Table S1. Summary of missing value proportions for covariates.
	Age
	Gender
	Education level

	0.0%
	0.0%
	0.0%

	Residence
	Marital status
	Smoking

	0.1%
	0.0%
	0.0%

	Drinking
	Depression
	BMI

	0.0%
	3.5%
	0.0%

	Waist
	Hypertension
	Diabetes

	0.2%
	0.4%
	2.5%

	Dyslipidemia
	Antihypertensive
	Antidiabetic

	0.0%
	0.0%
	0.0%

	Antidyslipidemic
	MAP
	HbA1c

	0.0%
	0.8%
	0.6%

	Antiheartproblem
	FBG
	WBC

	0.0%
	1.3%
	1.9%

	PLT
	BUN
	Cr

	1.8%
	1.2%
	1.5%

	hs-CRP
	TC
	TG

	2.2%
	1.3%
	1.2%

	HDL-C
	LDL-C
	

	1.2%
	1.4%
	


Abbreviations: MAP, mean arterial pressure; FBG, fasting blood glucose; WBC, white blood cell; PLT, blood platelet; BUN, Blood Urea Nitrogen; Cr, creatinine; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, hemoglobin A1c; hs-CRP, hypersensitive C-reactive protein; BMI, body mass index.


















Table S2. Assessment of multicollinearity using GVIF and adjusted GVIF.
	Characteristics    
	
	GVIF
	
	Df
	
	GVIF^(1/(2*Df))

	Age
	1.324218
	1
	1.150747

	Waist
	1.481922
	1
	1.217342

	MAP
	1.996921
	1
	1.413124

	FBG
	2.420023
	1
	1.555642

	WBC
	1.178808
	1
	1.085729

	PLT
	1.110315
	1
	1.053715

	BUN
	1.100851
	1
	1.049214

	Cr
	1.138664 
	1
	1.067082

	TC
	16.112725
	1
	4.014066

	TG
	6.715872
	1
	2.591500

	HDL-C
	4.056501
	1
	2.014076

	LDL-C
	13.361181
	1
	3.693611

	HbA1c
	1.879357
	1
	1.370896

	hs-CRP
	1.064662
	1
	1.031825

	Residence
	1.181074
	1
	1.086772

	Education level
	1.382628
	3
	1.055482

	Marital status
	1.068622
	1
	1.033742

	Smoking
	1.058184
	1
	1.028681

	Drinking
	1.118822
	1
	1.057744

	Depression
	1.068133
	1
	1.033505

	BMI
	1.564777
	1
	1.250911

	Antihypertensive
	1.283108
	1
	1.132744

	Antidiabetic
	1.384691
	1
	1.176729

	Antidyslipidemic
	1.172682
	1
	1.082905

	Antiheartproblem
	1.093766
	1
	1.045833

	Hypertension
	1.972651
	1
	1.404511

	Diabetes
	1.842794
	1
	1.357495

	Dyslipidemia
	1.655737
	1
	1.286754


Abbreviations: GVIF, generalized variance inflation factor; MAP, mean arterial pressure; FBG, fasting blood glucose; WBC, white blood cell; PLT, blood platelet; BUN, Blood Urea Nitrogen; Cr, creatinine; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, hemoglobin A1c; hs-CRP, hypersensitive C-reactive protein; BMI, body mass index.









Table S3. Baseline characteristics according to BMI phenotype.
	Characteristics
	Normal weight (n = 1,833)
	Overweight/Obesity (n = 342)
	p value

	Age (years)
	61.88 (8.67)
	59.65 (8.10)
	<0.001a

	BMI, kg/m²
	21.43 [20.17, 22.64]
	26.16 [24.97, 27.95]
	<0.001b

	Educational levels, n (%)
	
	
	<0.001#

	No formal education
Primary school
Middle school
High school and above
	661 (36.1)
536 (29.2)
430 (23.5)
206 (11.2)
	257 (24.2)
274 (25.8)
344 (32.5)
185 (17.5)
	

	Marital status, n (%)
	
	
	<0.001#

	  Married
Others
	1651 (90.1)
182 (9.9)
	1015 (95.8)
45 (4.2)
	

	Residence, n (%)
	
	
	<0.001#

	Rural
  Urban
	1579 (86.1)
254 (13.9)
	780 (73.6)
280 (26.4)
	

	Smoking, n (%)
	1445 (78.8)
	738 (69.6)
	<0.001#

	Drinking, n (%)
	1092 (59.6)
	604 (57.0)
	0.185#

	Depression, n (%)
	546 (29.8)
	235 (22.2)
	<0.001#

	Antihypertensive, n (%)
	193 (10.5)
	290 (27.4)
	<0.001#

	Antidiabetic, n (%)
	27 (1.5)
	58 (5.5)
	<0.001#

	Antidyslipidemic, n (%)
	41 (2.2)
	81 (7.6)
	<0.001#

	Antiheartproblem, n (%)
	85 (4.6) 
	82 (7.7)
	<0.001#

	Hypertension, n (%)
	1156 (63.1)
	886 (83.6)
	<0.001#

	Diabetes, n (%)
	234 (12.8)
	235 (22.2)
	<0.001#

	Dyslipidemias, n (%)
	673 (36.7)
	688 (64.9)
	<0.001#

	Waist (cm)
	80.20 [76.10, 85.00]
	93.60 [88.80, 99.00]
	<0.001b

	MAP (mmHg)
	97.33 [88.20, 107.00]
	104.57 [95.27, 113.33]
	<0.001b

	WBC, 109/L
	6.00 [5.00, 7.40]
	6.16 [5.15, 7.50]
	0.069 b

	PLT, 109/L
	198.00 [155.00, 247.00]
	196.50 [156.75, 247.25]
	0.754 b

	TC, mg/dL
	183.25 [161.99, 206.44]
	191.37 [167.01, 215.72]
	<0.001b

	TG, mg/dL
	87.61 [64.61, 128.32]
	123.90 [87.61, 188.51]
	<0.001b

	FBG, mg/dL
	100.98 [92.88, 110.52
	105.66 [97.15, 118.85]
	<0.001b

	Cr, mg/dL
	0.85 [0.75, 0.96]
	0.88 [0.78, 0.98]
	<0.001b

	HDL-C, mg/dL
	51.80 [42.53, 62.63]
	42.53 [34.79, 51.42]
	<0.001b

	LDL-C, mg/dL
	108.63 [89.30, 129.51]
	115.59 [94.33, 138.02]
	<0.001b

	HbA1c, %
	5.10 [4.80, 5.40]
	5.20 [4.90, 5.50]
	<0.001b

	hs-CRP, mg/L
	0.91 [0.51, 2.02] 
	1.25 [0.69, 2.31]
	<0.001b

	BPH, n (%)
	
	
	<0.001#

	BPH
Non-BPH
	176 (9.6)
1657 (90.4) 
	153 (14.4)
907 (85.6)
	


Abbreviations: MHNW, metabolically healthy normal weight; MHOO, metabolically healthy overweight/obesity; MUNW, metabolically unhealthy normal weight; MUOO, metabolically unhealthy overweight/obesity; MAP, mean arterial pressure; FBG, fasting blood glucose; WBC, white blood cell; PLT, blood platelet; BUN, Blood Urea Nitrogen; Cr, creatinine; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, hemoglobin A1c; hs-CRP, hypersensitive C-reactive protein; BMI, body mass index.
a Represents one-way ANOVA test; 
b Represents Kruskal–Wallis test; 
# Represents the chi‐square test;







































Table S4. Baseline characteristics according to metabolic status.
	Characteristics
	Healthy (n = 1,038)
	Unhealthy (n = 1,855)
	p value

	Age (years)
	60.83 (8.60)
	61.19 (8.49)
	0.267a

	BMI, kg/m2
	21.81 [20.37, 23.74]
	23.63 [21.41, 26.08]
	<0.001b

	Educational levels, n (%)
	
	
	0.945#

	  No formal education
  Primary school
  Middle school
  High school and above
	330 (31.8)
290 (27.9)
273 (26.3)
145 (14.0)
	588 (31.7)
520 (28.0) 
501 (27.0)
246 (13.3)
	

	Marital status, n (%)
	
	
	0.115#

	  Married
  Others
	968 (93.3)
70 (6.7)
	1698 (91.5)
157 (8.5)
	

	Residence, n (%)
	
	
	<0.001#

	  Rural
Urban
	901 (86.8)
137 (13.2)
	1458 (78.6)
397 (21.4)
	

	Smoking, n (%)
	801 (77.2)
	1382 (74.5)
	0.120#

	Drinking, n (%)
	637 (61.4)
	1059 (57.1)
	0.028#

	Depression, n (%)
	302 (29.1)
	479 (25.8) 
	0.063#  

	Antihypertensive, n (%)
	86 (8.3)
	397 (21.4)
	<0.001#

	Antidiabetic, n (%)
	6 (0.6)
	79 (4.3)
	<0.001#

	Antidyslipidemic, n (%)
	0 (0.0)
	122 (6.6)
	<0.001#

	Antiheartproblem, n (%)
	43 (4.1)
	124 (6.7)
	0.006#

	Hypertension, n (%)
	526 (50.7)
	1516 (81.7)
	<0.001#

	Diabetes, n (%)
	44 (4.2)
	425 (22.9)
	<0.001#

	Dyslipidemia, n (%)
	139 (13.4)
	1222 (65.9)
	<0.001#

	Waist (cm)
	81.40 [76.60, 87.00]
	87.00 [80.00, 94.00]
	<0.001b

	MAP (mmHg)
	92.73 [84.67, 104.77]
	102.93 [94.67, 111.93]
	<0.001b

	WBC, 109/L
	5.88 [4.90, 7.10]
	6.20 [5.20, 7.50]
	<0.001b

	PLT, 109/L
	195.00 [151.00, 244.00]
	199.00 [158.00, 249.50]
	0.063b

	TC, mg/dL
	180.54 [161.60, 203.74]
	188.66 [165.08, 214.18]
	<0.001b

	TG, mg/dL
	79.21 [62.83, 103.54]
	119.47 [80.54, 182.31]
	<0.001b

	FBG, mg/dL
	94.50 [88.60, 98.59]
	107.64 [101.25, 121.05]
	<0.001b

	Cr, mg/dL
	0.85 [0.75, 0.95]
	0.87 [0.77, 0.97]
	<0.001b

	HDL-C, mg/dL
	53.74 [46.78, 63.40]
	43.69 [35.57, 54.90]
	<0.001b

	LDL-C, mg/dL
	107.86 [90.46, 129.12]
	113.27 [91.24, 135.31]
	0.010b

	HbA1c, %
	5.00 [4.80, 5.30]
	5.20 [4.90, 5.50]
	<0.001b

	hs-CRP, mg/dL
	0.87 [0.48, 1.79]
	1.15 [0.62, 2.40]
	<0.001b

	BPH, n (%)
	
	
	0.297#

	BPH
  Non-BPH
	109 (10.5)
929 (89.5)
	220 (11.9)
1635 (88.1)
	


[bookmark: _Hlk234612445]Abbreviations: MHNW, metabolically healthy normal weight; MHOO, metabolically healthy overweight/obesity; MUNW, metabolically unhealthy normal weight; MUOO, metabolically unhealthy overweight/obesity; MAP, mean arterial pressure; FBG, fasting blood glucose; WBC, white blood cell; PLT, blood platelet; BUN, Blood Urea Nitrogen; Cr, creatinine; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, hemoglobin A1c; hs-CRP, hypersensitive C-reactive protein; BMI, body mass index.
a Represents one-way ANOVA test; 
b Represents Kruskal–Wallis test; 
# Represents the chi‐square test;







































Table S5. Multivariable Cox regression analysis for the associations of BMI-metabolic phenotypes with the BPH/LUTS incidence.
	Categories
	Model 1
	
	Model 2
	
	Model 3
	

	
	HR (95% CI)
	P value
	HR (95% CI)
	P value
	HR (95% CI)
	P value

	MHNW
	Reference
	
	Reference
	
	Reference
	

	MUNW
	1.14 (0.84-1.53)
	0.405
	1.10 (0.82-1.49)
	0.519
	1.10 (0.82-1.49)
	0.520

	MHOO
	1.88 (1.26-2.80)
	0.002
	1.92 (1.28-2.87)
	0.002
	1.91 (1.28-2.86)
	0.002

	MUOO
	1.60 (1.20-2.15)
	0.002
	1.49 (1.11-2.01)
	0.008
	1.49 (1.10-2.01)
	0.009

	P for trend
	
	<0.001
	
	0.002
	
	0.002


[bookmark: _Hlk234696593]Abbreviations: MHNW, metabolically healthy normal weight; MHOO, metabolically healthy overweight/obesity; MUNW, metabolically unhealthy normal weight; MUOO, metabolically unhealthy overweight/obesity; BMI, body mass index; BPH, benign prostatic hyperplasia; LUTS, lower urinary tract symptoms.
Model 1: Unadjusted.
Model 2: Adjusted for age, residence, education level, and marital status.
Model 3: Adjusted for Model 2 covariates plus smoking, drinking, and hs-CRP.





























[bookmark: _Hlk234696217]Table S6. Multivariable Cox regression analysis for the association of BMI phenotype and metabolic phenotype with BPH/LUTS incidence.
	Exposure
	Comparison
	Model 1
	P value
	Model 2
	P value
	Model 3
	P value

	BMI phenotype
	Overweight/Obesity vs Normal
	1.54 (1.24–1.92)
	<0.001
	1.49 (1.19–1.86)
	<0.001
	1.49 (1.19–1.86)
	<0.001

	Metabolic phenotype
	Unhealthy vs Healthy
	1.14 (0.90–1.43)
	0.277
	1.07 (0.85–1.35)
	0.543
	1.07 (0.85–1.35)
	0.555


[bookmark: _Hlk234696699]Abbreviations: BMI, body mass index; BPH, benign prostatic hyperplasia; LUTS, lower urinary tract symptoms.
Model 1: Unadjusted.
Model 2: Adjusted for age, residence, education level, and marital status.
Model 3: Adjusted for Model 2 covariates plus smoking, drinking, and hs-CRP.










Table S7. Pairwise comparisons of AUCs between different Cox regression models for predicting BPH/LUTS risk at 2‑year and 4‑year time points using DeLong tests.
	Time point
	Comparison
	aAUC difference
	Z statistic
	bp value

	2‑year
	Combined vs Covariates
Combined vs BMI-metabolic phenotype
Combined vs hs-CRP
BMI-metabolic phenotype vs hs-CRP
	0.0157
-0.0011
0.0170
0.0182
	1.552
-1.407
1.687
1.794
	0.1207
0.1593
0.0915
0.0729

	4‑year
	Combined vs Covariates
Combined vs BMI-metabolic phenotype
Combined vs hs-CRP
BMI-metabolic phenotype vs hs-CRP
	0.0156
-0.0005
0.0161
0.0165
	2.122
-0.636
2.204
2.262
	0.0338
0.5251
0.0275
0.0237


Abbreviations: AUC, area under the curve; BPH, benign prostatic hyperplasia; LUTS, lower urinary tract symptoms; BMI, body mass index.
a A positive AUC difference indicates that the first model in the comparison has a higher AUC than the second model.
b P values are from DeLong tests for paired ROC curves. Bonferroni correction for 8 comparisons yielded a significance threshold of α = 0.00625; after correction, no comparison remained statistically significant.










Table S8. Sensitivity analysis of multivariable Cox regression analysis for the associations of BMI-metabolic phenotypes with the BPH/LUTS incidence based on non-imputed completed-case data.
	Categories
	Model 1
	
	Model 2
	
	Model 3
	

	
	HR (95% CI)
	P value
	HR (95% CI)
	P value
	HR (95% CI)
	P value

	MHNW
	Reference
	
	Reference
	
	Reference
	

	MUNW
	1.14 (0.84-1.53)
	0.405
	1.10 (0.82-1.49)
	0.519
	1.09 (0.80-1.47)
	0.591

	MHOO
	1.88 (1.26-2.80)
	0.002
	1.93 (1.29-2.88)
	0.001
	1.96 (1.31-2.93)
	0.001

	MUOO
	1.60 (1.20-2.15)
	0.002
	1.49 (1.11-2.01)
	0.008
	1.47 (1.09-1.98)
	0.012

	P for trend
	
	<0.001
	
	0.002
	
	0.003


Abbreviations: MHNW, metabolically healthy normal weight; MHOO, metabolically healthy overweight/obesity; MUNW, metabolically unhealthy normal weight; MUOO, metabolically unhealthy overweight/obesity; BMI, body mass index; BPH, benign prostatic hyperplasia; LUTS, lower urinary tract symptoms.
Model 1: Unadjusted.
Model 2: Adjusted for age, residence, education level, and marital status.
Model 3: Adjusted for Model 2 covariates plus smoking, drinking, and hs-CRP.





























Table S9. Sensitivity analysis of multivariable Cox regression analysis for the associations of BMI-metabolic phenotypes (defined by the CDS 2020 criteria) with the BPH/LUTS incidence based on non-imputed completed-case data.
	Categories
	Model 1
	
	Model 2
	
	Model 3
	

	
	HR (95% CI)
	P value
	HR (95% CI)
	P value
	HR (95% CI)
	P value

	MHNW
	Reference
	
	Reference
	
	Reference
	

	MUNW
	1.12 (0.75-1.66)
	0.584
	1.08 (0.72-1.61)
	0.706
	1.08 (0.72-1.61)
	0.720

	MHOO
	1.64 (1.24-2.19)
	<0.001
	1.60 (1.20-2.14)
	0.001
	1.60 (1.20-2.14)
	0.002

	MUOO
	1.51 (1.16-1.98)
	0.003
	1.44 (1.09-1.89)
	0.010
	1.43 (1.08-1.98)
	0.012

	P for trend
	
	<0.001
	
	0.002
	
	0.002


Abbreviations: MHNW, metabolically healthy normal weight; MHOO, metabolically healthy overweight/obesity; MUNW, metabolically unhealthy normal weight; MUOO, metabolically unhealthy overweight/obesity; BMI, body mass index; BPH, benign prostatic hyperplasia; LUTS, lower urinary tract symptoms; CDS, the Chinese Diabetes Society.
Model 1: Unadjusted.
Model 2: Adjusted for age, residence, education level, and marital status.
Model 3: Adjusted for Model 2 covariates plus smoking, drinking, and hs-CRP.



























Table S10. Lag sensitivity analysis of multivariable Cox regression analysis for the associations of BMI-metabolic phenotypes with the BPH/LUTS incidence after excluding early events in 2013.
	Categories
	Model 1
	
	Model 2
	
	Model 3
	

	
	HR (95% CI)
	P value
	HR (95% CI)
	P value
	HR (95% CI)
	P value

	MHNW
	Reference
	
	Reference
	
	Reference
	

	MUNW
	1.06 (0.68-1.65)
	0.790
	1.04 (0.67-1.62)
	0.856
	1.04 (0.67-1.62)
	0.859

	MHOO
	1.45 (0.77-2.74)
	0.254
	1.52 (0.80-2.89)
	0.201
	1.53 (0.80-2.91)
	0.196

	MUOO
	1.65 (1.08-2.52)
	0.019
	1.63 (1.06-2.50)
	0.026
	1.65 (1.08-2.55)
	0.022

	P for trend
	
	0.007
	
	0.010
	
	0.008


Abbreviations: MHNW, metabolically healthy normal weight; MHOO, metabolically healthy overweight/obesity; MUNW, metabolically unhealthy normal weight; MUOO, metabolically unhealthy overweight/obesity; BMI, body mass index; BPH, benign prostatic hyperplasia; LUTS, lower urinary tract symptoms.
Model 1: Unadjusted.
Model 2: Adjusted for age, residence, education level, and marital status.
Model 3: Adjusted for Model 2 covariates plus smoking, drinking, and hs-CRP.



