Supplementary Table 1 Model fit indices for GBTM trajectory selection across different cohorts.
	Model
	AIC
	BIC
	Log-Likelihood

	HRS
	
	
	

	1-class
	80,753.56
	80,824.85
	-40,364.78

	2-class
	66,297.36
	66,398.36
	-33,131.68

	3-class
	65,843.08
	65,973.79
	-32,899.54

	4-class
	65,299.59
	65,460.00
	-32,622.79

	Share
	
	
	

	1-class
	195,475.5
	195,555.7
	-97,725.73

	2-class
	160,612.8
	160,726.5
	-80,289.40

	3-class
	160,131.6
	160,278.7
	-80,043.81

	4-class
	160,129.7
	160,310.2
	-80,037.86

	Charls
	
	
	

	1-class
	90,470.39
	90,538.12
	-45,223.19

	2-class
	74,252.94
	74,348.88
	-37,109.47

	3-class
	74,023.14
	74,147.31
	-36,989.57

	4-class
	73,914.56
	74,066.95
	-36,930.28


Supplementary Table 2 Benchmarking results for the training dataset in the HRS cohort.
	Model
	Accuracy
	F Beta
	Area under the ROC curve
	Sensitivity
	Specificity
	Area under the PR curve
	Brier

	Random Forest
	0.647 (0.626-0.668)
	0.666 (0.648-0.684)
	0.720 (0.696-0.743)
	0.704 (0.682-0.727)
	0.590 (0.555-0.625)
	0.680 (0.646-0.714)
	0.210 (0.203-0.217)

	Light GBM
	0.635 (0.612-0.658)
	0.649 (0.628-0.670)
	0.701 (0.670-0.733)
	0.674 (0.650-0.699)
	0.596 (0.548-0.645)
	0.659 (0.627-0.692)
	0.221 (0.208-0.234)

	K-KNN
	0.596 (0.579-0.612)
	0.597 (0.586-0.607)
	0.626 (0.609-0.643)
	0.597 (0.580-0.614)
	0.596 (0.555-0.637)
	0.617 (0.590-0.643)
	0.262 (0.255-0.270)

	Naive Bayes
	0.568 (0.542-0.594)
	0.535 (0.503-0.568)
	0.597 (0.572-0.623)
	0.498 (0.460-0.537)
	0.638 (0.616-0.661)
	0.598 (0.576-0.619)
	0.247 (0.240-0.253)

	SVM
	0.597 (0.573-0.620)
	0.590 (0.570-0.610)
	0.649 (0.628-0.671)
	0.580 (0.554-0.607)
	0.614 (0.577-0.652)
	0.652 (0.627-0.677)
	0.234 (0.229-0.238)

	XGBoost
	0.623 (0.603-0.643)
	0.630 (0.607-0.653)
	0.679 (0.652-0.706)
	0.642 (0.614-0.670)
	0.605 (0.574-0.635)
	0.636 (0.604-0.669)
	0.302 (0.283-0.320)

	CATBoost
	0.650 (0.635-0.666)
	0.672 (0.657-0.686)
	0.721 (0.702-0.740)
	0.716 (0.687-0.744)
	0.588 (0.544-0.632)
	0.680 (0.651-0.708)
	0.210 (0.206-0.214)

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

	aANOVA test; bKruskal-Wallis
	


Supplementary Table 3 Benchmarking results for the validation dataset in the HRS cohort.
	Model
	Accuracy
	F Beta
	Area under the ROC curve
	Sensitivity
	Specificity
	Area under the PR curve
	Brier

	Random Forest
	0.634 (0.589-0.679)
	0.648 (0.604-0.693)
	0.669 (0.620-0.717)
	0.678 (0.642-0.715)
	0.590 (0.525-0.654)
	0.638 (0.579-0.697)
	0.228 (0.214-0.242)

	Light GBM
	0.623 (0.598-0.647)
	0.626 (0.597-0.654)
	0.652 (0.618-0.686)
	0.636 (0.607-0.665)
	0.607 (0.570-0.645)
	0.614 (0.554-0.674)
	0.253 (0.237-0.269)

	K-KNN
	0.557 (0.523-0.591)
	0.554 (0.514-0.594)
	0.576 (0.540-0.613)
	0.556 (0.511-0.601)
	0.557 (0.508-0.607)
	0.582 (0.541-0.624)
	0.281 (0.264-0.297)

	Naive Bayes
	0.563 (0.534-0.592)
	0.535 (0.500-0.571)
	0.594 (0.557-0.631)
	0.509 (0.461-0.557)
	0.619 (0.565-0.673)
	0.573 (0.526-0.620)
	0.250 (0.238-0.261)

	SVM
	0.583 (0.553-0.612)
	0.582 (0.549-0.615)
	0.620 (0.577-0.664)
	0.585 (0.553-0.617)
	0.580 (0.527-0.633)
	0.622 (0.577-0.668)
	0.240 (0.234-0.247)

	XGBoost
	0.593 (0.555-0.632)
	0.600 (0.558-0.643)
	0.633 (0.603-0.662)
	0.617 (0.566-0.669)
	0.568 (0.525-0.612)
	0.603 (0.558-0.647)
	0.335 (0.311-0.359)

	CATBoost
	0.635 (0.588-0.683)
	0.657 (0.605-0.708)
	0.699 (0.653-0.745)
	0.705 (0.657-0.752)
	0.566 (0.507-0.625)
	0.656 (0.602-0.710)
	0.218 (0.209-0.227)

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

	aANOVA test; bKruskal-Wallis
	


Supplementary Table 4 Benchmarking results for the training dataset in the SHARE cohort.
	Model
	Accuracy
	F Beta
	Area under the ROC curve
	Sensitivity
	Specificity
	Area under the PR curve
	Brier

	Random Forest
	0.694 (0.680-0.709)
	0.723 (0.707-0.738)
	0.768 (0.753-0.783)
	0.806 (0.789-0.822)
	0.586 (0.562-0.611)
	0.724 (0.700-0.747)
	0.195 (0.190-0.200)

	Light GBM
	0.686 (0.673-0.699)
	0.712 (0.696-0.727)
	0.759 (0.746-0.771)
	0.785 (0.769-0.801)
	0.589 (0.569-0.609)
	0.708 (0.685-0.731)
	0.191 (0.184-0.197)

	K-KNN
	0.642 (0.626-0.658)
	0.647 (0.629-0.665)
	0.690 (0.672-0.709)
	0.664 (0.641-0.688)
	0.621 (0.595-0.648)
	0.664 (0.640-0.688)
	0.239 (0.230-0.247)

	Naive Bayes
	0.568 (0.555-0.581)
	0.587 (0.571-0.602)
	0.602 (0.590-0.615)
	0.620 (0.605-0.636)
	0.518 (0.498-0.538)
	0.595 (0.573-0.617)
	0.248 (0.245-0.252)

	SVM
	0.628 (0.620-0.637)
	0.634 (0.621-0.648)
	0.680 (0.667-0.693)
	0.652 (0.633-0.672)
	0.605 (0.592-0.619)
	0.651 (0.625-0.677)
	0.225 (0.222-0.229)

	XGBoost
	0.668 (0.660-0.675)
	0.672 (0.659-0.686)
	0.741 (0.732-0.750)
	0.690 (0.672-0.708)
	0.646 (0.630-0.662)
	0.687 (0.663-0.711)
	0.248 (0.242-0.253)

	CATBoost
	0.699 (0.679-0.719)
	0.735 (0.715-0.755)
	0.761 (0.745-0.777)
	0.844 (0.830-0.859)
	0.557 (0.529-0.585)
	0.699 (0.675-0.724)
	0.188 (0.181-0.194)

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

	aANOVA test; bKruskal-Wallis
	


Supplementary Table 5 Benchmarking results for the validation dataset in the SHARE cohort.
	Model
	Accuracy
	F Beta
	Area under the ROC curve
	Sensitivity
	Specificity
	Area under the PR curve
	Brier

	Random Forest
	0.681 (0.667-0.696)
	0.713 (0.695-0.730)
	0.743 (0.725-0.761)
	0.775 (0.755-0.795)
	0.584 (0.566-0.601)
	0.712 (0.675-0.749)
	0.203 (0.198-0.209)

	Light GBM
	0.679 (0.651-0.707)
	0.702 (0.672-0.732)
	0.742 (0.720-0.765)
	0.742 (0.714-0.771)
	0.612 (0.580-0.645)
	0.703 (0.668-0.737)
	0.204 (0.193-0.215)

	K-KNN
	0.605 (0.584-0.627)
	0.628 (0.606-0.649)
	0.628 (0.608-0.647)
	0.652 (0.629-0.676)
	0.557 (0.532-0.581)
	0.617 (0.587-0.647)
	0.264 (0.255-0.274)

	Naive Bayes
	0.571 (0.551-0.591)
	0.595 (0.573-0.617)
	0.605 (0.578-0.631)
	0.618 (0.598-0.639)
	0.522 (0.492-0.552)
	0.614 (0.575-0.652)
	0.250 (0.240-0.259)

	SVM
	0.612 (0.587-0.637)
	0.634 (0.605-0.664)
	0.648 (0.618-0.678)
	0.660 (0.628-0.691)
	0.562 (0.533-0.591)
	0.639 (0.596-0.683)
	0.234 (0.228-0.241)

	XGBoost
	0.647 (0.627-0.668)
	0.661 (0.639-0.682)
	0.716 (0.691-0.740)
	0.673 (0.647-0.699)
	0.621 (0.579-0.664)
	0.685 (0.645-0.725)
	0.275 (0.260-0.290)

	CATBoost
	0.682 (0.665-0.699)
	0.717 (0.696-0.737)
	0.749 (0.734-0.764)
	0.790 (0.767-0.814)
	0.568 (0.549-0.587)
	0.717 (0.687-0.747)
	0.197 (0.190-0.204)

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

	aANOVA test; bKruskal-Wallis
	


Supplementary Table 6 Benchmarking results for the training dataset in the CHARLS cohort.
	Model
	Accuracy
	F Beta
	Area under the ROC curve
	Sensitivity
	Specificity
	Area under the PR curve
	Brier

	Random Forest
	0.713 (0.686-0.741)
	0.747 (0.725-0.769)
	0.757 (0.716-0.799)
	0.832 (0.815-0.850)
	0.588 (0.536-0.641)
	0.696 (0.646-0.746)
	0.189 (0.174-0.203)

	Light GBM
	0.682 (0.658-0.707)
	0.703 (0.686-0.721)
	0.731 (0.692-0.771)
	0.741 (0.723-0.759)
	0.621 (0.577-0.664)
	0.676 (0.635-0.716)
	0.212 (0.194-0.229)

	K-KNN
	0.626 (0.606-0.646)
	0.645 (0.621-0.670)
	0.674 (0.642-0.707)
	0.671 (0.639-0.703)
	0.578 (0.542-0.613)
	0.645 (0.610-0.681)
	0.244 (0.228-0.261)

	Naive Bayes
	0.561 (0.529-0.592)
	0.459 (0.404-0.514)
	0.613 (0.585-0.641)
	0.372 (0.313-0.430)
	0.755 (0.720-0.790)
	0.614 (0.571-0.658)
	0.268 (0.254-0.281)

	SVM
	0.636 (0.609-0.664)
	0.662 (0.636-0.689)
	0.688 (0.665-0.711)
	0.703 (0.672-0.733)
	0.569 (0.526-0.611)
	0.663 (0.626-0.700)
	0.223 (0.216-0.229)

	XGBoost
	0.659 (0.627-0.691)
	0.673 (0.644-0.702)
	0.714 (0.673-0.755)
	0.692 (0.653-0.730)
	0.625 (0.581-0.668)
	0.662 (0.619-0.704)
	0.280 (0.255-0.305)

	CATBoost
	0.703 (0.668-0.738)
	0.745 (0.718-0.773)
	0.751 (0.719-0.784)
	0.855 (0.816-0.893)
	0.546 (0.493-0.599)
	0.701 (0.668-0.734)
	0.192 (0.180-0.204)

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

	aANOVA test; bKruskal-Wallis
	


Supplementary Table 7 Benchmarking results for the validation dataset in the CHARLS cohort.
	Model
	Accuracy
	F Beta
	Area under the ROC curve
	Sensitivity
	Specificity
	Area under the PR curve
	Brier

	Random Forest
	0.707 (0.666-0.748)
	0.706 (0.656-0.756)
	0.794 (0.743-0.845)
	0.744 (0.682-0.806)
	0.673 (0.605-0.742)
	0.762 (0.689-0.835)
	0.187 (0.168-0.205)

	Light GBM
	0.687 (0.658-0.716)
	0.672 (0.631-0.714)
	0.772 (0.734-0.810)
	0.680 (0.610-0.751)
	0.694 (0.636-0.751)
	0.725 (0.665-0.786)
	0.210 (0.191-0.229)

	K-KNN
	0.636 (0.594-0.678)
	0.629 (0.588-0.669)
	0.685 (0.638-0.732)
	0.644 (0.604-0.683)
	0.630 (0.571-0.689)
	0.632 (0.576-0.688)
	0.239 (0.215-0.263)

	Naive Bayes
	0.552 (0.524-0.579)
	0.217 (0.174-0.260)
	0.613 (0.552-0.674)
	0.131 (0.101-0.161)
	0.940 (0.918-0.962)
	0.604 (0.535-0.674)
	0.396 (0.358-0.435)

	SVM
	0.648 (0.592-0.705)
	0.597 (0.522-0.672)
	0.694 (0.619-0.770)
	0.549 (0.482-0.616)
	0.742 (0.665-0.818)
	0.680 (0.575-0.785)
	0.221 (0.202-0.241)

	XGBoost
	0.657 (0.633-0.682)
	0.643 (0.621-0.666)
	0.749 (0.708-0.790)
	0.649 (0.605-0.692)
	0.663 (0.595-0.731)
	0.702 (0.640-0.765)
	0.274 (0.250-0.297)

	CATBoost
	0.710 (0.659-0.761)
	0.694 (0.621-0.767)
	0.795 (0.740-0.850)
	0.704 (0.620-0.787)
	0.714 (0.656-0.772)
	0.747 (0.662-0.831)
	0.187 (0.170-0.204)

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

	aANOVA test; bKruskal-Wallis
	


Supplementary Table 8 Fine–Gray competing risk regression analyses examining the associations between the joint trajectories of cognitive function and CES-D scores and the risk of incident osteoporosis among adults aged ≥65 years with diabetes after accounting for death as a competing event.
	Exposure Variable
	Model 1
	Model 2
	Model 3
	Model 4

	
	sHR (95% CI)
	P-value
	sHR (95% CI)
	P-value
	sHR (95% CI)
	P-value
	sHR (95% CI)
	P-value

	HRS
	
	
	
	
	
	
	
	

	Cognition and CESD trajectory
	
	
	
	
	
	

	High Cognition and Low CESD
	1.00 (Reference)
	-
	1.00 (Reference)
	-
	1.00 (Reference)
	-
	1.00 (Reference)
	-

	Low Cognition and High CESD
	1.33 (1.14 ~ 1.56)
	<.001***
	1.25 (1.06 ~ 1.47)
	0.008**
	1.23 (1.04 ~ 1.45)
	0.014*
	1.24 (1.05 ~ 1.47)
	0.011*

	ELSA
	
	
	
	
	
	
	
	

	Cognition and CESD trajectory
	
	
	
	
	
	

	High Cognition and Low CESD
	1.00 (Reference)
	-
	1.00 (Reference)
	-
	1.00 (Reference)
	-
	1.00 (Reference)
	-

	Low Cognition and High CESD
	1.56 (1.42 ~ 1.71)
	<.001***
	1.32 (1.20 ~ 1.46)
	<.001***
	1.32 (1.19 ~ 1.45)
	<.001***
	1.27 (1.15 ~ 1.40)
	<.001***

	CHARLS
	
	
	
	
	
	
	
	

	Cognition and CESD trajectory
	
	
	
	
	
	

	High Cognition and Low CESD
	1.00 (Reference)
	-
	1.00 (Reference)
	-
	1.00 (Reference)
	-
	1.00 (Reference)
	-

	Low Cognition and High CESD
	1.49 (1.27 ~ 1.74)
	<.001***
	1.31 (1.11 ~ 1.56)
	0.002**
	1.31 (1.11 ~ 1.55)
	0.002**
	1.31 (1.11 ~ 1.55)
	0.002**

	Model 1: Crude

	Model 2: Adjust: Age, Sex, Race, Education, marital status, Wealth, BMI

	Model 3: Adjust: Age, Sex, Race, Education, marital status, Wealth, BMI, Hypertension, Drinking status, Smoking status

	Model 4: Adjust: Age, Sex, Race, Education, marital status, Wealth, BMI,  Hypertension, Drinking status, Smoking status, Cardiovascular disease, Physical activity,Ccancer

	Significance: * p < 0.05, ** p < 0.01, *** p < 0.001


Supplementary Table 9 Discrete-time logistic regression analyses examining the associations between the joint trajectories of cognitive function and CES-D scores and the risk of incident osteoporosis under different time-setting approaches among adults aged ≥65 years with diabetes.
	Exposure Variable
	Model 1
	Model 2
	Model 3
	Model 4

	
	sHR (95% CI)
	P-value
	sHR (95% CI)
	P-value
	sHR (95% CI)
	P-value
	sHR (95% CI)
	P-value

	HRS
	
	
	
	
	
	
	
	

	Cognition and CESD trajectory
	
	
	
	
	
	

	High Cognition and Low CESD
	1.00 (Reference)
	-
	1.00 (Reference)
	-
	1.00 (Reference)
	-
	1.00 (Reference)
	-

	Low Cognition and High CESD
	1.33 (1.14 ~ 1.56)
	<.001***
	1.25 (1.06 ~ 1.47)
	0.008**
	1.23 (1.04 ~ 1.45)
	0.014*
	1.24 (1.05 ~ 1.47)
	0.011*

	ELSA
	
	
	
	
	
	
	
	

	Cognition and CESD trajectory
	
	
	
	
	
	

	High Cognition and Low CESD
	1.00 (Reference)
	-
	1.00 (Reference)
	-
	1.00 (Reference)
	-
	1.00 (Reference)
	-

	Low Cognition and High CESD
	1.56 (1.42 ~ 1.71)
	<.001***
	1.32 (1.20 ~ 1.46)
	<.001***
	1.32 (1.19 ~ 1.45)
	<.001***
	1.27 (1.15 ~ 1.40)
	<.001***

	CHARLS
	
	
	
	
	
	
	
	

	Cognition and CESD trajectory
	
	
	
	
	
	

	High Cognition and Low CESD
	1.00 (Reference)
	-
	1.00 (Reference)
	-
	1.00 (Reference)
	-
	1.00 (Reference)
	-

	Low Cognition and High CESD
	1.49 (1.27 ~ 1.74)
	<.001***
	1.31 (1.11 ~ 1.56)
	0.002**
	1.31 (1.11 ~ 1.55)
	0.002**
	1.31 (1.11 ~ 1.55)
	0.002**

	Model 1: Crude

	Model 2: Adjust: Age, Sex, Race, Education, marital status, Wealth, BMI

	Model 3: Adjust: Age, Sex, Race, Education, marital status, Wealth, BMI, Hypertension, Drinking status, Smoking status

	Model 4: Adjust: Age, Sex, Race, Education, marital status, Wealth, BMI,  Hypertension, Drinking status, Smoking status, Cardiovascular disease, Physical activity,Ccancer

	Significance: * p < 0.05, ** p < 0.01, *** p < 0.001




