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RAD tota A a e D

B Std error p B Std error P B Std error P

Blood tricosanoic acid (wmol/L)

Modell 0.077 0.016 <0.001 0.058 0.027 0.042 0.440 0.070 <0.001
Model2 0.065 0.016 <0.001 0.044 0.023 0.065 0.380 0.070 <0.001
Model3 0.021 0.019 0.301 0.039 0.023 0.102 0.200 0.070 0.007
Quartile of blood tricosanoic acid

Q4 vs. Q1, modell 1.795 0.385 <0.001 1.170 0.625 0.071 9.607 1.754 <0.001
Q4 vs. Q1, model2 1.454 0.384 <0.001 0.777 0.534 0.158 8.007 1.554 <0.001
Q4 vs. Q1, model3 0.413 0.461 0.383 0.839 0.543 0.141 3.610 1.248 0.010
Q3 vs. Q1, modell 0.868 0.462 0.070 1.099 0.655 0.104 4.744 1.751 0.011
Q3 vs. Q1, model2 0.670 0.376 0.086 0.870 0.545 0.122 3.815 1.530 0.019
Q3 vs. Q1, model3 —0.111 0.364 0.765 1.103 0.480 0.035 0.663 1.124 0.563
Q2 vs. Q1, modell 1.071 0.491 0.038 —0.174 0.696 0.804 3.523 2.393 0.152
Q2 vs. Q1, model2 0.848 0.410 0.048 —0.433 0.629 0.497 2.469 2.163 0.264
Q2 vs. Q1, model3 0.462 0.382 0.243 —0.487 0.626 0.447 0.639 1.769 0.722

Bold values indicate statistically significant differences. Model 1 = blood tricosanoic acid. Model 2 = Model 1 + Age.group. Model 3 = Model 2 + Age.group + Race + Educational_level +
PIR.group + Alg.group + sleep.disorder.
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Demograp data Percentage
ad ed ad ed)”
Total 1,127 100%
Sex
Female 586 55%
Male 541 45%
Age group
60-69 years 567 54%
70-79 years 316 26%
80 + years 244 20%
Race
Other race 213 8.3%
Mexican American 103 3.4%
Non-Hispanic Black 231 8.4%
Non-Hispanic White 580 80%
Educational_level
Below high school 273 16%
High school/GED 258 21%
Above high school 595 63%
PIR.group
<5 915 74%
>5 212 26%
Alg group
Non-drinker 358 27%
1-5 drinks/month 544 49%
5-10 drinks/month 51 5.1%
10 + drinks/month 172 18%
Sleep.disorder
No sleep disorder 980 87%
Sleep disorder 147 13%
25th, 75th
percentiles
Tricosanoic acid (jumol/L) 29 25,35
Age (years) 68 63,74
PIR 3.14 1.72,5.00
CERAD1 5.00 4.00, 6.00
CERAD2 7.00 6.00, 8.00
CERAD3 8.00 7.00, 9.00
CERAD.total 20.0 17.0,23.0
CERAD.delay.recall 7.00 5.00, 8.00
Animal fluency 18.0 14.0,22.0
DSST 53 42,64

*Adjusted for sampling weight, strata, and primary sampling unit.
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Characteristic Q1 (@] Q3 Q4 p-value?
Tricosanoic acid (umol/L)

Tricosanoic acid (jumol/L) 21 (19, 24) 27 (26, 28) 32(31,33) 40 (37, 44) <0.001
Men only 21 (19, 24) 27 (26, 28) 32(30,33) 40 (37, 43) <0.001
Women only 21 (19, 24) 27 (26,28) 32 (31,34) 40 (37, 44) <0.001
CERAD1 5.00 (4.00, 6.00) 5.00 (4.00, 6.00) 5.00 (4.00, 6.00) 5.00 (4.00, 6.00) 0.012
CERAD2 7.00 (6.00, 8.00) 7.00 (6.00, 8.00) 7.00 (6.00, 8.00) 8.00 (7.00, 9.00) <0.001
CERAD3 8.00 (6.00, 9.00) 8.00 (7.00, 9.00) 8.00 (7.00, 9.00) 8.00 (7.00, 9.00) <0.001
CERAD.total 19.2 (16.7,22.0) 20.0 (18.0, 23.0) 20.0 (17.0, 23.0) 21.0 (19.0, 24.0) <0.001
CERAD.delay.recall 6.00 (4.00, 8.00) 6.00 (5.00, 8.00) 7.00 (5.00, 8.00) 7.00 (5.00, 9.00) <0.001
Animal fluency: score total 17.0 (14.0, 21.0) 17.0 (13.0, 20.0) 19.0 (15.0, 22.0) 18.0 (15.0, 23.0) 0.077
DSST 48 (37, 59) 53 (40, 64) 53 (42, 62) 57 (46, 69) <0.001

“Wilcoxon rank-sum test for complex survey samples.
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RAD RAD RAD RAD.delay.reca

OR CI P OR CI P OR CI P OR CI P
Blood tricosanoic acid (umol/L)
Modell 1.02 1.01, 1.03 0.004 1.03 1.02, 1.04 <0.001 1.03 1.02, 1.04 <0.001 1.04 1.02, 1.06 <0.001
Model2 1.02 1.00, 1.03 0.018 1.02 1.01, 1.04 <0.001 1.03 1.01, 1.04 <0.001 1.03 1.01, 1.05 <0.001
Model3 1 0.98, 1.02 0.9 1.01 0.99, 1.02 0.4 1.01 1.00, 1.03 0.14 1.02 1.0, 1.04 0.13
Quartile of blood tricosanoic acid
Q4 vs. Q1, modell 1.7 1.25,2.31 0.001 1.9 1.38,2.62 <0.001 1.87 1.34,2.59 <0.001 2.35 1.4, 3.82 0.001
Q4 vs. Q1, model2 1.5 1.13,2.00 0.007 1.68 1.20, 2.36 0.004 1.69 1.21,2.35 0.003 1.97 1.24,3.14 0.006
Q4 vs. Q1, model3 1.08 0.75, 1.57 0.7 1.09 0.74, 1.61 0.7 1.28 0.83, 1.98 0.2 1.41 0.79, 2.50 0.2
Q3 vs. Q1, modell 1.26 0.90, 1.76 0.2 1.31 0.91, 1.90 0.15 1.44 1.00, 2.06 0.047 1.68 1.08, 2.63 0.023
Q3 vs. Q1, model2 1.17 0.89, 1.55 0.2 1.22 0.89, 1.68 0.2 1.36 0.98, 1.88 0.061 1.52 1.01,2.28 0.043
Q3 vs. Q1, model3 0.96 0.69, 1.32 0.8 0.87 0.66, 1.15 0.3 1.07 0.74, 1.56 0.7 1.18 0.79, 1.77 0.4
Q2 vs. Q1, modell 1.58 1.10, 2.26 0.015 1.41 0.97, 2.05 0.067 1.31 0.85, 2.03 0.2 1.39 0.76, 2.56 0.3
Q2 vs. Q1, model2 1.46 1.08, 1.96 0.016 1.31 0.93, 1.84 0.12 1.23 0.83, 1.82 0.3 1.24 0.73,2.12 0.4
Q2 vs. Q1, model3 1.3 0.94, 1.81 0.11 1.09 0.79, 1.50 0.6 1.13 0.74, 1.72 0.6 1.12 0.65, 1.93 0.7

Bold values indicate statistically significant differences. Model 1 = Blood tricosanoic acid. Model 2 = Model 1 + Age group. Model 3 = Model 2 + Age group + Race + Educational_level + PIR.group + Alq.group + sleep.disorder.
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Respo ab Predictor variable ame andard a
a erro

Vsocmose Interceptuodet 0.172 0.00790 218 3.86- 1075
Interceptyigncog 0.0572 0.0149 385 0.000164
ASSR power -0.444 0.127 -3.50 0.000598
Latency (AM) - highCog -0.107 0.0502 2213 0.0344
Magnitide (AM) - Latency (AM) - highCog 0284 0.121 234 0.0205
Magnitude (AM) - lowCog 0.124 0.0409 3.04 0.00276

The model is given in Equation 16. R? value = 0.126, and loglikelihood = —231.
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ERSP Fold1 Fold2 Fold3 Fold4 Fold5 Average
on

mixed
region

Accuracy | 50.0 55.9 529 47.1 529 518
(%)

Specificity | 37.5 68.8 313 50.0 56.3 4878
(%)

Sensitivity | 61.1 444 722 444 50.0 54.42
(%)

Hyperparameters are fine-tuned for all models.
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a pa oup oup Differe e
8 og og p-value

No. of participants 83 95 =
Mean BPP (18 yrs) 46.4 454 0182}
Mean IST (56 yrs) 40.9 239 8.80 - 107401
Mean IST (60 yrs) 37.6 255 7.70 - 107181
SOC moves for 4-move 4.94 5.40 0.00170%*
problems (mean)
SOC problems solved 945 8.31 0.000168%*

in min moves (mean)

For normally distributed variables, including age and the two IST-2000R scores, a two-sample

t-test was applied to calculate the P-value. A Wilcoxon rank-sum test was then done for the

remaining variables, which follow a skewed distribution.

T Calculated using two-sample t-test.

¥ Calculated using Wilcoxon rank-sum test.

*Significant (P-value < 0.0031).
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po ab ed (o ariaple a e anaa a P

i Interceptuodst 203 0365 557 984107
Interceptigicog 2.94 0.423 6.96 7.36- 1071
Magnitude (ITPC) 141 0.506 279 0.00588
Slope (AM) 135 0465 291 0.00408
Magnitude (AM) - lowCog 524 133 3.93 0.000123
Magnitude (ITPC) - lowCog 199 0738 2,69 0.00779
ASSR power - lowCog -165 445 370 0.000290

The model is given in Equation 15. R? value = 0.452, and loglikelihood = —199.
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Respo ab Predictor variable ame andard a
a erro

Ysocpas Interceptyod 135 0.0641 210 7.18-107%

Latency (AM) -241 0.671 -3.59 0.000325

Magnitude (AM) - highCog -2.11 0.584 -3.61 0.000302

Magnitude (AM) - Latency (AM) - highCog 10.7 2.52 423 2.38.107°

2.18 0.662 3.30 0.000969

Latency (AM) - lowCog

The model is given in Equation 17. R? value = 0.128, and loglikelihood = —339.
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PDP (n = 41) nPDP (n = 41) NCs (n = 29) Statistical values p-value

Age (year) 632496 631116 60258 0977 0.380°
Sex (M/F) 22/19 24/17 15/14 0363 0.834"
Education (year) 922447 77442 69447 2555 0.082°
Duration (month) 425 (14.3,60) 22(125,36) 1131 0.258°
UPDRS 111 20(13,28) 17(9,22) 1373 0.170°
HY 2(15,25) 15(1,25) 0918 0359°
LEDD 300 (75, 500) 300 (0, 500) 0.879 0379°
MMSE 28(245,29) 26(23.25,27.75) 26(25,285) 2 0052
MoCA 25445 2047444 1463 0151¢
HAMD 75(1,128) 4(1,9) -1845 0.650°
HAMA 75(5,112) 5(3,9.8) -1202 0.229°
VAS 6(4,7) 0 0.936 0.001°

Values are shown as mean  SD, or median (interquartile range); PDP, PD patients with chronic pain; nPDP, PD without pain; NCs, normal controls; n, number; M, male; , female; UPDRS,
Unified Parkinson's Disease Rating Scale; H-Y, Hoehn and Yahr stage; LEDD, levodopa equivalent daily dose; MMSE, Mini-Mental State Examination; MOCA, Monireal Cognitive
Assessment; HAMD, Hamilion Depression Scale; HAMA, Hamilion Anxiety Rating Scale; VAS, Visual Analog Scale. “One-way analysis of variance. “Chi-square test, “Two-sample t-est.
‘Kruskal-Wallis H test. ‘Mann-Whitney U test.
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Brain region Coordinates MNI Cluster size Z value

PDP vs. nPDP

Putamen R 30 15 15 15 ~3.855
Corpus Callosum 3 2% 6 3 -3747
SEGISMA R 18 18 0 27 3675
PCL/M1L L -12 72 62 3.969
PDP vs. NCs.

Fusiform R 30 —69 -6 37 -4279
M1 R 51 =B 12 22 =3.447

ALFF, amplitude of low- frequency fluctuation; PDP, PD patients with chronic pain; nPDP, PD without pain; NCs, normal controls; MNI, Montreal Neurological Institute; SFG, superior frontal
gyrus; SMA, supplementary motor area; PCL, paracentral lobule; M1, primary motor cortes.
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Brain region Coordinates MNI Cluster size Zvalue

Putamen_ R

PDP vs. nPDP Midbrain 9 -12 -6 55 ~4055
AcC R 12 36 -3 15 3588
OFC L -15 a2 -21 19 -3335
MEG L -2 33 u 62 3888
Cerebellum R 27 66 -36 2% —3334
MTG R 54 -39 0 19 3473

PDPys. NCs Insula L -30 12 -3 312 -4295
Insula R 30 9 6 273 —4042
MEG L -27 39 18 76 —3477
STG L -1 -2 0 43 -3878

PDP, PD patients with chronic pain; nPDP. PD without pain; NCs, normal controls; MFG, middle frontal gyrus; OFC, Orbito-frontal cortex; MTG, middle temporal gyrus; ACC, anterior
cingulate cortex; STG, superior temporal gyrus.
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A.PDP versus nPDP






OPS/images/fnagi-17-1499262/fnagi-17-1499262-g002.jpg
A.PDP versus nPDP

B.  PDP versus NCs
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Initial sample NHANES 2011-
2014, n =19931

\

Remaining sample size
n =3632

Excluding participants < 60 years old.
n = 16299

W/

Remaining sample size
n = 2934

Excluding missing cognitive function data.
n =698

\

Remaining sample size
n = 1294

V

Excluding missing tricosanoic acid data.
n = 1640

Remaining sample size
n = 1164

Excluding missing PIR (n = 109), drinking
(n =21) data.n =130

\

Final sample size
n=1127

\4

Excluding subsample weight value = 0.
n=37
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p-value  Size (vertices) Overlap Regions
with regions

of the DK
atlas.
000361 5040 18% SPG
15% PostCG
15% PreCG
10% MOG
10% G
8% PreCUN
7% STG
6% SupraMG
5% bsTS
2% MTG
1% ic
001004 608 47% FG
35% G
15% MOG
3% ParaHIPP

SPG, superior parietal gyrus; PreCG, precentral gyrus; PostCG, posteentral gyrus; MOG,
iddle occipital gyrus; IPG, inferior parietal gyrus; PreCUN, precuneus; STG, superior
temporal gyrus; SupraMG, supramarginal gyrus; bSTS, banks of the superior temporal
sulcus; MTG, middle temporal gyrus; IC, isthmus cingulate; FG, fusiform gyrus; LG, lingual
gyrus; ParaHIPP, parahippocampal gyrus.
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PD (n=57) HCs(n =5l

Age (years) 61.68+7.04 63564592 0142
Gender (male/female) (30127) (22128 0373
Education (years) 7.72£378 846+ 4.03 0328
Disease duration (years) 3258212

'UPDRS 11 score 2242%1279

H&Y 1.88+0.62

MMSE score 27.67 £1.37 2892+ 114 0.001
LEED (mg) 392,97 + 140.65

All continuous variables are given as mean (standard deviation). PD, Parkinson's disease;
HCs, healthy controls; UPDRS-1I1, Unified Parkinson's Discase Rating Scale (motor section);
H&Y, Hochn and Yahr staging: MMSE, Mini-Mental State Examination; LEED, levodopa
equivalent daily dose.
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Regions MNI No.

Coordinates Voxels
X
PosICG/PreCG/SPG/ 60 -12 30 -53079 768
PreCUN/SupraMG/ParaCG
STGIMTG 457 -4 6 —45767 103
MOG/MTG 39 -84 2 50902 191
MOG 30 =75 -4 -42651 75

POSICG, postcentral gyrus; PreCG, precentral gyrus; SPG, superior parietal gyrus; PreCUN,
precuneus; SupraMG, supramarginal gyrus; ParaCG, paracentral_lobules STG, superior
temporal gyrus; MTG, middle temporal gyrus; MOG, middle occipital gyrus.
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