Supplementary material

Table S1. Demographic and clinical characteristics of the overall study population based on a

priori NMSS subtyping
Overall Cortical Limbic Brainstem P-value | Adj.P-value | Posthoc
(n=168) (n=38) (n=48) (n=82) (Benjamini- test
(100%)  (22.6%) (28.6%)  (48.8%) Hochberg) | (significant
pairs)
Gender 100 24 20 56 (68.3%)  0.010x2 0.020 Limbic-M/F
(male) (59.9%)  (63.2%) (41.7%)
Age (years) 71.70 = 77.08+  68.81+ 70.89 £ <0.001xw [0.055 (sig.) Cortical-
957 842 888 9.57 imbic.
Brainstem
Ageatonset 6545+ 7221+ 6190+ 64.40 + <0.001 0.014 Corkicals
(years) 10.18 8.06 9.55 10.06 KW Simbie
Brainstem
Age at onset 103 12 33 58 (70.7%)  <0.001 0.014 C‘f“ic‘f‘l'
50-70 years  (61.3%) (31.6%) (68.8%) Kw CL;TﬁE;_
(%) Brainstem
Education 2 123 18 39 66 (80.4%)  <0.001 0.028 Cortical-
3. stage (732%)  (47.3%)  (81.2%) Kw CL;“H‘Z;_
based on Brainstem
ISCED (%)
Right- 144 23 45 76 (92.7%)  0.001 2 0.018 Cortical-
handed (%)  (85.7%) (60.5%) (93.8%) Left/Right
Disease 34 3 (7.9%) 12 19 (232%)  0.045KW 0.077 Cortical-
duration>10  (20.2%) (25.0%) Limbie
years (%)
+ family 27 11 6 10 (12.2%)  0.235x2 0.294
history (16.1%)  (28.9%)  (12.5%)
Side of onset 92 25 23 44 (53.7%) 0.245% 0.299
—right (%)  (54.8%) (65.8%) (47.9%)
Motor subtype:
TD (%) 87 2 (5.3%) 36 49 (59.8%) <0.001 2 0.004 Cortical-
(51.8%) (75.0%) TD/PIGD,
Limbic-
PIGD (%) 61 33 7 21 (25.6%) TD/PIGD
(36.3%)  (86.8%) (14.6%) B’*;I“GS:;“"
Intermediate 20 3 (7.9%) 5 12 (14.6%)
(%) (11.9%) (10.4%)
Risk factors
Pesticides 53 11 11 31 (37.8%) 0.196x 0.251
(%) (31.5%) (289%)  (22.9%)
Solvents (%) 28 5 7 16 (19.5%) 0.617 2 0.640
(16.7%)  (132%)  (14.6%)
Rural 111 20 31 60 (73.2%)  0.084x 0.136
environment (66.1%) (52.6%) (64.6%)
(%)
Head injury 26 10 6 10 (12.2%)  0.110x2 0.168
(%) (155%)  (26.3%)  (12.5%)



Non- 56 16 7 33 (402%)  0.005 Limbic-Y/N
caffeine (%)  (33.3%) (42.1%)  (14.6%)
Alcohol (%) 53 6 10 37(45.1%) 0.002KW Cortical-

Brainstem
Limbic-
Brainstem
Cortical-
Limbic
Cortical-
Brainstem

(315%) (15.8%) (20.8%)

Non- 104 14 31 59(72.0%) 0.003KW
smoking (%)  (61.9%) (36.8%)  (64.6%)

Prodromal NMS
RBD (%) 49 14 9 26 (31.7%)  0.145% 0.199
(292%)  (36.8%)  (18.8%)
Smell 46 14 6 26 (31.7%)  0.020 Limbic-Y/N
disorder (%)  (27.4%) (36.8%) (12.5%)
Constipation 51 8 9 34 (41.5%)  0.009x2 Brainstem-Y/N
(%) (30.4%) (21.1%) (18.8%)
EDS (%) 15 3(7.9%) 2(42%) 10(12.2%) 0292 0.349
(8.9%)
Hypotension 23 9 4(8.3%) 10(12.2%) 0.104x 0.163
(%) (13.7%)  (23.7%)
Sexual 29 5 11 13 (15.9%)  0.4412 0.505
dysfunction (17.3%) (13.2%) (22.9%)
(%)
Micturition 17 2 (5.3%) 5 10 (12.2%)  0.502 0.552
dysfunction  (10.1%) (10.4%)
(%)
Depression 39 3 (7.9%) 24 12 (14.6%)  <0.001%2 - All pairs
(%) (23.2%) (50%)
No. of 224+ 216+ 217+ 224+153 0.947KwW 0.947
prodromes 1.34 1.26 1.04
No.of NMS 688+ 589+ 725+ 7124366 0.154KW 0.207
3.21 2.15 2.99
MoCA 2577+ 2397+ 2650+ 2618+ <0.001 CLqrti:}I-
2.55 1.94 2.54 243 KW P
Brainstem
HAM-A 6.05+ 258+ 1090+ 4.83+457  <0.001 All pairs
5.32 1.73 5.07 KW
HAM-D 695+ 311+ 1254+ 546+428  <0.001 All pairs
5.61 1.69 5.50 Kw
UPDRSIII 3737+ 3576+ 3985+ 3666+  0.130KW 0.183
10.96 9.11 10.51 11.85
H&Y 245+ 282+ 233+ 235%069  <0.001 CLqrti;el-
1mb1
0.70 0.51 0.75 KW o
Brainstem
LED 72500+ 733.68+ 685.62+ 74402+  0.522KW 0.563
28576 28327  276.14 293.50
ESS 672+ 679+ 510+ 7.63+453 0.002KW Limbic-
424 4.69 2.68 Brainstem
FSS 3181+ 2976+ 3567+ 3050+  0.023KW Cortical-
1318 1074 1165 14.64 Limbie

Limbic-
Brainstem

RBDSQ 492 + 4.39 = 423+ 557+2.83 0.008xw
2.65 2.52 2.15




SAS 11.35+ 1463+ 1035z 10.40 + 0.001 xw 0.003 Cortical-

639 575 529 6.81 imbic
ortical-
Brainstem
NMSS 59.38 + 48.92 + 66.58 + 60.00 + 0.077 kw 0.128
36.94 21.43 34.87 42.61

Table S2. Frequencies of individual NMS in the overall study population and individual NMS
subtype (a priori approach)

NMS Overall Cortical Limbic Brainstem P- Adj. P- Post hoc
(n= n=38) (n=48) (n=82) value* value test
168) (22.6%) (20.6%)  (48.8%) (Benjamini- (significant
(100%) Hochberg) pairs)
Salivation (%) 38 7 9 22 (26.8%)  0.444 0.498
(22.6%) (18.4%) (18.8%)
Smell disorder 54 16 7 31 (37.8%)  0.008 0.018 Limbic
(%) (32.1%) (42.1%) (14.6%)
Dysphagia (%) 36 9 8 19 (23.2%)  0.635 0.647
(21.4%) (23.7%) (16.7%)
Nausea/vomiting 40 4 10 26 (31.7%)  0.034 0.060
(%) (23.8%) (10.5%) (20.8%)
Constipation (%) 75 10 17 48 (58.5%) <0.001 0.009 Cortical,
(44.6%) (26.3%) (35.4%) Brainstem
Micturition 81 12 19 50 (61.0%)  0.004 0.010 Brainstem
dysfunction (%) (48.2%) (31.6%) (39.6%)
Sexual 97 19 28 50 (61.0%) 0.524 0.554
dysfunction (%) (57.7%) (50.0%) (58.3%)
Dizziness (%) 94 20 31 43 (52.4%) 0.362 0.424
(56.0%)  (52.6%) (64.6%)
Sleep 121 24 32 65 (79.3%) 0.116 0.168
dysfunction (%) (72.0%) (63.2%) (66.7%)
Legs swelling 40 7 16 17 (20.7%)  0.179 0.234
(%) (23.8%) (184%) (33.3%)

Excessive 48 4 12 32 (39.0%)  0.005 0.012 Cortical,
sweating (%) (28.6%) (10.5%) (25.0%) Brainstem
Diplopia (%) 21 3(7.9%) 2 16 (19.5%)  0.024 0.044 Brainstem

(12.5%) (4.2%)

Pain (%) 86 15 35 36 (43.9%)  0.002 0.006 Limbic
(51.2%)  (39.5%) (72.9%)

Depression (%) 91 14 40 37 (45.1%) <0.001 0.008 Cortical,

(54.2%) (36.8%) (83.3%) Limbic

Anxiety (%) 78 7 43 28 (34.1%) <0.001 0.007 Cortical,

(46.4%) (18.4%) (89.6%) Limbic,

Brainstem
Psychosis (%) 27 2 (5.3%) 10 15 (18.3%) 0.111 0.165

(16.1%) (20.8%)

Cognitive 102 34 26 42 (51.2%) <0.001 0.006 Cortical,

impairment (%) (60.7%) (89.5%) (54.2%) Brainstem



Apathy (%) 53 22 11 20 (24.4%) <0.001 0.006 Cortical
(31.5%)  (57.9%)  (22.9%)
*All hypotheses tested using x? test of independence.

Table S3. Frequencies of individual first NMS in the overall study population and individual
NMS subtype (a priori approach)

First NMS Overall (n=168) Cortical (n=38) Limbic (n=48) Brainstem (n=82)
(100%) (22.6%) (20.6%) (48.8%)
Smell disorder 32 (19.0%) 12 (31.6%) 3 (6.3%) 17 (20.7%)
(%)
Constipation (%) 33 (19.6%) 6 (15.8%) 5 (10.4%) 22 (26.8%)
Micturition 2 (1.2%) 0 1(2.1%) 1(1.2%)
dysfunction (%)
Sexual 8 (4.8%) 2 (5.3%) 2 (4.2%) 4 (4.9%)
dysfunction (%)
Dizziness (%) 9 (5.4%) 2 (5.3%) 4 (8.3%) 3(3.7%)
Sleep 27 (16.1%) 8 (21.1%) 4 (8.3%) 15 (18.3%)
dysfunction (%)
Legs swelling 1 (0.6%) 0 0 1(1.2%)
(%)
Excessive 10 (6.0%) 1(2.6%) 2 (4.2%) 7 (8.5%)
sweating (%)
Pain (%) 9 (5.4%) 2 (5.3%) 3 (6.3%) 4 (4.9%)
Depression (%) 19 (11.3%) 0 14 (29.2%) 5 (6.1%)
Anxiety (%) 13 (7.7%) 1(2.6%) 10 (20.8%) 2 (2.4%)
Cognitive 4 (2.4%) 4 (10.5%) 0 0

impairment (%)

Table S4. Demographic and clinical characteristics of the overall study population based on cluster

analysis
Overall Cluster Cluster Cluster Cluster Cluster Adj. P-value
(n=168) 1(n=31) 2(n=33) 3(n=34) 4 (n=52) 5(n=18) P-value (Benjamini-
(100%) (18.5%) (19.6%) (20.2%) (31.0%) (10.7%) Hochberg)
Gender 100 21 11 21 34 13

2
(male) (%)  (59.9%) (67.7%) (33.3%) (618%) (653%) (722%) °OF°* 0025

7170+ 7829+ 6933+ 7185+ 6858+ 7339+ <0.001

Agelyears) g o, 8.60 867 1029 887 7.94 KW 0.038
Ageatonset 6545+ 7274+ 6242+ 6491+ 6410+ 6339 <0.001 0.019
(years) 10.18 8.71 9.09 10.05 9.77 11.03 Kw :

Age at Onset 8 24: 24 37 ].0
103 <0.001
7 (25.8%) (72.7%) (70.6%) (712%) (55.6%) o1
50-70 years (61.3%) W 0.013

(%)



_ 14 28 26 2 13
Education23. .. (452%) (84.8%) (765%) (80.8%) (72.2%)
stage based (73.2%) 0.004 xw
onISCED (%) "
Right-handed 144 20 31 31 34 17 oo
(%) (85.7%) (64.5%) (93.9%) (912%) (654%) (944%)
Disease " 4 7 10 509.6%) 8
duration > 10 (12.9%) (21.2%)  (29.4%) (44.4%)  0.003xW
(20.2%)
years (%)
+ family 27 9 4 6 6 2 .
history  (161%) (29.0%) (121%) (17.6%) (115%) (1.1%) °C449% 0.461
Side of onset 92 20 18 18 29 7
2
_right %)  (548%) (645%) (545%) (529%) (55.8%) (389%) " 0-543
Motor subtype:
87 2(65%) 28 19 29 9
TD (%) 0 0 0 0
(51.8%) (84.8%) (55.9%) (55.8%) (50.0%)
. 61 28 5 9 12 7 <0001
PIGD (%) 30500 (903%) (152%) (265%) (231%) (389%)
Intermediate 20 1(3.2%) 0(0.0%) 6 11 2
(%) (11.9%) (17.6%) (21.2%)  (11.1%)
Risk factors
e 53 9 7 13 14 10 2
Pesticides (%) 51 5op)  (29.0%) (212%) (382%) (26.9%) (55.6%) O101" 0.132
. 28 5 1(30%) 4 13 5 2
Rural 15 21 24 37 14
environment L0 (484%) (63.6%) (70.6%) (712%) (77.8%) 01702 0202
0 (66.1%)
(%)
Head injury 26 10 2(6.1%) 4 3 (5.8%) 7 <0.001
(%) (155%)  (32.3%) (11.8%) (389%) v
Non-caffeine 56 15 29 20 36 12 0.014 2
(%) (333%) (484%) (87.9%) (58.8%) (692%) (66.7%)
. 53 6 8 19 13 7 2
Alcohol (%) 51 5or (194%)  (242%) (559%) (25.0%) (38.9%) O019%
Non-smoking 104 13 20 24 36 11
%) (61.9%) (41.9%) (60.6%) (70.6%) (69.2%) (61.1%) U286 0320
Prodromal NMS
] 49 1 7 9 14 8 2
RBD (%) 0900y (355%) (212%) (265%) (269%) (444%) 0421 0.444
Smell 16 14 4 10 12 6
2
disorder (%) (27.4%) (452%) (12.1%) (294%) (23.1%) (333%) 046 - 0070
Constipation 51 5 5 20 12 9 <0.001
(%) (304%) (16.1%) (152%) (58.8%) (23.1%) (50.0%)  x
EDS %) 15 307% 000% 6  506%) 166%) (1on 018

(8.9%)

(17.6%)



Hypotension
(%)
Sexual

dysfunction
(%)

Micturition
dysfunction
(%)
Depression
(%)

No. of
prodromes

No. of NMS
MoCA
HAM-A
HAM-D
UPDRS III
H&Y
LED
ESS
FSS
RBDSQ
SAS

NMSS

23
(13.7%)

29
(17.3%)

17
(10.1%)

39
(23.2%)
22+
1.34

6.88 +
3.21

25.77 +
2.55

6.05 +
532

6.95 +
5.61

37.37 +
10.96

245+
0.70

725.00 =
285.76

6.72 +
424

31.81 +
13.18

492 +
2.65

11.35 +
6.39

59.38 £
36.94

9
(29.0%)

6
(19.4%)

2 (6.5%)

2 (6.5%)

242+
1.23

6.58 +
1.65

23.45 +
1.75

2.87
2.13

3.06 £
1.18

36.29 =
7.26

290 £
0.40

748.39 +
296.56

713+
4.77

31.42 +
9.91

490 £
271

15.71 +
5.62

56.90 =
15.91

4
(12.1%)

6
(18.2%)

1(3.0%)

17
(51.5%)

2.06 £
0.97

7.58 £
2.54

26.55 +
221

12.33 +
4.76
14.27 +
4.89
39.21 +
6.80
227 +
0.63

673.18 =
270.57

5.18 =
2.69

35.12 +
10.68

448 +
2.32

10.85 =
5.69

68.27 +
21.48

3 (8.8%)

6
(17.6%)

3 (8.8%)

5
(14.7%)

241+
1.74

8.03 +
2.67

25.94 +
241

415+
2.23

4.88 =
227

38.85 =
9.56

2.50 =
0.66

75147
234.74

8.29 +
5.24

34.56 =
14.14

5.85+
2.80

11.24 +
5.56

64.47 +
22.61

6
(11.5%)

5 (9.6%)

8
(15.4%)

9
(17.3%)
1.85+
1.18

435+
2.66

27.10 =
2.12

3.02
243

3.83+
1.92

32.63 £
11.93

2.04 +
0.52

682.88 =

308.40

552+
3.19
24.77 +
12.77
410 +
2.07
7.77 £
5.07

25.54 +
13.04

1 (5.6%)
0.087 x2 0.118
6
(33.3%)  0.240% 0.276
3
(16.7%) 03112 0.338
6 <0001 -
(33.3%) x2
272+
1.49 0.106 KW 0.134
11.28+ <0.001
2.35 Kw
2422+ <0.001
2.32 Kw
12.39+ <0.001
5.17 Kw
163.17+ <0.001
5.44 Kw
46.72 +  <0.001
14.90 Kw
311+  <0.001
0.83 Kw
851.39 +
204,87 0.077xw 0.108
933+  <0.001
4.23 Kw
4156+ <0.001
12.35 Kw
6.39 £
333 0.010kxw
1528+ <0.001
7.51 Kw
13544 + <0.001
27.20 Kw




