Supplementary Table 1. GBTM model performance comparison and selection across different cohorts.
	Model
	AIC
	BIC
	Log-Likelihood
	Group
	Sample Size (n)
	Proportion (%)
	Average Posterior Probability

	HRS
	
	
	
	
	
	
	

	1-class
	153,765.6
	153,848.0
	-76,870.80
	
	
	
	

	2-class
	151,327.7
	151,444.4
	-75,646.84
	1
	5,718
	80.80%
	0.922

	
	
	
	
	2
	1,359
	19.20%
	0.828

	3-class
	151,337.7
	151,488.7
	-75,646.84
	1
	2,894
	40.89%
	0.916

	
	
	
	
	2
	260
	3.67%
	0.771

	
	
	
	
	3
	3,923
	55.43%
	0.859

	4-class
	151,347.7
	151,533.0
	-75,646.84
	1
	2364
	33.40%
	0.757

	
	
	
	
	2
	467
	6.60%
	0.723

	
	
	
	
	3
	3,237
	45.74%
	0.783

	
	
	
	
	4
	1,009
	14.26%
	0.899

	Elsa
	
	
	
	
	
	
	

	1-class
	90,522.77
	90,597.93
	-45,249.39
	
	
	
	

	2-class
	88,387.62
	88,525.42
	-44,171.81
	1
	3,197
	82.42%
	0.537

	
	
	
	
	2
	682
	17.58%
	0.537

	3-class
	89,283.72
	89,390.20
	-44,624.86
	1
	270
	6.96%
	0.349

	
	
	
	
	2
	1,479
	38.12%
	0.360

	
	
	
	
	3
	2130
	54.91%
	

	4-class
	88,397.62
	88,566.73
	-44,171.81
	1
	933
	24.05%
	0.318

	
	
	
	
	2
	364
	9.38%
	0.326

	
	
	
	
	3
	1,588
	40.94%
	0.387

	
	
	
	
	4
	994
	25.63%
	0.343

	Charls
	
	
	
	
	
	
	

	1-class
	127,645.8
	127,719.9
	-63,810.91
	
	
	
	

	2-class
	126,693.9
	126,860.6
	-63,319.92
	1
	1,854
	52.24%
	0.989

	
	
	
	
	2
	1,695
	47.76%
	0.926

	3-class
	126,808.9
	126,944.7
	-63,382.43
	1
	2,793
	78.70%
	0.976

	
	
	
	
	2
	331
	9.33%
	0.927

	
	
	
	
	3
	425
	11.98%
	0.867

	4-class
	127,148.2
	127,253.1
	-63,557.08
	1
	2,570
	72.41%
	0.954

	
	
	
	
	2
	258
	7.27%
	0.872

	
	
	
	
	3
	349
	9.83%
	0.876

	
	
	
	
	4
	372
	10.48%
	0.916

	 
	
	
	
	





Supplementary Table 2. Benchmarking performance of the HRS cohort training set.
	Model
	Accuracy
	F Beta
	Area under the ROC curve
	Sensitivity
	Specificity
	Area under the PR curve
	Brier

	Random Forest
	0.736 (0.717-0.755)
	0.764 (0.746-0.782)
	0.797 (0.778-0.816)
	0.867 (0.835-0.900)
	0.609 (0.586-0.632)
	0.730 (0.699-0.761)
	0.173 (0.166-0.179)

	Light GBM
	0.724 (0.702-0.745)
	0.746 (0.722-0.769)
	0.789 (0.771-0.808)
	0.819 (0.791-0.846)
	0.632 (0.599-0.665)
	0.728 (0.690-0.767)
	0.177 (0.168-0.187)

	K-KNN
	0.665 (0.642-0.689)
	0.657 (0.632-0.681)
	0.722 (0.697-0.747)
	0.646 (0.620-0.672)
	0.686 (0.655-0.716)
	0.688 (0.654-0.723)
	0.224 (0.211-0.238)

	Naive Bayes
	0.619 (0.602-0.637)
	0.592 (0.571-0.613)
	0.652 (0.630-0.673)
	0.560 (0.523-0.597)
	0.681 (0.653-0.709)
	0.636 (0.611-0.661)
	0.254 (0.244-0.263)

	SVM
	0.684 (0.659-0.710)
	0.692 (0.666-0.718)
	0.750 (0.722-0.778)
	0.719 (0.680-0.758)
	0.654 (0.628-0.679)
	0.712 (0.681-0.742)
	0.202 (0.191-0.212)

	XGBoost
	0.703 (0.686-0.721)
	0.714 (0.691-0.736)
	0.774 (0.759-0.788)
	0.749 (0.717-0.781)
	0.660 (0.634-0.686)
	0.698 (0.668-0.729)
	0.237 (0.225-0.249)

	CATBoost
	0.725 (0.708-0.742)
	0.755 (0.736-0.773)
	0.800 (0.780-0.819)
	0.855 (0.830-0.881)
	0.598 (0.582-0.615)
	0.742 (0.710-0.774)
	0.170 (0.162-0.178)

	P
	<.001a
	<.001a
	<.001b
	<.001a
	<.001a
	<.001a
	<.001a

	aANOVA test; bKruskal-Wallis
	







[bookmark: _Hlk239623852]Supplementary Table 3. Benchmarking performance of the HRS cohort hold-out validation set.
	Model
	Accuracy
	F Beta
	Area under the ROC curve
	Sensitivity
	Specificity
	Area under the PR curve
	Brier

	Random Forest
	0.739 (0.710-0.769)
	0.773 (0.750-0.797)
	0.778 (0.741-0.816)
	0.874 (0.839-0.909)
	0.598 (0.534-0.662)
	0.713 (0.666-0.759)
	0.181 (0.168-0.193)

	Light GBM
	0.723 (0.700-0.745)
	0.742 (0.719-0.765)
	0.780 (0.750-0.809)
	0.786 (0.745-0.827)
	0.653 (0.588-0.719)
	0.723 (0.684-0.762)
	0.191 (0.177-0.204)

	K-KNN
	0.616 (0.582-0.650)
	0.623 (0.586-0.661)
	0.650 (0.612-0.687)
	0.627 (0.585-0.669)
	0.603 (0.564-0.642)
	0.630 (0.597-0.663)
	0.256 (0.238-0.273)

	Naive Bayes
	0.604 (0.584-0.624)
	0.575 (0.552-0.598)
	0.646 (0.620-0.672)
	0.528 (0.497-0.559)
	0.685 (0.654-0.716)
	0.636 (0.610-0.663)
	0.257 (0.246-0.269)

	SVM
	0.672 (0.649-0.694)
	0.697 (0.674-0.720)
	0.721 (0.686-0.756)
	0.743 (0.716-0.771)
	0.597 (0.560-0.634)
	0.692 (0.647-0.737)
	0.210 (0.199-0.222)

	XGBoost
	0.701 (0.674-0.729)
	0.717 (0.696-0.739)
	0.768 (0.733-0.802)
	0.743 (0.725-0.761)
	0.657 (0.605-0.709)
	0.706 (0.665-0.747)
	0.237 (0.215-0.259)

	CATBoost
	0.732 (0.707-0.758)
	0.761 (0.739-0.784)
	0.786 (0.750-0.823)
	0.841 (0.802-0.879)
	0.618 (0.554-0.682)
	0.728 (0.683-0.774)
	0.177 (0.163-0.191)

	P
	<.001a
	<.001a
	<.001b
	<.001a
	<.001a
	<.001a
	<.001a

	aANOVA test; bKruskal-Wallis
	









Supplementary Table 4. Benchmarking performance of the ELSA cohort training set.
	Model
	Accuracy
	F Beta
	Area under the ROC curve
	Sensitivity
	Specificity
	Area under the PR curve
	Brier

	Random Forest
	0.620 (0.573-0.667)
	0.633 (0.580-0.686)
	0.688 (0.650-0.726)
	0.662 (0.607-0.717)
	0.589 (0.514-0.664)
	0.688 (0.631-0.745)
	0.223 (0.211-0.236)

	Light GBM
	0.629 (0.600-0.659)
	0.629 (0.599-0.659)
	0.680 (0.649-0.710)
	0.634 (0.593-0.674)
	0.629 (0.572-0.687)
	0.701 (0.645-0.757)
	0.241 (0.223-0.258)

	K-KNN
	0.602 (0.552-0.653)
	0.604 (0.540-0.667)
	0.635 (0.599-0.670)
	0.614 (0.550-0.679)
	0.594 (0.540-0.649)
	0.644 (0.585-0.702)
	0.266 (0.244-0.288)

	Naive Bayes
	0.562 (0.523-0.601)
	0.566 (0.510-0.622)
	0.590 (0.536-0.644)
	0.582 (0.500-0.664)
	0.559 (0.489-0.629)
	0.594 (0.505-0.684)
	0.249 (0.238-0.260)

	SVM
	0.602 (0.558-0.646)
	0.618 (0.555-0.680)
	0.633 (0.588-0.678)
	0.656 (0.581-0.731)
	0.554 (0.502-0.606)
	0.624 (0.535-0.713)
	0.241 (0.234-0.248)

	XGBoost
	0.606 (0.580-0.633)
	0.612 (0.566-0.657)
	0.651 (0.629-0.673)
	0.628 (0.583-0.673)
	0.584 (0.539-0.630)
	0.657 (0.603-0.712)
	0.327 (0.310-0.344)

	CATBoost
	0.625 (0.584-0.666)
	0.620 (0.573-0.666)
	0.694 (0.657-0.732)
	0.615 (0.574-0.656)
	0.641 (0.572-0.710)
	0.679 (0.612-0.747)
	0.223 (0.209-0.237)

	P
	<.001a
	<.001a
	<.001b
	<.001a
	<.001a
	<.001a
	

	aANOVA test; bKruskal-Wallis
	









[bookmark: _Hlk239623881]Supplementary Table 5. Benchmarking performance of the ELSA cohort hold-out validation set.
	Model
	Accuracy
	F Beta
	Area under the ROC curve
	Sensitivity
	Specificity
	Area under the PR curve
	Brier

	Random Forest
	0.611 (0.562-0.661)
	0.601 (0.549-0.654)
	0.662 (0.607-0.717)
	0.605 (0.525-0.685)
	0.621 (0.553-0.688)
	0.661 (0.597-0.725)
	0.230 (0.216-0.244)

	Light GBM
	0.593 (0.544-0.642)
	0.577 (0.519-0.635)
	0.636 (0.591-0.682)
	0.572 (0.504-0.640)
	0.616 (0.545-0.687)
	0.635 (0.568-0.702)
	0.254 (0.233-0.274)

	K-KNN
	0.559 (0.517-0.601)
	0.561 (0.514-0.607)
	0.621 (0.560-0.683)
	0.578 (0.525-0.630)
	0.543 (0.494-0.593)
	0.641 (0.566-0.717)
	0.263 (0.240-0.286)

	Naive Bayes
	0.599 (0.553-0.644)
	0.575 (0.503-0.646)
	0.615 (0.559-0.670)
	0.570 (0.463-0.677)
	0.631 (0.584-0.677)
	0.602 (0.564-0.641)
	0.248 (0.232-0.264)

	SVM
	0.593 (0.538-0.647)
	0.537 (0.450-0.624)
	0.599 (0.523-0.676)
	0.497 (0.393-0.601)
	0.684 (0.638-0.729)
	0.624 (0.544-0.705)
	0.243 (0.231-0.255)

	XGBoost
	0.599 (0.557-0.641)
	0.591 (0.533-0.650)
	0.621 (0.587-0.654)
	0.601 (0.526-0.676)
	0.604 (0.536-0.672)
	0.600 (0.537-0.662)
	0.342 (0.313-0.371)

	CATBoost
	0.609 (0.553-0.665)
	0.570 (0.509-0.632)
	0.647 (0.591-0.703)
	0.530 (0.470-0.591)
	0.684 (0.610-0.758)
	0.652 (0.591-0.712)
	0.241 (0.223-0.258)

	P
	<.001a
	<.001a
	<.001b
	<.001a
	<.001a
	<.001a
	<.001a

	aANOVA test; bKruskal-Wallis
	









Supplementary Table 6. Benchmarking performance of the CHARLS cohort training set.
	Model
	Accuracy
	F Beta
	Area under the ROC curve
	Sensitivity
	Specificity
	Area under the PR curve
	Brier

	Random Forest
	0.667 (0.580-0.753)
	0.686 (0.611-0.761)
	0.729 (0.638-0.820)
	0.760 (0.665-0.856)
	0.584 (0.487-0.681)
	0.697 (0.593-0.800)
	0.206 (0.171-0.241)

	Light GBM
	0.646 (0.567-0.724)
	0.635 (0.551-0.719)
	0.717 (0.634-0.799)
	0.655 (0.554-0.756)
	0.655 (0.574-0.737)
	0.709 (0.594-0.823)
	0.228 (0.187-0.268)

	K-KNN
	0.571 (0.471-0.670)
	0.539 (0.431-0.647)
	0.609 (0.479-0.739)
	0.545 (0.398-0.693)
	0.599 (0.510-0.687)
	0.624 (0.499-0.749)
	0.261 (0.204-0.317)

	Naive Bayes
	0.508 (0.469-0.548)
	0.514 (0.462-0.565)
	0.560 (0.506-0.614)
	0.553 (0.486-0.620)
	0.479 (0.355-0.603)
	0.538 (0.424-0.652)
	0.290 (0.255-0.325)

	SVM
	0.542 (0.436-0.648)
	0.506 (0.395-0.617)
	0.610 (0.483-0.738)
	0.511 (0.356-0.666)
	0.586 (0.479-0.692)
	0.625 (0.512-0.738)
	0.251 (0.234-0.267)

	XGBoost
	0.629 (0.552-0.707)
	0.606 (0.514-0.697)
	0.717 (0.651-0.783)
	0.610 (0.510-0.709)
	0.649 (0.556-0.742)
	0.669 (0.576-0.763)
	0.288 (0.234-0.343)

	CATBoost
	0.658 (0.567-0.749)
	0.663 (0.578-0.749)
	0.733 (0.633-0.833)
	0.710 (0.592-0.827)
	0.616 (0.532-0.700)
	0.710 (0.611-0.809)
	0.210 (0.170-0.250)

	P
	<.001a
	<.001a
	<.001b
	<.001a
	<.001a
	<.001a
	<.001a

	aANOVA test; bKruskal-Wallis
	









[bookmark: _Hlk239623909]Supplementary Table 7. Benchmarking performance of the CHARLS cohort hold-out validation set.
	Model
	Accuracy
	F Beta
	Area under the ROC curve
	Sensitivity
	Specificity
	Area under the PR curve
	Brier

	Random Forest
	0.669 (0.574-0.763)
	0.704 (0.616-0.793)
	0.725 (0.592-0.858)
	0.786 (0.672-0.900)
	0.550 (0.393-0.706)
	0.731 (0.610-0.852)
	0.208 (0.173-0.243)

	Light GBM
	0.588 (0.472-0.703)
	0.594 (0.488-0.700)
	0.700 (0.550-0.850)
	0.598 (0.465-0.732)
	0.589 (0.424-0.753)
	0.725 (0.603-0.848)
	0.228 (0.171-0.286)

	K-KNN
	0.569 (0.469-0.669)
	0.551 (0.460-0.641)
	0.614 (0.480-0.747)
	0.529 (0.394-0.665)
	0.625 (0.473-0.776)
	0.687 (0.589-0.786)
	0.277 (0.218-0.335)

	Naive Bayes
	0.500 (0.448-0.552)
	0.290 (0.167-0.413)
	0.532 (0.427-0.638)
	0.219 (0.111-0.327)
	0.789 (0.705-0.874)
	0.581 (0.482-0.679)
	0.320 (0.274-0.366)

	SVM
	0.588 (0.500-0.675)
	0.610 (0.527-0.692)
	0.665 (0.529-0.802)
	0.645 (0.500-0.789)
	0.555 (0.409-0.701)
	0.707 (0.596-0.818)
	0.242 (0.224-0.260)

	XGBoost
	0.681 (0.607-0.756)
	0.686 (0.599-0.772)
	0.749 (0.634-0.864)
	0.705 (0.576-0.835)
	0.671 (0.562-0.780)
	0.740 (0.633-0.847)
	0.249 (0.184-0.314)

	CATBoost
	0.619 (0.551-0.687)
	0.636 (0.561-0.711)
	0.731 (0.605-0.857)
	0.683 (0.524-0.841)
	0.569 (0.421-0.718)
	0.732 (0.618-0.847)
	0.217 (0.178-0.256)

	P
	<.001a
	<.001a
	<.001b
	<.001a
	<.001a
	<.001a
	<.001a

	aANOVA test; bKruskal-Wallis
	









Supplementary Table 8. Proportional hazards assumption test results for Cox regression models across the HRS, ELSA, and CHARLS cohorts
	model
	Variable
	chisq
	df
	p

	Model 1
	class
	0.5140003
	1
	0.473

	Model 1
	GLOBAL
	0.5140003
	1
	0.473

	Model 2
	class
	0.3824236
	1
	0.536

	Model 2
	GLOBAL
	0.6306679
	2
	0.730

	Model 3
	class
	0.3947065
	1
	0.530

	Model 3
	GLOBAL
	2.5364674
	3
	0.469

	Model 4
	class
	0.3888520
	1
	0.533

	Model 4
	GLOBAL
	2.8720901
	4
	0.579

	ELSA
	
	
	
	

	Model 1
	class
	1.98475505990
	1
	0.159

	Model 1
	GLOBAL
	1.98475505990
	1
	0.159

	Model 2
	class
	2.13676401621
	1
	0.144

	Model 2
	GLOBAL
	2.20044441081
	2
	0.333

	Model 3
	class
	2.16955292107
	1
	0.141

	Model 3
	GLOBAL
	3.54670613610
	3
	0.315

	Model 4
	class
	2.18678961166
	1
	0.139

	Model 4
	GLOBAL
	4.37557039312
	4
	0.358

	CHARLS
	
	
	
	

	Model 1
	class
	0.03075818
	1
	0.861

	Model 1
	GLOBAL
	0.03075818
	1
	0.861

	Model 2
	class
	0.03279726
	1
	0.856

	Model 2
	GLOBAL
	1.73367325
	2
	0.420

	Model 3
	class
	0.03290324
	1
	0.856

	Model 3
	GLOBAL
	1.80422242
	3
	0.614

	Model 4
	class
	0.03360467
	1
	0.855

	Model 4
	GLOBAL
	2.30396179
	4
	0.680
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