0.10 
0.60 

-0.55 
0.001 

0.37 
0.05 

-0.31 
0.10 

 
Correlations are controlled for age. Spearman’s correlation coefficients (rho) are reported and p-values ≤ 0.05 are marked in bold. SF-36 PCS, SF- 36 MCS, SF-
Qualiveen are measures of HRQoL; OHDAS, mBI, ADL and IADL are measures of disability and the COMPASS-31 and OHSA measures the severity of 
autonomic symptoms. Correlations with the levels of resilience (BRCS) and depressive symptoms (BDI) are also shown. 
Abbreviations: HRQoL = health-related quality of life, SF-36 = Short Form 36 Health Survey, PCS = physical component score of SF-36, MCS = mental 
component score of SF-36, mBI = modified Barthel Index, ADL = activities of daily living scale, IADL = instrumental activities of daily living scale, COMPASS-31 = 
Composite Autonomic Symptom Score, OHDAS = orthostatic hypotension daily activities scale, BRCS = = Brief Resilient Coping Scale, BDI = Beck Depression 
Inventory. 
 
 



Supplementary Table 2 - Multivariable quantile regression models with HRQoL and disability 

measures as dependent variables, COMPASS-31 and BRCS or BDI as independent variables. 

 
Outcome Multivariable quantile regression models*    

 Variables ß (95% CI) P R2 # 

SF-36 – PCS COMPASS-31 
BRCS 
Interaction COMPASS-31*BRCS 

-0.18 (-0.74;0.38) 
1.12 (-0.94;3.18) 
-0.003 (-0.05;0.40) 

0.513 
0.273 
0.882 

0.44 

OHDAS COMPASS-31 
BRCS 
Interaction COMPASS-31*BRCS 

1.26 (0.68;2.45) 
1.94 (-2.42;6.30) 
-0.074 (-0.16;0.16) 

0.039 
0.367 
0.103 

0.29 

  
COMPASS-31 
BDI 
Interaction COMPASS-31*BDI 

 
0.66 (0.26; 1.00) 
0.74 (-0.06; 1.54) 
-0.01 (-0.26; 0.08)  

 
0.002 
0.071 
0.279 

 
0.32 
 
 

mBI COMPASS-31 
BRCS 
Interaction COMPASS-31*BRCS 

-1.15 (-1.83;-0.46) 
-2.28 (-4.80;0.23) 
0.075 (0.23;0.13) 

0.002 
0.073 
0.007 

0.39 

IADL COMPASS-31 
BRCS 
Interaction COMPASS-31*BRCS 

-0.09 (-0.19;0.01) 
-0.19 (-5.50;0.17) 
0.006 (-0.00;0.13) 

0.066 
0.291 
0.122 

0.36 

 
*Adjusted for age and sex. R2 referred to the whole model. P values ≤ 0.05 are marked in bold. 
 
Separate models were constructed for HRQoL and disability outcomes variables that significantly correlated 
with clinical measures of autonomic symptoms and levels of resilience and depression. The outcomes 
variables were treated as continuous. Each model included age and sex as covariates, along with the 
interaction COMPASS-31 by BRCS and COMPASS-31 by BDI. In case of significant interaction effects, 
these were unpacked by stratifying resilience into low and medium/high groups based on the cut-offs 
provided by the BRCS and calculating correlation coefficients for these two groups separately. The 
coefficient (of the 50th percentile) represents the median of the outcome variables (PCS, OHDAS, mBI, 
IADL) associated with a one-unit change in the independent variables. 
 
Abbreviations: HRQoL = health-related quality of life, SF-36 = Short Form 36 Health Survey, PCS = 
physical component score of SF-36, MCS = mental component score of SF-36, OHDAS = orthostatic 
hypotension daily activities scale, mBI = modified Barthel Index, IADL = instrumental activities of daily living 
scale, COMPASS-31 = Composite Autonomic Symptom Score, BRCS = Brief Resilient Coping Scale, BDI = 
Beck Depression Inventory. 
Unstandardized beta coefficients, 95% confidence intervals and p-values are shown.  
 
Reference: K. Yu, Z. Lu, J. Stander, Quantile regression: Applications and current research areas, Journal 
of the Royal Statistical Society Series D: The Statistician 52 (2003). https://doi.org/10.1111/1467-9884.00363 
 


