Supplementary Table 1. Baseline characteristics of the training and test datasets used for machine learning analysis
	Variable
	Total
	Training set
	Test set
	P-value

	Number of participants
	2386
	1670
	716
	—

	Age, years
	51.58 ± 15.16
	51.44 ± 15.10
	51.92 ± 15.32
	0.483

	Energy intake, kcal/day
	1516.19 ± 783.71
	1516.16 ± 733.21
	1516.24 ± 891.01
	0.998

	BMI, kg/m²
	23.48 ± 3.17
	23.46 ± 3.13
	23.51 ± 3.26
	0.751

	Fasting glucose, mg/dL
	99.53 ± 24.75
	99.67 ± 25.90
	99.20 ± 21.83
	0.648

	HDL-C, mg/dL
	57.46 ± 14.19
	57.57 ± 14.30
	57.20 ± 13.93
	0.562

	Sex, n (%)
	
	
	
	0.414

	  Men
	582 (24.4)
	399 (23.9)
	183 (25.6)
	

	  Women
	1804 (75.6)
	1271 (76.1)
	533 (74.4)
	

	Education, n (%)
	
	
	
	0.481

	  Low
	292 (12.2)
	208 (12.5)
	84 (11.7)
	

	  Middle
	969 (40.6)
	665 (39.8)
	304 (42.5)
	

	  High
	1125 (47.2)
	797 (47.7)
	328 (45.8)
	

	Income level, n (%)
	
	
	
	0.733

	  Low
	634 (26.6)
	436 (26.1)
	198 (27.7)
	

	  Middle
	944 (39.6)
	664 (39.8)
	280 (39.1)
	

	  High
	808 (33.9)
	570 (34.1)
	238 (33.2)
	

	Physical activity status, n (%)
	
	
	
	0.429

	  Low
	745 (31.2)
	508 (30.4)
	237 (33.1)
	

	  Moderate
	1041 (43.6)
	736 (44.1)
	305 (42.6)
	

	  High
	600 (25.1)
	426 (25.5)
	174 (24.3)
	

	Alcohol drinking status, n (%)
	
	
	
	0.091

	  Never
	1070 (44.9)
	747 (44.8)
	323 (45.1)
	

	  Former
	348 (14.6)
	228 (13.7)
	120 (16.8)
	

	  Current
	967 (40.5)
	694 (41.6)
	273 (38.1)
	

	Smoking status, n (%)
	
	
	
	0.978

	  Never
	1926 (80.8)
	1347 (80.7)
	579 (80.9)
	

	  Former
	241 (10.1)
	170 (10.2)
	71 (9.9)
	

	  Current
	218 (9.1)
	152 (9.1)
	66 (9.2)
	

	Obesity, n (%)
	691 (29.0)
	488 (29.2)
	203 (28.4)
	0.704

	Elevated fasting glucose, n (%)
	775 (32.5)
	543 (32.5)
	232 (32.4)
	0.995

	Low HDL cholesterol, n (%)
	553 (23.2)
	395 (23.7)
	158 (22.1)
	0.431


Data are presented as mean ± SD for continuous variables and n (%) for categorical variables. P-values were calculated using Student’'s t-test for continuous variables and the chi-square test for categorical variables. Elevated fasting glucose and low HDL cholesterol were defined using the binary variables GLU and HDL, respectively.


Supplementary Table 2. Predictive performance of machine-learning models for cardiometabolic outcomes (genus-level analysis).
	Outcome
	Model
	AUC (95% CI) 
	Accuracy
	Precision
	Recall

	Obesity
	Clinical only
	0.659 (0.618–0.700)
	0.648
	0.402
	0.493

	
	hPDI only
	0.501 (0.457–0.544)
	0.506
	0.287
	0.502

	
	Genus only
	0.600 (0.554–0.646)
	0.711
	0.444
	0.079

	
	hPDI + genus
	0.595 (0.549–0.641)
	0.707
	0.426
	0.099

	Elevated fasting glucose
	Clinical only
	0.632 (0.588–0.675)
	0.642
	0.449
	0.453

	
	uPDI only
	0.492 (0.449–0.535)
	0.536
	0.329
	0.414

	
	Genus only
	0.553 (0.507–0.599)
	0.666
	0.387
	0.052

	
	uPDI + genus
	0.565 (0.518–0.611)
	0.666
	0.429
	0.091

	Low HDL cholesterol
	Clinical only
	0.557 (0.505–0.610)
	0.707
	0.319
	0.291

	
	uPDI only
	0.530 (0.492–0.567)
	0.690
	0.268
	0.234

	
	Genus only
	0.539 (0.491–0.588)
	0.784
	0.667
	0.038

	
	uPDI + genus
	0.540 (0.491–0.589)
	0.782
	0.625
	0.032

	
	Clinical only
	0.557 (0.505–0.610)
	0.707
	0.319
	0.291

	
	PDI only
	0.488 (0.460–0.516)
	0.722
	0.203
	0.089

	
	Genus only
	0.539 (0.491–0.588)
	0.784
	0.667
	0.038

	
	PDI + genus
	0.548 (0.499–0.598)
	0.784
	0.667
	0.038




