Table 1. Baseline Characteristics of Study Participants

	Variable
	Total (n=213)
	Control (n=110)
	PD (n=103)
	P-value

	Age, year
	66.1 ± 10.8
	65.7 ± 11.3
	66.5 ± 10.2
	0.611

	BMI, kg/m2
	23.8 ± 3.3
	24.6 ± 3.2
	22.9 ± 3.3
	<0.001

	Obesity (BMI≥25), n (%)
	69 (32.4)
	46 (41.8)
	23 (22.3)
	0.002

	Age at menarche, year
	14.5 ± 1.9
	14.2 ± 1.8
	14.7 ± 1.9
	0.029

	Menopausal status, n (%)
	
	
	
	0.074

	— premenopausal
	21 (9.9)
	13 (11.8)
	8 (7.8)
	

	— menopause before age 45
	23 (10.8)
	7 (6.4)
	16 (15.5)
	

	— menopause at age 45 or older 
	169 (79.3)
	90 (81.8)
	79 (76.7)
	

	Gynecological surgery, n (%)
	118 (55.4)
	53 (48.2)
	65 (63.1)
	0.029

	Prolactin, , μg/L
	8.0 (4.8, 13.2)
	10.8 (7.1, 15.4)
	5.4 (1.8, 9.2)
	<0.001

	Estradiol, pg/mL
	17.5 (17.5, 28.0)
	17.5 (7.5, 24.8)
	20.0 (17.5, 28.0)
	0.001

	TT3, nmol/L
	1.3 ± 0.3
	1.3 ± 0.3
	1.4 ± 0.3
	0.002

	FT3, pmol/L
	3.8 ± 0.6
	3.7 ± 0.5
	4.0 ± 0.7
	0.002

	HDL-C, mmol/L
	1.3 ± 0.4
	1.2 ± 0.3
	1.4 ± 0.4
	<0.001

	Low HDL-C, n (%)
	40 (18.8)
	29 (26.4)
	11 (10.7)
	0.003

	TG, mmol/L
	1.6 ± 1.0
	1.5 ± 0.9
	1.6 ± 1.1
	0.584

	Fasting glucose, mmol/L
	6.4 ± 2.2
	6.7 ± 2.6
	6.2 ± 1.5
	0.125

	MetS score
	1.4 ± 1.0
	1.5 ± 1.0
	1.2 ± 0.9
	0.020

	MetS (≥3 components), n (%)
	27 (12.7)
	13 (11.8)
	10 (9.7)
	0.211


Abbreviations: PD, Parkinson‘s disease; SD, standard deviation; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; T3, triiodothyronine; FT3, free triiodothyronine; TSH, thyroid-stimulating hormone; MetS, metabolic syndrome.

Table 2. Univariate Logistic Regression for Factors Associated with PD

	Variable
	OR (95% CI)
	P-value

	Age
	1.01 (0.98–1.03)
	0.609

	BMI
	0.84 (0.77–0.92)
	<0.001

	Obesity
	0.40 (0.22–0.73)
	0.003

	Age at menarche
	1.18 (1.01–1.37)
	0.031

	Menopause ≥45 years (ref: premenopausal)
	1.52 (0.60–3.84)
	0.379

	Menopause <45 years (ref: premenopausal)
	2.71 (0.71–10.36)
	0.146

	Menstrual cycle length
	1.13 (1.01–1.27)
	0.030

	Menstrual duration
	1.05 (0.86–1.28)
	0.615

	Gynecological surgery
	1.84 (1.06–3.18)
	0.029

	Dysmenorrhea
	1.69 (0.95–2.99)
	0.074

	LH
	1.02 (1.00–1.04)
	0.058

	FSH
	1.01 (1.00–1.02)
	0.136

	Prolactin
	0.96 (0.93–1.00)
	0.063

	Progesterone
	0.71 (0.48–1.05)
	0.088

	Estradiol
	1.01 (1.00–1.02)
	0.249

	Testosterone
	1.01 (0.99–1.02)
	0.401

	T3
	4.67 (1.70–12.80)
	0.003

	T4
	0.99 (0.98–1.01)
	0.409

	FT3
	2.06 (1.28–3.31)
	0.003

	FT4
	1.10 (0.98–1.23)
	0.099

	TSH
	1.03 (0.95–1.12)
	0.512

	Triglycerides
	1.08 (0.83–1.41)
	0.583

	tg_high
	1.05 (0.58–1.89)
	0.872

	HDL-C
	5.55 (2.25–13.66)
	<0.001

	Low HDL-C
	0.33 (0.16–0.71)
	0.004

	Fasting glucose
	0.90 (0.79–1.03)
	0.132

	glu_high
	1.11 (0.65–1.91)
	0.695

	MetS (binary)
	0.59 (0.26–1.35)
	0.211

	MetS score (continuous)
	0.72 (0.54–0.95)
	0.022


Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body mass index; T3, triiodothyronine; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid-stimulating hormone; HDL-C, high-density lipoprotein cholesterol; MetS, metabolic syndrome.

Table 3. Multivariable Logistic Regression – MetS and PD Risk

	Variable
	n.total
	n.event (%)
	Crude OR (95% CI)
	Crude P
	Model 1
	Model 2

	
	
	
	
	
	OR (95% CI)
	P
	OR (95% CI)
	P

	MetS score (continuous)
	213
	103 (48.4)
	0.72 (0.54–0.95)
	0.022
	0.72 (0.54–0.95)
	0.021
	0.71 (0.52–0.95)
	0.023

	MetS (binary)
	
	
	
	
	
	
	
	

	— No
	186
	93 (50.0)
	1 (Ref)
	
	1 (Ref)
	
	1 (Ref)
	

	— Yes
	27
	10 (37.0)
	0.59 (0.26–1.35)
	0.211
	0.59 (0.25–1.35)
	0.208
	0.55 (0.23–1.35)
	0.194


Model 1: Adjusted for age. 

Model 2: Adjusted for age, menopausal status, gynecological surgery, menstrual cycle length, age at menarche, prolactin, progesterone, and estradiol.

Abbreviations: MetS, metabolic syndrome; OR, odds ratio; CI, confidence interval; Ref, reference.

Table 4. Dose-Response Association Between MetS Score and PD

	MetS Score
	n.total
	n.event (%)
	Crude OR (95% CI)
	Crude P
	Model 1 OR (95% CI)
	Model 1 P
	Model 2 OR (95% CI)
	Model 2 P

	0
	49
	25 (51.0)
	1 (Ref)
	
	1 (Ref)
	
	1 (Ref)
	

	1
	68
	44 (64.7)
	1.76 (0.83–3.72)
	0.139
	1.75 (0.82–3.70)
	0.147
	1.46 (0.65–3.28)
	0.366

	2
	69
	24 (34.8)
	0.51 (0.24–1.08)
	0.079
	0.51 (0.24–1.08)
	0.079
	0.48 (0.21–1.08)
	0.077

	3
	25
	9 (36.0)
	0.54 (0.20–1.45)
	0.223
	0.54 (0.20–1.45)
	0.219
	0.47 (0.16–1.39)
	0.174

	4
	2
	1 (50.0)
	0.96 (0.06–16.23)
	0.977
	0.95 (0.06–16.06)
	0.970
	0.92 (0.05–17.27)
	0.954

	Trend test
	213
	103 (48.4)
	0.72 (0.54–0.95)
	0.022
	0.72 (0.54–0.95)
	0.021
	0.71 (0.52–0.95)
	0.023


Model 1: Adjusted for age. 

Model 2: Adjusted for age, menopausal status, gynecological surgery, menstrual cycle length, age at menarche, prolactin, progesterone, and estradiol.
Abbreviations: MetS, metabolic syndrome; OR, odds ratio; CI, confidence interval; Ref, reference.

Table 5. Subgroup Analysis by Menopausal Status

	Subgroup
	Variable
	n.total
	n.event (%)
	OR (95% CI)*
	P-value
	P for interaction

	Premenopausal
	
	
	
	
	
	

	
	MetS score (continuous)
	21
	8 (38.1)
	1.30 (0.55–3.06)
	0.555
	0.097

	
	MetS (binary, ref: no)
	19
	7 (36.8)
	1 (Ref)
	
	0.759

	
	MetS (yes)
	2
	1 (50.0)
	1.84 (0.09–35.89)
	0.688
	

	Menopause ≥45 years
	
	
	
	
	
	

	
	MetS score (continuous)
	176
	85 (48.3)
	0.61 (0.44–0.84)
	0.003
	

	
	MetS (ref: no)
	153
	77 (50.3)
	1 (Ref)
	
	

	
	MetS (yes)
	23
	8 (34.8)
	0.53 (0.21–1.31)
	0.168
	

	Menopause <45 years
	
	
	
	
	
	

	
	MetS score (continuous)
	16
	10 (62.5)
	0.92 (0.24–3.49)
	0.901
	

	
	MetS (ref: no)
	14
	9 (64.3)
	1 (Ref)
	
	

	
	MetS (yes)
	2
	1 (50.0)
	0.42 (0.02–10.04)
	0.593
	


Adjusted for age. 

P for interaction (continuous MetS score × menopausal status) = 0.097; P for interaction (binary MetS × menopausal status) = 0.759.
Abbreviations: MetS, metabolic syndrome; OR, odds ratio; CI, confidence interval; Ref, reference.

Table 6. Disease Duration-Stratified Sensitivity Analysis 

	Variable
	n
	β (95% CI)
	P value

	control
	110
	0(Ref)
	

	PD early (≤3 years)
	44
	-0.37 (-0.72~-0.03)
	0.035

	PD mid (>3 to ≤7 years)
	31
	-0.16 (-0.55~0.24)
	0.435

	PD late (>7 years)
	28
	-0.4 (-0.81~0.01)
	0.056

	Trend.test
	213
	-0.12 (-0.25~0)
	0.05


Age-adjusted linear regression models with MetS score as the dependent variable.
Abbreviations: PD, Parkinson's disease; MetS, metabolic syndrome; CI, confidence interval.

Table 7. Mediation Analysis of Estradiol in the Association Between MetS Score and PD Risk

	Effect
	Bootstrap Estimate (95% CI)
	Bootstrap P-value

	Total effect (MetS → PD)
	−0.0811 (−0.1464 to −0.0199)
	0.008

	Direct effect (MetS → PD, adjusted for E2)
	−0.0755 (−0.1430 to −0.0119)
	0.014

	Indirect effect (MetS → E2 → PD)
	−0.0056 (−0.0198 to 0.0059)
	0.338

	Proportion mediated
	6.9% (−8.6% to 38.0%)
	0.342


Bootstrap mediation analysis with 2,000 resamples, adjusted for age and menopausal status.

Abbreviations: MetS, metabolic syndrome; PD, Parkinson's disease; E2, estradiol; CI, confidence interval.

Table 8.  Clinical Characteristics of PD Patients by MetS Status

	Variable
	Total (n=103)
	MetS- (n=93)
	MetS+ (n=10)
	P-value

	Age, year
	66.5 ± 10.2
	66.2 ± 10.0
	68.7 ± 12.1
	0.471

	BMI, kg/m2
	22.9 ± 3.3
	22.5 ± 3.0
	25.9 ± 4.2
	0.002

	PD duration,year
	5.2 ± 3.9
	4.9 ± 3.9
	7.3 ± 3.5
	0.071

	Age at onset, year
	61.3 ± 11.0
	61.3 ± 10.8
	61.4 ± 13.5
	0.978

	UPDRS-III, score
	35.2 ± 16.9
	34.4 ± 16.9
	42.6 ± 15.4
	0.145

	H-Y stage
	2.5 (1.5–3.0)
	2.5 (1.5–3.0)
	2.5 (2.0–3.0)
	0.416

	MMSE
	24.8 ± 5.1
	24.9 ± 5.1
	24.3 ± 4.8
	0.723

	MOCA
	20.3 ± 6.1
	20.5 ± 6.2
	18.7 ± 5.2
	0.373

	NMS
	54.0 ± 35.9
	54.0 ± 35.7
	53.8 ± 39.2
	0.987

	HAMA
	9.2 ± 6.7
	9.4 ± 6.7
	7.8 ± 7.6
	0.490

	HAMD
	10.3 ± 7.6
	10.5 ± 7.5
	9.3 ± 8.2
	0.650


Abbreviations: PD, Parkinson‘s disease; MetS, metabolic syndrome; SD, standard deviation; BMI, body mass index; UPDRS-III, Unified Parkinson’s Disease Rating Scale Part III; H-Y, Hoehn and Yahr; MMSE, Mini-Mental State Examination; MOCA, Montreal Cognitive Assessment; NMS, Non-Motor Symptoms Scale; HAMA, Hamilton Anxiety Scale; HAMD, Hamilton Depression Scale.

Table 9. Linear Regression: MetS and PD Severity Outcomes

	Outcome
	Variable
	n
	Crude β (95% CI)
	Crude P
	Adjusted β (95% CI)*
	Adjusted P

	UPDRS-III
	
	
	
	
	
	

	
	MetS score (continuous)
	103
	0.83 (-2.66 to 4.33)
	0.641
	0.84 (-2.46 to 4.14)
	0.619

	
	MetS (ref: no)
	93
	0 (Ref)
	
	0 (Ref)
	

	
	MetS (yes)
	10
	8.20 (-2.74 to 19.15)
	0.145
	4.34 (-6.28 to 14.96)
	0.425

	NMS
	
	
	
	
	
	

	
	MetS score (continuous)
	103
	-3.23 (-10.81 to 4.34)
	0.405
	-3.19 (-10.49 to 4.11)
	0.393

	
	MetS (ref: no)
	93
	0 (Ref)
	
	0 (Ref)
	

	
	MetS (yes)
	10
	-3.79 (-27.80 to 20.22)
	0.758
	-11.31 (-34.79 to 12.18)
	0.348

	MOCA
	
	
	
	
	
	

	
	MetS score (continuous)
	103
	-0.35 (-1.62 to 0.91)
	0.585
	-0.41 (-1.60 to 0.77)
	0.495

	
	MetS (ref: no)
	93
	0 (Ref)
	
	0 (Ref)
	

	
	MetS (yes)
	10
	-1.83 (-5.82 to 2.17)
	0.373
	-1.84 (-5.66 to 1.97)
	0.346

	HAMA
	
	
	
	
	
	

	
	MetS score (continuous)
	103
	-0.78 (-2.17 to 0.61)
	0.275
	-0.77 (-2.09 to 0.56)
	0.259

	
	MetS (ref: no)
	93
	0 (Ref)
	
	0 (Ref)
	

	
	MetS (yes)
	10
	-1.55 (-5.96 to 2.85)
	0.490
	-2.73 (-6.98 to 1.52)
	0.211


Adjusted for age, disease duration, and estradiol.
Abbreviations: MetS, metabolic syndrome; UPDRS-III, Unified Parkinson’s Disease Rating Scale Part III; NMS, Non-Motor Symptoms Scale; MOCA, Montreal Cognitive Assessment; HAMA, Hamilton Anxiety Scale; CI, confidence interval; Ref, reference.

Table 10. Sensitivity Analysis Excluding Extreme Values

	Outcome
	Variable
	n
	Crude β (95% CI)
	Crude P
	Adjusted β (95% CI)*
	Adjusted P

	UPDRS-III
	
	
	
	
	
	

	
	MetS score (continuous)
	99
	1.15 (-2.00 to 4.30)
	0.477
	1.09 (-1.86 to 4.05)
	0.470

	
	MetS ( no)
	89
	0 (Ref)
	
	0 (Ref)
	

	
	MetS (yes)
	10
	9.80 (0.01–19.59)
	0.053
	5.82 (-3.75 to 15.39)
	0.236

	NMS
	
	
	
	
	
	

	
	MetS score (continuous)
	99
	-2.89 (-10.42 to 4.63)
	0.453
	-2.94 (-10.25 to 4.37)
	0.433

	
	MetS (no)
	89
	0 (Ref)
	
	0 (Ref)
	

	
	MetS (yes)
	10
	-2.08 (-25.94 to 21.78)
	0.865
	-9.74 (-33.50 to 14.03)
	0.424

	MOCA
	
	
	
	
	
	

	
	MetS score (continuous)
	99
	-0.34 (-1.63 to 0.94)
	0.602
	-0.41 (-1.62 to 0.80)
	0.505

	
	MetS ( no)
	89
	0 (Ref)
	
	0 (Ref)
	

	
	MetS (yes)
	10
	-1.77 (-5.83 to 2.28)
	0.394
	-1.91 (-5.83 to 2.02)
	0.344

	HAMA
	
	
	
	
	
	

	
	MetS score (continuous)
	99
	-0.74 (-2.13 to 0.65)
	0.299
	-0.73 (-2.06 to 0.60)
	0.286

	
	MetS ( no)
	89
	0 (Ref)
	
	0 (Ref)
	

	
	MetS (yes)
	10
	-1.37 (-5.78 to 3.05)
	0.545
	-2.50 (-6.82 to 1.82)
	0.259


Excluded: 2 patients with UPDRS-III > 80 and 2 patients with disease duration > 15 years.

Adjusted for age, disease duration, and estradiol.
Abbreviations: MetS, metabolic syndrome; UPDRS-III, Unified Parkinson‘s Disease Rating Scale Part III; NMS, Non-Motor Symptoms Scale; MOCA, Montreal Cognitive Assessment; HAMA, Hamilton Anxiety Scale; CI, confidence interval; Ref, reference.

Supplementary Table 1. Mediation Analysis of Estradiol in the Association Between MetS Score and PD Risk  (Delta)
	Item
	Estimate(95% CI)  
	P value

	Total Effect (MetS → PD)
	-0.0797(-0.1412 to -0.0165)
	0.02

	Direct effect (MetS → PD, adjusted for E2)
	-0.0743(-0.136 to -0.0133)
	0.03

	Indirect effect (MetS → E2 → PD)
	-0.0054(-0.0187 to 0.0046)
	0.3

	Proportion of Mediated
	5.7%( -8.6% to 33.9%)
	0.316


Abbreviations: MetS, metabolic syndrome; PD, Parkinson's disease; E2, estradiol; CI, confidence interval
