OPS/images/fnagi-17-1534073/cross.jpg
©

|





OPS/images/fnagi-17-1534073/fnagi-17-1534073-g002.jpg


OPS/images/fnagi-17-1534073/fnagi-17-1534073-g001.jpg
|

Identification

Records identified
through database

searching in PubMed

(n=527)

Records identified
through database

(n =7594)

searching in Embase

Records identified
through database
searching in Web of
Science (n =624)

Records identified
through database
searching in Cochrane
Library (n = 14)

Records identified
through database
searching in Scopus
(n = 2050)

Y

4

Screening

Total Records PubMed + Embase + Web of Science + Cochrane Library

(n=10.809)

Eligibility

Included

(n=

Title and Abstract screened

Duplicates (n = 4.856)
Non-English articles (n = 7)

5.946)

A

4

Full-text art
for el

(n=327)

icles assessed

Excluded Title (n = 4.367)
Excluded Abstract (n = 1.252)

igibility

Studies i

the review
(n=18)

ncluded in

\ 4

Inadequate o missing data (n = 294)
Inadequate study design (n = 15)






OPS/images/cover.jpg
& frontiers | Research Topics

Advancing personalized
diagnosis and treatment in
Parkinson’s disease: integrating
biomarkers, neuroimaging,

and artificial intelligence






OPS/images/fnagi-17-1510411/fnagi-17-1510411-t002.jpg
Characteristic Model 1 [ORs p-value Model 2 [ORs p-value Model 3 [ORs p-value

(95% CI)] (95% CI)] (95% CI)]
Continuous (per 10 scores) 0.80/(0.72,0.90) <0.001 081(0.71,0.92) 0.001 081 (0.66,0.99) 0047
Low (0-49) 1 (Ref) 1 (Ref) 1 (Ref)
Moderate (50-79) 049 (0.33,0.74) <0.001 053 (0.34,0.82) 0.005 053 (0.29,0.97) 0040
High (80-100) 038(0.21,0.70) 0.002 039(0.20,0.75) 0.005 043 (0.17,1.04) 0.060
pfor trend <0.001 0.002 0042

Components (per 10 scores)

HEI-2015 diet score 0.95(0.90,0.99) 0.048 0.93 (0.87,0.98) 0.014 0.93 (0.87,0.99) 0.027
Physical activity score 096 (092,099) 0020 097 (093,1.01) 0200 097 (093,1.02) 0300
“Tobacco exposure score 097 (0.92,1.01) 0.110 097 (0.92, 1.02) 0.200 0.81 (0.66, 0.99) 0.038
Sleep health score 0.92(0.87,0.97) 0.002 0.91(0.85,0.97) 0.004 091 (0.85,0.99) 0.020
Body mass index score 097 (0.92,1.02) 0.300 097 (0.92, 1.03) 0.200 0.98 (0.93, 1.04) 0500
Blood lipid score 1.03 (0.96, 1.09) 0.400 1.04 (097, 1.11) 0.300 1.04 (096, 1.13) 0.300
Blood glucose score 0.96 (0.91,1.00) 0.069 096 (091, 1.02) 0.200 0.96 (0.89, 1.05) 0.400
Blood pressure score 0.93(0.89,0.98) 0.006 0.94(0.89,0.99) 0.028 0.96 (0.89, 1.04) 0.300

CVH, cardiovascular health; LES, Lifés Essential 8; PD, Parkinson' disease; PIR, ratio of family income to poverty; HEI-2015, Healthy Eating Index-2015. Model 1: no covariates were adjusted.
Model 2 age, gender, education level, marital, PIR, and race were adjusted. Model 3: age, gender, education level, marital, PIR, race, smoking, drinking, hypertension, diabetes, and high
cholesterol were adjusted. A higher CVH score indicates better cardiovascular health.
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Characteristic Overall, N = 110,202,873 Non-PD, N = 108,739,335 PD, N = 1,463,538 (1.3%)

(100%) (98.7%)
No. of participants in the sample 18,277 18,034 23 -
Age (%) 0.060
40-60 68,072,992 (62%) 67,289,480 (62%) 783,512 (54%)
>60 42,129,880 (38%) 41,449,855 (38%) 680,025 (46%)
Gender (%) 0.003
Male 51,622456 (47%) 51,112,397 (47%) 510,059 (35%)
Female 58580417 (53%) 57,626,938 (53%) 953,479 (65%)
Race (%) <0.001
Non-Hispanic White 82901,819 (75%) 81,625,502 (75%) 1,276,317 (87%)
Non-Hispanic Black 10,241,800 (9.3%) 10,149,839 (9.3%) 91,960 (6.3%)
Other 10,827,168 (9.8%) 10,771,502 (9.9%) 55,665 (3.8%)
Mexican American 6,232,086 (5.7%) 6192491 (5.7%) 39,396 (27%)
Married/live with partner (%) 0127
No 34,292,121 (31%) 33,747,557 (31%) 544,564 (37%)
Yes 75910752 (69%) 74991,778 (69%) 918,974 (63%)
Education level (%) 0172
Below high school 16,385,052 (15%) 16,109,960 (15%) 275,091 (19%)
School or above 93,817,821 (85%) 92,629,374 (85%) 1,188,447 (81%)
PIR (%) 0.110
Not poor 86,617,980 (84%) 85,561,170 (84%) 1,056,810 (79%)
Poor 16,266,336 (16%) 15,991,405 (16%) 274,931 (21%)
Smoking (%) 015
Never 57,208,305 (529%) 56,445,236 (52%) 763,068 (52%)
Former 34,282748 (31%) 33910372 (31%) 372,377 (25%)
Current 18,711,820 (17%) 18,383,727 (17%) 328,003 (22%)
Drinking (%) 0159
Former 17,486,284 (17%) 17,150,167 (17%) 336,118 (24%)
Heavy 14,639,073 (14%) 14,476,730 (14%) 162343 (12%)
Mild 43,441,407 (42%) 42,915,657 (42%) 525,750 (38%)
Moderate 17,050,059 (16%) 16,855,796 (17%) 194262 (14%)
Never 10917,270 (11%) 10,754,309 (11%) 162961 (12%)
Hypertension (%) 0014
No 55,024,636 (50%) 54,448,781 (50%) 575,875 (39%)
Yes 55,178,217 (50%) 54,290,554 (50%) 887,663 (61%)
Diabetes (%) 0.197
No 91,006,506 (83%) 89,844,170 (83%) 1,162,336 (79%)
Yes 19,196,366 (17%) 18,895,165 (17%) 301,202 (21%)
High cholesterol (%) 0306
No 54,239,639 (52%) 53,555,650 (52%) 683,989 (48%)
Yes 49,860,036 (48%) 49,109,904 (48%) 750,132 (52%)
Mean LES score [mean (SD)] 6583 (14.22) 65.89 (14.21) 6131 (14.71) <0.001
Mean HEI-2015 diet score [mean (SD)] 4251 (31.43) 4258 (31.44) 3723 (30.00) 0056
Mean physical activity score [mean (SD)) 67.80 (42.79) 67.91(42.73) 5927 (45.94) 0.039
Mean tobacco exposure score [mean (SD)] 72.71(36.74) 7277 (36.68) 67.63 (40.55) 0386
Mean sleep health score [mean (SD)] 333 (2435) 83.41(24.28) 77.44 (28.40) 0.006
Mean body mass index score [mean (SD)] 58.62 (33.06) 5866 (33.01) 55.50 (36.80) 039
Mean blood lipid score [mean (SD)] 5937 (29.43) 5935 (29.42) 6147 (29.64) 0.456
Mean blood glucose score [mean (SD)] 80.98 (26.42) 81.03(26.39) 77.78 (27.87) 0.087
Mean blood pressure score [mean (SD)] 6132(31.56) 6142 (31.55) 5414 (32.12) 0.010
LES (%) <0.001
Low (0-49) 14,664,730 (13%) 14,308,056 (13%) 356,674 (24%)
Moderate (50-79) 76,390,803 (69%) 75,463,674 (69%) 927,128 (63%)
High (80-100) 19,147,340 (17%) 18,967,604 (17%) 179,736 (12%)

LES, Life’s Essential 8; PD, Parkinson’ disease; PIR, ratio of family income to poverty; HEI-2015, Healthy Eating Index-2015. Mean (SD) for continuous variables: the p-value was calculated by the weighted Students t-test. Percentages (weighted N, %) for categorical
variables: the p-value was calculated by the weighted chi-square test
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Modell Model 2 Model 3

95% ClI 95% ClI 95% ClI

As continuous (per SD) 1.01 (1.01,1.01) 0.001 1.01 (1.01,1.01) 0.011 1.01 (1.01,1.01) 0.011

InterquartileQuartile Ref. Ref. Ref.

1(1.52—296.47)

Quartile 2(296.47—429.00) 1.33 (0.56, 0.513 1.19 (0.50, 0.689 1.35 (0.56, 0.500
327) 2.94) 3.32)

Quartile 3(429.00-620.00) 1.34 (0.56, 0.513 1.13 (0.47, 0.785 1.34 (0.56, 0.505
3.28) 2.79) 3.31)

Quartile 4(620.00-28397.27) 291 (141, 0.005 235 (1.13, 0.029 2.70 (1.30, 0.011
6.58) 5.36) 6.13)

p-trend 0.002 0.018 0.006

SII, systemic immune-inflammation index; OR, odds ratio; CI, confidence interval. ?The associations between SII levels and the risks of Parkinson’s disease are presented as ORs (95% CI).
Model 1 did not adjust for any covariates. Model 2 adjusted for age (years), gender, race, education level, marital status. Model 3 further adjusted for alcohol use, smoking—cigarette use, body
mass index, sleep disorders, hypertension, diabetes, coronary heart disease, and stroke based on Model 2.
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Modell Model 2 Model 3

95% ClI 95% ClI p- 95% Cl | p-value
value

As continuous (per SD) 1.12 (1.05, 0.003 1.07 (1.02,1.14) 0.002 1.07 (1.02,1.14) 0.006
1.21)

InterquartileQuartile Ref. Ref. Ref.

1(1.52-296.47)

Quartile 2(296.47-429.00) 1.66 (1.08, 0.024 1.42 (0.92, 0.117 1.53 (0.98, 0.059
2.60) 223) 2.40)

Quartile 3(429.00-620.00) 2.16 (1.43, < 0.001 1.67 (1.10, 0.018 1.82 (1.20, < 0.001
3.33) 2.58) 2.82)

Quartile 4(620.00-28397.27) 3.33 227, < 0.001 2.29 (1.55, < 0.001 2.49 (1.69, < 0.001
5.03) 3.47) 3.77)

p-trend < 0.001 <0.001 < 0.001

SII, systemic immune-inflammation index; NHANES, National Health and Nutrition Examination Survey. OR, odds ratio; CI, confidence interval. * The associations between SII levels and
the risks of Parkinson’s disease are presented as ORs (95% CI). Model 1 did not adjust for any covariates. Model 2 adjusted for age (years), gender, race, education level, marital status. Model 3
further adjusted for alcohol use, smoking—cigarette use, body mass index, sleep disorders, hypertension, diabetes, coronary heart disease and stroke based on Model 2.
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ORs (95% CI) p for
interaction

Variable
Gender
Male Ref. 1.28 (0.70, 12.37) 1.66 (0.94, 3.00) 2.08 (1.22, 3.68)* 0.026
Female 1.93 (1.01, 3.87)* 2.25 (1.22, 4.44)* 3.40 (1.91, 6.50)***
Age (years)
<60 Ref. 1.98 (1.01,4.12)* 2.38 (1.24, 4.87)* 3.67 (1.99, 7.31)*** 0.001
> 60 1.20 (0.67, 2.15) 1.43 (0.84, 2.50) 1.78 (1.09, 3.05)*
Race 0.034
Non-Hispanic White Ref. 1.82 (0.95, 3.70) 1.91 (1.03, 3.82) 3.04 (1.71, 5.90)***
Other race 1.20 (0.64,2.22) 1.58 (0.88, 2.86) 1.20 (0.64, 2.24)
Education level
High school and below Ref. 0.85 (0.48, 1.50) 1.01 (0.59, 1.14) 1.49 (0.92,2.47) 0.076
Above high school 3.98 (1.84,9.91)** 472 (2.23, 11.6)*** 5.98 (2.89, 14.5)***
Smoking—cigarette use
Every day or some day Ref. 1.14 (0.61,2.11) 1.30 (0.73, 2.35) 1.54 (0.90, 2.71) 0.161
Not at all 2.19 (1.15, 4.45)* 2.67 (1.4, 5.33)* 3.94 (2.20, 7.70)***
Alcohol use
Yes Ref. 1.75 (0.94, 3.35) 2.14 (1.20, 4.03)* 3.20 (1.86, 5.87)*** 0.001
No 1.33 (0.71,2.53) 1.53 (0.84, 2.86) 1.88 (1.08, 3.41)*
BMI (kg/m?)
Normal ( < 25) Ref. 1.80 (0.97, 3.43) 2.42 (1.37, 4.49)** 3.38 (1.97, 6.12)*** 0.519
Overweight/Obese (>25) 1.19 (0.64,2.27) 1.20 (0.66, 2.25) 1.55 (0.89, 2.83)
Hypertension
Yes Ref. 1.45 (0.83,2.59) 1.40 (0.81, 2.46) 2.08 (1.28, 3.55)** <0.001
No 1.61 (0.79, 3.40) 2,52 (1.32, 5.12)** 3.14 (1.69, 6.27)***
Diabetes
Yes Ref. 0.81 (0.35, 1.89) 0.98 (0.45, 2.21) 0.94 (0.46, 2.60) 0.486
No 1.87 (1.12,3.24)* 2.21 (1.35, 3.75)* 3.31 (2.08, 5.51)***
Stroke
Yes Ref. 1.77 (0.42, 8.76) 2.43 (0.72, 1.10) 2.05 (0.63, 9.15) 0.763
No 1.51 (0.95,2.42) 1.74 (1.12, 2.77)* 2.56 (1.70, 3.96)***
Coronary heart disease
Yes Ref. 1.87 (0.49, 8.95) 0.92 (0.21, 4.60) 1.39 (0.39, 6.42) 0.728
No 1.49 (0.94,2.41) 1.93 (1.25,3.05)** 2.63 (1.75, 4.07)***

SII, systemic immune-inflammation index; OR, odds ratio; CI, confidence interval. “The associations between SII levels and the risks of Parkinson’s disease are presented as ORs (95% CI).
Model adjusted for age (years), gender, race, education level, marital status, alcohol use, smoking—cigarette use, body mass index, sleep disorders, hypertension, diabetes, coronary heart
disease and stroke. *p-value < 0.05, **p-value < 0.01, and ***p-value < 0.001.
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Variables Total SlI

n = 54027
Q1(1.52- Q2(296.47—- Q3(429.00— Q4(620.00-
296.47) 429.00) 620.00) 28397.27)
n = 13507 n = 13509 n = 13514 n = 13497
Weighted sample size 237,198,970 47,270,359 60,053,262 64,244,680 65,630,669
Age (years), mean (SD) 35.08 (24.10) 27.50 (24.46) 34.23 (23.54) 37.79 (23.14) 40.82 (23.17) < 0.001
Age distribution (years), n < 0.001
(%)
<60 42,493 (78.7) 11,333 (83.9) 1,0806 (80.0) 10,410 (77.0) 9,944 (73.7)
> 60 11,534 (21.3) 2,174 (16.1) 2,703 (20.0) 3,104 (23.0) 3,553 (26.3)
Gender (%) 0.509
Male 26,766 (49.5) 7,372 (54.6) 7,010 (51.9) 6,494 (48.1) 5,890 (43.6)
Female 27,261 (50.5) 6,135 (45.4) 6,499 (48.1) 7,020 (51.9) 7,607 (56.4)
Race, n (%) < 0.001
Mexican American 10,070 (18.6) 2,190 (16.2) 2,559 (18.9) 2,687 (19.9) 2,634 (19.5)
Other Hispanic 5,110 (9.5) 1,176 (8.7) 1,352 (10.0) 1,329 (9.8) 1,253 (9.3)
Non-Hispanic White 20,293 (37.6) 3,806 (28.2) 4,920 (36.4) 5,489 (40.6) 6,078 (45.0)
Non-Hispanic Black 12,662 (23.4) 4,773 (35.3) 3,083 (22.8) 2,555 (18.9) 2,251 (16.7)
Other Race - Including 5,892 (10.9) 1,562 (11.6) 1,595 (11.8) 1,454 (10.8) 1,281 (9.5)
Multi-Racial
Education level, 1 (%) 0.353
Less than high school 8,362 (24.5) 1,547 (24.7) 2,072 (24.9) 2,258 (24.2) 2,485 (24.5)
High school or equivalent 7,910 (23.2) 1,460 (23.3) 1,839 (22.1) 2,159 (23.1) 2,452 (24.2)
College or above 17,793 (52.2) 3,267 (52.1) 4,405 (53.0) 4,926 (52.7) 5,195 (51.3)
Marital status, n (%) < 0.001
Married 18,279 (51.4) 3,303 (50.4) 4,623 (53.4) 5,058 (51.8) 5,295 (49.9)
Widowed 4,029 (11.3) 734 (11.2) 890 (10.3) 1,100 (11.3) 1,305 (12.3)
Divorced 4,341 (12.2) 816 (12.4) 1,024 (11.8) 1,168 (12.0) 1,333 (12.6)
Separated 868 (2.4) 136 (2.1) 204 (2.4) 245 (2.5) 283 (2.7)
Never married 6,021 (16.9) 1,186 (18.1) 1,401 (16.2) 1,616 (16.6) 1,818 (17.1)
Living with partner 2,041 (5.7) 385 (5.9) 514 (5.9) 571 (5.9) 571 (5.4)
Ratio of family income to 0.101

poverty, n (%)

< 1.00 13,101 (26.5) 3,609 (29.2) 3,180 (25.7) 3,182 (25.7) 3,130 (25.4)

1.01-3.00 20,317 (41.1) 5,081 (41.1) 5,003 (40.4) 4,934 (39.9) 5,299 (43.0)

> 3.00 16,014 (32.4) 3,680 (29.7) 4,190 (33.9) 4,243 (34.3) 3,901 (31.6)

BMI (kg/m2), mean (SD) 26.24 (7.82) 23.61 (7.25) 25.76 (7.37) 27.13 (7.58) 28.30 (8.25) <0.001
BMI (kg/m?), n (%) < 0.001
<185 8,884 (17.1) 3,870 (31.2) 2,315 (17.6) 1,520 (11.5) 1179 (9.0)

18.5-24.9 15,575 (30.0) 3,768 (30.3) 4,120 (31.4) 4,030 (30.5) 3,657 (27.9)

25.0-29.9 12,958 (25.0) 2,486 (20.0) 3,336 (25.4) 3,558 (27.0) 3,578 (27.3)

>30.0 14,429 (27.8) 2,295 (18.5) 3,362 (25.6) 4,084 (31.0) 4,688 (35.8)

Alcohol use, n (%) < 0.001
Never 7,798 (28.0) 1,482 (28.7) 1,891 (27.3) 2,021 (26.4) 2,404 (29.4)

Past drinker 1,9575 (70.2) 3,598 (69.8) 4,892 (70.7) 5,490 (71.7) 5,595 (68.5)

Current drinker 520 (1.9) 77 (1.5) 133 (1.9) 144 (1.9) 166 (2.0)

Smoking—cigarette use, n (%) 7,047 (46.0) 1,242 (46.4) 1,571 (44.2) 1,945 (46.1) 2,289 (47.0) 0.586
Sleep disorders, n (%) 4,684 (12.3) 861 (12.0) 1,111 (11.8) 1,263 (12.1) 1,449 (12.9) <0.00
Hypertension, n (%)® 1,2475 (32.6) 2,246 (31.3) 2,856 (30.4) 3,389 (32.5) 3,389 (32.5) <0.00
Diabetes, 1 (%)° 4,462 (8.4) 768 (5.8) 1,072 (8.1) 1,146 (8.6) 1,476 (11.2) <0.00
Coronary heart disease, n (%) 1,394 (4.1) 241 (3.8) 307 (3.7) 386 (4.1) 460 (4.6) < 0.00
Stroke, n (%) 1,407 (4.1) 238 (3.8) 273 (3.3) 362 (3.9) 534 (5.3) <0.00
Parkinson’s disease, n (%) 260 (0.5) 32(0.2) 53(0.4) 69 (0.5) 106 (0.8) < 0.00

SII, systemic immune-inflammation index; BMI, body mass index; NHANES, National Health and Nutrition Examination Survey. ¢All estimates accounted for sample weights and complex
survey designs, and percentages and means were adjusted for survey weights of NHANES. ?Hypertension was defined based on self-reported information. ‘Diabetes was defined as self-reported

diabetes (participants who answered “yes” to the question “Has a doctor told you that you have diabetes?”).
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Characteristics C (N =107, PD (N = 197) p value
Age (years) 65.0(59.0:69.0] 67.0(61.0:72.0] 0.146
Sex 0.066
Female 62(57.9%) 91 (46.2%)
Male 45 (42.1%) 106 (53.8%)
Height (cm) 161 (7.05) 161 (8.33) 0579
Weight (kg) 63.5(9.23) 617 (105) 0124
BMI (kg/m2) 24.4(236) 238(3.22) 0131
BMI Group 0567
< 51(47.7%) 105 (53.3%)
24-28 12(11.2%) 23 (11.7%)
528 44 (41.1%) 69 (35.0%)
Education (years) 5.00 (0.006.50] 4.00 (0.00:7.00] 0837
Disease History (years) - 3.00 (2.007.00] -
Smoker 0308
Current 16 (15.0%) 25 (12.7%)
Former 2(1.87%) 11(5.58%)
Never 89 (83.2%) 161 (81.7%)
Drinker 0846
Current 17 (15.9%) 35 (17.8%)
Former 4(3.74%) 6(3.05%)
Never 86 (80.4%) 156 (79.2%)
HP 0001
No 52 (48.6%) 135 (68.5%)
Yes. 55 (51.4%) 62(31.5%)
DM 0807
No 91 (85.0%) 164 (83.2%)
Yes 16 (15.0%) 33 (16.8%)
LEDD - 375 [300;581] =
Related scales
UPDRS - 39.0(28.0:53.0] -
1 - 2.00 (1.00:4.00] =
1 - 11.0 [8.00;16.0] =
1 - 240 (150340 -
v - 2.00 (0.00:4.00] =
H-Y stage - 250 [1.50:3.00] -
MMSE 240 [20526.0] 230 180270 0164
HAMD 3,00 0.005.00] 5.00 3.009.00] <0.001
HAMA 4,00 [1.00:7.00] 9.00 [5.00:13.0] <0.001
RBDQ-HK 400 [1.009.50] 15.0(3.00:34.0) <0.001
ADL 200 (20,020 260 (21.0340] <0.001
Complications
Fall -
No - 154 (84.6%)
Yes - 28 (15.4%)
Dyskinesia -
No - 170 (929%)
Yes - 13 (7.10%)
On-off B
No - 137 (74.9%)
Yes - 46(25.1%)
Cognitive impaired o161
No 72(67.3%) 115 (58.4%)
Yes 35 (32.7%) 82 (41.6%)

Continuous variables were assessed for normality using Kolmogorov-Smirnov test, o variables on normal distribution, results were expressed as the mean + standard deviation (SD) and
compared using the student’ t-test; while data on non-normal distribution, variables were exhibited as median [IQR] and compared using the Mann-Whitney U-test, Categorical variables
were lsted as number (percentage) and compared using the chi-squared test

HC: Healthy Control; PD: Parkinsorss disease; BMI: Body Mass Index; Smoker (Current: people who have smoked continuously or cumulatively for 6 months or more and still smoke a the
time of the survey; Former: people who have smoked for more than 6 months and did not smoke at the time of the survey; Never: people who have smoked for less than 6 months throughout
their lves); Drinker (Current: peaple who have drunk alcohol continuously or cumulatively for 6 months or more and still drink at the time of the survey; Former: people who have drunk
alcohol for more than 6 months and did not drink at the time of the survey; Never: people who have drunk alcohol fo less than 6 months throughout thei livs); HP: hyper blood pressures
DM: diabetes melitus; LEDD: Levodopa Equivalents. UPDRS: unified Parkinson's disease rating scales MMSE: Mini-Mental State Examination; HAMD: Hamilton Depression Scales HAMA:
Hamilton Ansiety Scale; REDQ-HK: REM sleep behavior Disorder questionnaire-Hong Kongs ADL: Activiy of Daily Living Scale; Fall: subjects had a fall within a year; Dyskinesia: subjects
with abnormally increased involuntary movements; On-off: subjects with drug effect fluctuation after long:term use of levodopa. Cognitive impaired: subjects with MMSE scores lower than
cutoffvalue.






