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[bookmark: _Hlk196917610]All variables and associated data missing rate
Initially, the dataset of enrolled participants in this study comprised 47 variables, including both continuous and categorical types. A preliminary screening was performed on all variables. First, seven redundant variables without any clinical relevance were manually excluded, reducing the number of valid variables to 40, including participant name, hospital source, hospitalization number, contact number, enrollment date, enrolling physician, and blood sample ID. Subsequently, five variables with more than 20% missing data were excluded to minimize bias introduced by missing values, namely alcohol consumption, Mediterranean diet score, waist circumference, glycated hemoglobin (HbA1c) level, and homocysteine level. As a result, 35 clinical variables remained after the initial screening process. See Table S1 for details.
We further assessed the variables excluded owing to more than 20% missing values to compare the difference between groups. The results showed that none of these variables exhibited statistically significant differences between groups in either the internal or external dataset. Details are provided in Table S2. However, it is important to acknowledge the potential bias that may arise from the exclusion of certain variables due to missing data.
[bookmark: _Hlk201238083]Table S1. All variables and associated data missing rate
	Variables
	Model construction
cohort (n=602)
	Missing data
rate, %
	External validation
cohort (n=171)
	Missing data
rate, %

	Demographics

	Age
	602
	0.00
	171
	0.00

	Sex
	602
	0.00
	171
	0.00

	Education
	592
	1.66
	171
	0.00

	Medical history

	Hypertension
	599
	0.50
	164
	4.09

	Diabetes
	599
	0.50
	164
	4.09

	Hyperlipidemia
	599
	0.50
	164
	4.09

	Heart Disease
	587
	2.49
	156
	8.77

	Daily habits

	Physical Activities
	571
	5.15
	166
	2.92

	Smoking
	598
	0.66
	171
	0.00

	Alcohol
	470
	21.93
	143
	16.37

	FSRP scores
	557
	7.48
	155
	9.36

	Mediterranean diet scores
	355
	41.03
	121
	29.24

	Physical measures

	Height
	573
	4.82
	168
	1.75

	Weight
	573
	4.82
	168
	1.75

	BMI
	573
	4.82
	168
	1.75

	Waist circumference
	368
	38.87
	134
	21.64

	Systolic blood pressure
	575
	4.49
	169
	1.17

	Diastolic blood pressure
	575
	4.49
	169
	1.17

	Laboratory tests

	Glucose
	567
	5.81
	160
	6.43

	HbA1c
	303
	49.67
	131
	23.39

	TC
	567
	5.81
	168
	1.75

	TG
	567
	5.81
	168
	1.75

	HDL-C
	563
	6.48
	168
	1.75

	LDL-C
	563
	6.48
	168
	1.75

	Homocysteine
	205
	65.95
	126
	26.32

	Neuropsychological measurements

	VST
	578
	3.99
	166
	2.92

	TMT-B
	578
	3.99
	166
	2.92

	GDS
	602
	0.00
	171
	0.00

	Neuroimaging markers

	WMH Score
	602
	0.00
	171
	0.00

	Lacune Counts
	602
	0.00
	171
	0.00

	Blood markers

	Glutamate
	565
	6.15
	161
	5.85

	GABA
	565
	6.15
	161
	5.85

	5-HT
	565
	6.15
	161
	5.85

	Dopamine
	565
	6.15
	161
	5.85

	IL-6
	565
	6.15
	161
	5.85

	TNF-α
	565
	6.15
	161
	5.85

	CRP
	565
	6.15
	161
	5.85

	BDNF
	565
	6.15
	161
	5.85

	PDGFR-β
	565
	6.15
	161
	5.85

	VEGF
	565
	6.15
	161
	5.85


Abbreviations: FSRP, Framingham stroke risk profile; PSQI, Pittsburgh sleep quality index; BMI, body mass index; HbA1c, glycated hemoglobin; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoproteins cholesterol; LDL-C, low-density lipoproteins cholesterol; TMT-B, trail making test-B; VST, Victoria stroop test; GDS, Geriatric Depression Scale; WMH, white matter hyperintensity; GABA, gamma-aminobutyric acid; 5-HT, serotonin; IL-6, interleukin 6; TNF-α, tumor necrosis factor-α; CRP, C-reactive protein; BDNF, brain-derived neurotrophic factor; PDGFR-β, platelet derived growth factor receptor-beta; VEGF, vascular endothelial growth factor.
[bookmark: _Hlk201238146]Table S2. Group comparison of variables with more than 20% missing data
	
	Model construction dataset

	Characteristics
	VaDep group
	Controls
	P-value

	Alcohol (%)
	68 (29.69%)
	83 (34.44%)
	0.316

	Mediterranean diet scores
	3 [2.75-5]
	4 [2-5]
	0.382

	Waist circumference (cm)
	89.27 ± 9.39
	88.29 ± 9.55
	0.329

	HbA1c (%)
	6.3 [5.8-6.9]
	6.1 [5.7-6.6]
	0.286

	Homocysteine (μmol/L)
	12.49 [9.47-16.61]
	12.26 [8.89-15.60]
	0.404

	
	External validation dataset

	Characteristics
	VaDep group
	Controls
	P-value

	Alcohol (%)
	22 (33.85%)
	31 (39.74%)
	0.580

	Mediterranean diet scores
	4 [3-5]
	5 [4-5]
	0.177

	Waist circumference (cm)
	86.30 ± 6.49
	84.44 ± 7.87
	0.137

	HbA1c (%)
	6.6 [5.7-7.2]
	6.3 [5.7-6.9]
	0.226

	Homocysteine (μmol/L)
	13.87 [10.37-18.57]
	12.64 [9.85-15.71]
	0.152


Note: Continuous variables were expressed as mean±standard deviation or median [interquartile range] and compared using Independent-Sample t test or Mann-Whitney U test between two groups. Categorical variables were expressed as counts (%) and Chi-square test was used for frequency comparison between two groups. It is worth noting that HbA1c is not a categorical variable, but its unit of measurement is expressed as %, because it represents the proportion of glycated hemoglobin to total hemoglobin. P < 0.05*. Abbreviations: VaDep, vascular depression; HbA1c, glycated hemoglobin.

Multicollinearity test for the initial variables
Multicollinearity among the initial variables was assessed prior to model building. The analysis indicated that only two variables, total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C), exhibited significant multicollinearity, as shown in Figure S1. After careful consideration, we determined that the presence of multicollinearity between TC and LDL-C would not substantially affect the study's conclusions. To maintain the integrity and transparency of the feature selection process, we chose not to exclude these variables prematurely.
[image: ]
[bookmark: _Hlk201238170]Figure S1. Multicollinearity test for the initial variables

ML methodological workflow
The flowchart showed the detailed process of the ML method used in this study, from model construction to external validation.
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[bookmark: _Hlk201238188]Figure S2. ML methodological workflow

Participant characteristics in external validation dataset
To further validate the model performance, an external cohort comprising 75 VaDep patients and 96 controls within the same age range were recruited, which was shown in Table S3. In external cohort, significant differences were observed in age (p=0.001), physical activities (p=0.012), TMT-B scores (p=0.001), WMH (p<0.001), levels of TC (p=0.035), TNF-α (p=0.012) and BDNF (p=0.002) between the two groups. Compared to controls group, the VaDep group had higher age, TMT-B scores, WMH scores and level of inflammatory indicator (TNF-α), as well as less physical activities, lower levels of TC and BDNF. There was no significant difference between VaDep patients and controls in terms of other features.
[bookmark: _Hlk201238695]Table S3. Clinical characteristics of external validation dataset
	
	External validation dataset

	Characteristics
	VaDep group (n=75)
	Controls (n=96)
	P-value

	Age (years)
	74 [65-76]
	68 [60.5-74]
	0.001*

	Male, n (%)  
	52 (69.3%)
	59 (61.5%)
	0.284

	Education (years)
	9 [8-10]
	9 [8-12]
	0.399

	BMI (kg/m2) 
	26.07 [24.22-29.53]
	26.39 [23.92-30.28]
	0.691

	Smoking (%)
	20 (26.7%)
	21 (21.9%)
	0.466

	Hypertension (%)
	54 (72.0%)
	75 (78.1%)
	0.356

	Diabetes (%)
	17 (22.7%)
	22 (22.9%)
	0.969

	hyperlipidemia (%)
	52 (69.3%)
	62 (64.6%)
	0.513

	Heart Disease (%)
	9 (12.0%)
	8 (8.3%)
	0.427

	Physical Activities (%)
	42 (54.5%)
	70 (72.9%)
	0.012*

	FSRP
	12 [7-17]
	12 [7-18.75]
	0.897

	TMT-B (s)
	78.00 [55.00-122.00]
	59.50 [39.00-82.00]
	0.001*

	VST (s)
	33.57 [12.07-89.91]
	32.45 [3.74-79.28]
	0.575

	WMH
	
	
	<0.001*

	None-to-Mild
(Fazekas 0-2)
	25 (33.3%)
	68 (70.8%)
	

	Moderate-to-severe
(Fazekas 3-6)
	50 (66.7%)
	28 (29.2%)
	

	Lacune
	
	
	0.891

	0-1 lacunes
	46 (61.3%)
	61 (63.5%)
	

	≥2 lacunes
	29 (38.7%)
	35 (36.5%)
	

	Glucose (mmol/L)
	5.90 [5.08-6.42]
	5.90 [5.22-6.62]
	0.669

	TC (mmol/L)
	4.60 [3.70-5.27]
	5.20 [4.03-5.80]
	0.035*

	TG (mmol/L)
	1.44 [1.20-1.80]
	1.44 [1.00-1.58]
	0.204

	HDL-C (mmol/L)
	1.31 [1.06-1.35]
	1.32 [1.10-1.49]
	0.143

	LDL-C (mmol/L)
	3.01 [2.18-3.01]
	3.01 [2.19-3.09]
	0.445

	Glutamate (μmol/L)
	67.133 [46.033-102.104]
	78.877 [56.674-98.156]
	0.186

	GABA (ng/mL)
	509.028 [289.455-892.859]
	629.634 [245.153-997.155]
	0.509

	5-HT (ng/mL)
	6.762 [3.474-13.284]
	9.652 [1.562-13.690]
	0.626

	Dopamine (ng/mL)
	1.196 [0.922-1.664]
	1.408 [0.846-1.983]
	0.265

	IL-6 (ng/L)
	37.677 [26.567-49.486]
	37.260 [23.584-53.943]
	0.886

	TNF-α (ng/L)
	49.979 [37.569-72.636]
	43.911 [33.834-54.984]
	0.012*

	CRP (mg/L)
	3.003 [1.936-3.801]
	2.869 [1.862-4.182]
	0.781

	BDNF (ng/mL)
	1.050 [0.890-1.422]
	1.412 [0.926-1.719]
	0.002*

	PDGFR-β (ng/mL)
	8.433 [7.322-10.018]
	8.212 [7.114-10.838]
	0.741

	VEGF (pg/mL)
	278.526 [172.970-398.808]
	333.376 [195.315-446.594]
	0.059


[bookmark: _Hlk146807025][bookmark: _Hlk145517194][bookmark: _Hlk151454520]Note: Continuous variables were expressed as mean±standard deviation or median [interquartile range] and compared using Independent-Sample t test or Mann-Whitney U test between two groups. Categorical variables were expressed as counts (%) and Chi-square test was used for frequency comparison between two groups. P<0.05*. Abbreviations: VaDep, vascular depression; BMI, body mass index; FSRP, Framingham stroke risk profile; TMT-B, trail making test-B; VST, Victoria stroop test; WMH, white matter hyperintensity; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoproteins cholesterol; LDL-C, low-density lipoproteins cholesterol; GABA, gamma-aminobutyric acid; 5-HT, serotonin; IL-6, interleukin 6; TNF-α, tumor necrosis factor-α; CRP, C-reactive protein; BDNF, brain-derived neurotrophic factor; PDGFR-β, platelet derived growth factor receptor-beta; VEGF, vascular endothelial growth factor.

[bookmark: _Hlk196955551]Preliminary screening of machine learning models
The initial data were used to generate 27 ML models through the lazypredict algorithms to develop a comprehensive diagnostic model for VaDep as a preliminary screening. According to the ranking of model performance, the top 6 ML algorithms were employed to conduct internal training and test. The discriminative performances of these 27 models were listed in Table S4.
[bookmark: _Hlk201238736]Table S4. Preliminary screening of ML models through the lazypredict algorithms
	Model
	Accuracy
	Balanced Accuracy
	AUROC
	F1 Score

	LGBM Classifier
	0.835 
	0.825 
	0.825 
	0.834 

	XGB Classifier
	0.835 
	0.822 
	0.822 
	0.833 

	Random Forest Classifier
	0.818 
	0.808 
	0.808 
	0.818 

	ExtraTrees Classifier
	0.810 
	0.795 
	0.795 
	0.808 

	Bagging Classifier
	0.793 
	0.787 
	0.787 
	0.794 

	AdaBoost Classifier
	0.785 
	0.774 
	0.774 
	0.784 

	Ridge Classifier CV
	0.752 
	0.743 
	0.743 
	0.752 

	Gaussian NB
	0.744 
	0.736 
	0.736 
	0.744 

	Ridge Classifier
	0.744 
	0.736 
	0.736 
	0.744 

	Linear Discriminant Analysis
	0.744 
	0.736 
	0.736 
	0.744 

	Decision Tree Classifier
	0.744 
	0.736 
	0.736 
	0.744 

	Calibrated Classifier CV
	0.752 
	0.733 
	0.733 
	0.749 

	NuSVC
	0.744 
	0.733 
	0.733 
	0.743 

	Logistic Regression
	0.736 
	0.732 
	0.732 
	0.737 

	Nearest Centroid
	0.727 
	0.722 
	0.722 
	0.728 

	Linear SVC
	0.727 
	0.722 
	0.722 
	0.728 

	Extra Tree Classifier
	0.702 
	0.704 
	0.704 
	0.705 

	Quadratic Discriminant Analysis
	0.702 
	0.698 
	0.698 
	0.704 

	SVC
	0.711 
	0.692 
	0.692 
	0.708 

	Passive Aggressive Classifier
	0.661 
	0.640 
	0.640 
	0.658 

	SGD Classifier
	0.653 
	0.633 
	0.633 
	0.650 

	Label Spreading
	0.628 
	0.629 
	0.629 
	0.631 

	Label Propagation
	0.628 
	0.629 
	0.629 
	0.631 

	Bernoulli NB
	0.628 
	0.613 
	0.613 
	0.627 

	KNeighbors Classifier
	0.603 
	0.601 
	0.601 
	0.607 

	Perceptron
	0.570 
	0.561 
	0.561 
	0.573 

	Dummy Classifier
	0.595 
	0.500 
	0.500 
	0.444 


Abbreviations: AUROC, the area under the ROC curves; XGB, Extreme Gradient Boosting; LGBM, Light Gradient Boosting Machine; Adaboost, Adaptive Boosting
Model development and performance comparison
After preliminary screening, we selected the top 6 ML algorithms for further internal training and testing. Key performance metrics (AUROC, AUPR, accuracy, precision, recall, F1 score, and specificity) assessing the diagnostic power of each model were detailed in Table S5.
[bookmark: _Hlk201238750]Table S5. Performance measures of the top six ML algorithms for the VaDep diagnosis
	
	LGBM
	XGB
	RF
	Adaboost
	Bagging
	ET

	AUROC
	0.928
[0.884-0.965]
	0.925
[0.879-0.965]
	0.900
[0.843-0.949]
	0.868
[0.804-0.928]
	0.909
[0.855-0.956]
	0.889
[0.833-0.942]

	AUPR
	0.902
[0.832-0.957]
	0.898
[0.827-0.958]
	0.861
[0.770-0.937]
	0.826
[0.731-0.910]
	0.871
[0.783-0.943]
	0.834
[0.724-0.928]

	Accuracy
	0.843
[0.785-0.909]
	0.826
[0.752-0.893]
	0.826
[0.760-0.893]
	0.760
[0.686-0.835]
	0.835
[0.769-0.893]
	0.769
[0.694-0.843]

	Precision
	0.812
[0.698-0.913]
	0.780
[0.655-0.885]
	0.804
[0.683-0.917]
	0.708
[0.585-0.837]
	0.809
[0.689-0.917]
	0.684
[0.561-0.804]

	Recall
	0.796
[0.676-0.909]
	0.796
[0.679-0.907]
	0.755
[0.633-0.875]
	0.694
[0.574-0.821]
	0.776
[0.660-0.896]
	0.796
[0.685-0.909]

	F1 Score
	0.804
[0.710-0.883]
	0.788
[0.694-0.870]
	0.779
[0.675-0.863]
	0.701
[0.595-0.797]
	0.792
[0.697-0.876]
	0.736
[0.637-0.829]

	Specificity
	0.875
[0.797-0.943]
	0.847
[0.764-0.920]
	0.875
[0.795-0.945]
	0.806
[0.712-0.890]
	0.875
[0.794-0.944]
	0.750
[0.653-0.849]


Notes: Model optimization included 5-fold cross-validation repeated 10 times and grid search to determine the optimal hyperparameters. The values in the table were presented by mean [95% CI] after the ten repetitions. Abbreviations: ML, machine learning; VaDep, vascular depression; LGBM, Light Gradient Boosting Machine; XGB, Extreme Gradient Boosting; RF, Random Forest; Adaboost, Adaptive Boosting; ET, Extra Trees; AUROC, the area under the receiver operating characteristic curves; AUPR, the area under the PR curves.

Identification of the final model
Utilizing SHAP analysis, we ranked all the features in descending order of their contribution to the VaDep diagnosis in each model. Consecutive models of the top 6 ML algorithms were then constructed respectively by gradually increasing the number of features based on the order of feature ranking. The SHAP summary plots for all 6 algorithms was shown in Figure S3-S8.
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[bookmark: _Hlk201238765][bookmark: _Hlk162981137]Figure S3. The SHAP values of LGBM models. (A) The mean absolute SHAP values (average impact on model output magnitude). (B) The distribution of SHAP values. Abbreviations: SHAP, SHapley Additive exPlanations; WMH, white matter hyperintensity; VEGF, vascular endothelial growth factor; IL-6, interleukin-6; BDNF, brain-derived neurotrophic factor; TNF-α, tumor necrosis factor-α; 5-HT, serotonin; TMT-B, trail making test-B; PDGFR-β, platelet derived growth factor receptor-beta; HDL, high-density lipoprotein cholesterol; CRP, C-reactive protein; LDL, low-density lipoprotein cholesterol; BMI, body mass index; TC, total cholesterol.
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[bookmark: _Hlk201238805]Figure S4. The SHAP values of XGB models. Same as above.
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[bookmark: _Hlk201238820]Figure S5. The SHAP values of RF models. Same as above.
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[bookmark: _Hlk201238831]Figure S6. The SHAP values of Adaboost models. Same as above.
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[bookmark: _Hlk201239151]Figure S7. The SHAP values of ET models. Same as above.
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[bookmark: _Hlk201239161]Figure S8. The SHAP values of Bagging models. Same as above.

Permutation importance analyses and contrast with SHAP analyses
We additionally conducted permutation importance analyses for the LGBM, RF, and XGB models and compared the results with their corresponding SHAP analyses. See the Figure S9-S11.
LGBM and XGB showed very similar patterns in both permutation importance and SHAP rankings, with highly overlapping top ten features. This consistency reflects the nature of boosting algorithms, which iteratively minimize residual errors and emphasize the contributions of the strongest factors. In contrast, RF exhibited slight differences: the permutation importance analysis gave relatively higher importance to more broadly distributed clinical features such as Diabetes and Hypertension. This finding aligns with the ensemble nature of RF, where the final classification is based on the majority vote across many independently trained trees, thereby capturing more generalized patterns rather than focusing solely on the most discriminative signals.
In our dataset, boosting models (particularly LGBM) better identified a few strong factors (such as Age and Lacune counts), leading to more sharply defined classification boundaries. Meanwhile, RF assigned moderate importance across a wider range of clinical features, offering greater robustness but less distinct separation of high-risk profiles. Overall, although minor variations existed, the major contributing features remained highly consistent across the models, further supporting the robustness and interpretability of our findings.
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[bookmark: _Hlk201239318]Figure S9. Contrast between SHAP and permutation importance analyses in LGBM model.
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[bookmark: _Hlk201239328]Figure S10. Contrast between SHAP and permutation importance analyses in RF model.
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[bookmark: _Hlk201239339]Figure S11. Contrast between SHAP and permutation importance analyses in XGB model.

The AUROC values of the top 6 algorithms with varied numbers of features were displayed in Table S6, which demonstrated that the LGBM model maintained nearly the highest classification capability across all models. Then, LGBM was selected for the further data combination.
The final model was identified during the process of feature reduction. An 8-feature LGBM model was selected as the final model, including WMH score, age, VEGF, IL-6, BDNF, TNF-α levels, lacune counts and 5-HT level. The performance metrics of the LGBM model with varied numbers of features was displayed in Table S7.

[bookmark: _Hlk201239173]Table S6. The AUROC of the top six ML algorithms with varied numbers of features
	Number
of features
	LGBM
	XGB
	RF
	Adaboost
	Bagging
	ET

	1
	0.697
	0.685
	0.685
	0.697
	0.685
	0.697

	2
	0.821
	0.771
	0.774
	0.813
	0.768
	0.766

	3
	0.838
	0.798
	0.796
	0.855
	0.793
	0.804

	4
	0.848
	0.859
	0.840
	0.848
	0.833
	0.805

	5
	0.868
	0.874
	0.892
	0.857
	0.882
	0.856

	6
	0.916
	0.911
	0.903
	0.866
	0.918
	0.864

	7
	0.921
	0.916
	0.918
	0.866
	0.924
	0.871

	8
	0.940
	0.938
	0.910
	0.863
	0.929
	0.901

	9
	0.932
	0.943
	0.910
	0.873
	0.916
	0.878

	10
	0.935
	0.933
	0.904
	0.867
	0.908
	0.882

	11
	0.944
	0.913
	0.911
	0.884
	0.920
	0.891

	12
	0.937
	0.924
	0.908
	0.875
	0.920
	0.896

	13
	0.940
	0.935
	0.898
	0.875
	0.914
	0.885

	14
	0.941
	0.933
	0.908
	0.871
	0.909
	0.895

	15
	0.932
	0.921
	0.908
	0.863
	0.894
	0.887

	16
	0.935
	0.928
	0.903
	0.866
	0.910
	0.882

	17
	0.931
	0.917
	0.905
	0.872
	0.903
	0.882

	18
	0.936
	0.923
	0.909
	0.868
	0.913
	0.887

	19
	0.922
	0.928
	0.901
	0.868
	0.905
	0.891

	20
	0.922
	0.925
	0.897
	0.868
	0.902
	0.886

	21
	0.918
	0.910
	0.892
	0.868
	0.891
	0.888

	22
	0.929
	0.920
	0.903
	0.868
	0.907
	0.886

	23
	0.924
	0.915
	0.903
	0.868
	0.914
	0.887

	24
	0.924
	0.914
	0.900
	0.868
	0.901
	0.879

	25
	0.925
	0.914
	0.903
	0.868
	0.902
	0.887

	26
	0.926
	0.903
	0.909
	0.868
	0.904
	0.901

	27
	0.920
	0.921
	0.907
	0.868
	0.909
	0.890

	28
	0.923
	0.920
	0.904
	0.868
	0.906
	0.910

	29
	0.923
	0.920
	0.907
	0.868
	0.905
	0.886

	30
	0.928
	0.925
	0.900
	0.868
	0.909
	0.889



[bookmark: _Hlk201239254]Table S7. The performance metrics of the LGBM model with varied numbers of features
	Number of features
	AUROC
	Accuracy
	Precision
	Recall
	F1_Score
	AUPR
	Specificity

	1
	0.697
	0.620
	0.526
	0.612
	0.566
	0.526
	0.625

	2
	0.821
	0.719
	0.674
	0.592
	0.630
	0.773
	0.806

	3
	0.838
	0.785
	0.735
	0.735
	0.735
	0.757
	0.819

	4
	0.848
	0.727
	0.660
	0.673
	0.667
	0.810
	0.764

	5
	0.868
	0.793
	0.800
	0.653
	0.719
	0.832
	0.889

	6
	0.916
	0.818
	0.800
	0.735
	0.766
	0.896
	0.875

	7
	0.921
	0.843
	0.826
	0.776
	0.800
	0.903
	0.889

	8
	0.937
	0.884
	0.872
	0.837
	0.854
	0.925
	0.917

	9
	0.925
	0.860
	0.833
	0.816
	0.825
	0.911
	0.889

	10
	0.934
	0.868
	0.851
	0.816
	0.833
	0.921
	0.903

	11
	0.936
	0.868
	0.851
	0.816
	0.833
	0.924
	0.903

	12
	0.932
	0.851
	0.830
	0.796
	0.812
	0.909
	0.889

	13
	0.929
	0.843
	0.812
	0.796
	0.804
	0.911
	0.875

	14
	0.932
	0.851
	0.844
	0.776
	0.809
	0.917
	0.903

	15
	0.926
	0.818
	0.787
	0.755
	0.771
	0.895
	0.861

	16
	0.935
	0.843
	0.812
	0.796
	0.804
	0.919
	0.875

	17
	0.931
	0.835
	0.796
	0.796
	0.796
	0.912
	0.861

	18
	0.931
	0.851
	0.816
	0.816
	0.816
	0.908
	0.875

	19
	0.922
	0.835
	0.796
	0.796
	0.796
	0.897
	0.861

	20
	0.922
	0.793
	0.750
	0.735
	0.742
	0.900
	0.833

	21
	0.918
	0.851
	0.860
	0.755
	0.804
	0.894
	0.917

	22
	0.929
	0.851
	0.830
	0.796
	0.812
	0.903
	0.889

	23
	0.924
	0.835
	0.809
	0.776
	0.792
	0.896
	0.875

	24
	0.924
	0.835
	0.796
	0.796
	0.796
	0.901
	0.861

	25
	0.925
	0.843
	0.812
	0.796
	0.804
	0.903
	0.875

	26
	0.926
	0.826
	0.780
	0.796
	0.788
	0.899
	0.847

	27
	0.920
	0.826
	0.780
	0.796
	0.788
	0.897
	0.847

	28
	0.923
	0.826
	0.804
	0.755
	0.779
	0.894
	0.875

	29
	0.923
	0.843
	0.826
	0.776
	0.800
	0.897
	0.889

	30
	0.928
	0.843
	0.812
	0.796
	0.804
	0.902
	0.875


Abbreviations: LGBM, Light Gradient Boosting Machine; XGB, Extreme Gradient Boosting; RF, Random Forest; Adaboost, Adaptive Boosting; ET, Extra Trees; AUROC, the area under the receiver operating characteristic curves; AUPR, the area under the PR curves.

External validation performance of final model
For external validation, the LGBM model selected above was tested on external dataset. The performance comparison of final model in external validation and internal training was detailed in Table S8.
[bookmark: _Hlk201239267]Table S8. Performance comparison of final model in external validation and internal training
	
	External validation
	Internal training

	AUROC
	0.896 [0.840-0.943]
	0.937 [0.893-0.974]

	Accuracy
	0.830 [0.772-0.883]
	0.884 [0.826-0.942]

	Precision
	0.838 [0.750-0.921]
	0.872 [0.762-0.959]

	Recall
	0.760 [0.662-0.855]
	0.837 [0.733-0.938]

	F1 Score
	0.797 [0.720-0.866]
	0.854 [0.774-0.925]

	AUPR
	0.885 [0.818-0.940]
	0.925 [0.869-0.968]

	Specificity
	0.885 [0.820-0.945]
	0.917 [0.844-0.974]


Notes: The values in the table were presented by mean [95% CI]. Abbreviations: AUROC, the area under the receiver operating characteristic curves; AUPR, the area under the PR curves.

Spearman correlation analysis between features of final model and depression scores
The details of spearman correlation analysis were presented in Tables S9. Statistically significant correlations were observed between GDS scores and age (p<0.001), VEGF level (p=0.018), BDNF level (p=0.003), 5-HT level (p=0.034) and lacune counts (p=0.003), as well as diagnostic probability of VaDep.
[bookmark: _Hlk201239279]Table S9. Spearman correlation analysis between features of final model and depression scores
	Features
	Coefficient (ρ)
	pFDR

	WMH score
	0.060
	0.139

	Age
	0.212
	1.583×10-7*

	VEGF level
	-0.096
	0.018*

	IL-6 level
	0.041
	0.311

	BDNF level
	0.119
	0.003*

	TNF-α level
	0.045
	0.272

	Lacune counts
	0.122
	0.003*

	5-HT level
	-0.087
	0.034*

	P (VaDep)
	0.289
	0.001*


Note: All the analysis were controlled by sex, age and education, and corrected by false discovery rate (FDR). The variable “age” was only controlled by sex and education. Abbreviations: WMH, white matter hyperintensity; VEGF, vascular endothelial growth factor; IL-6, interleukin-6; BDNF, brain-derived neurotrophic factor; TNF-α, tumor necrosis factor-α; 5-HT, serotonin; P (VaDep), diagnostic probability of VaDep.

Clinical implications for all performance metrics of machine learning model
Following is the clinical relevance of the performance metrics reported. Together, these performance metrics suggest that the LGBM model demonstrates strong diagnostic utility, balancing sensitivity and specificity appropriately for clinical settings focused on the early detection and accurate diagnosis of vascular depression.
Table S10. Clinical implications for all performance metrics of machine learning model
	AUROC
(0.937)
	The AUROC reflects the model’s ability to distinguish between VaDep patients and non-patients across all possible threshold settings. An AUROC of 0.937 indicates outstanding discriminative ability, suggesting that the model can reliably differentiate between true cases and controls, which is crucial for clinical screening tools intended to support early intervention.

	Accuracy
(0.884)
	The accuracy represents the overall proportion of correctly classified individuals, including both VaDep patients and controls. An accuracy of 88.4% means the model correctly identifies the clinical status of nearly nine out of ten individuals, indicating strong reliability for routine clinical use.

	Precision
(0.872)
	Precision measures the proportion of predicted positive cases (i.e., predicted VaDep) that are true positives. A precision of 87.2% suggests that when the model predicts a patient as having VaDep, it is very likely to be correct. This reduces the risk of unnecessary psychological burden and inappropriate interventions for false-positive cases.

	Recall
/Sensitivity
(0.837)
	Recall reflects the ability of the model to correctly identify true VaDep patients. A recall of 83.7% means that the model successfully detects the majority of actual VaDep cases. In clinical practice, a high recall is vital to minimize the risk of missed diagnoses, which could otherwise delay critical interventions for this vulnerable population.

	[bookmark: _Hlk201157523]F1 Score
(0.854)
	The F1 score provides a balance between precision and recall. An F1 score of 85.4% indicates that the model maintains both a low false-positive rate and a low false-negative rate, balancing clinical needs for accuracy in both detecting disease and avoiding overdiagnosis.

	[bookmark: _Hlk201157527]AUPR
(0.925)
	The area under the precision-recall curve is particularly meaningful when dealing with conditions of moderate to low prevalence. An AUPR of 0.925 reflects the model’s excellent ability to prioritize true VaDep cases across a range of clinical thresholds, making it highly effective for screening programs where maximizing the detection of true positives is critical.

	[bookmark: _Hlk201157532]Specificity
(0.917)
	Specificity indicates the ability to correctly identify non-VaDep individuals. A specificity of 91.7% means that the model effectively minimizes false positives, which is important for preventing overdiagnosis, reducing unnecessary anxiety among patients, and optimizing healthcare resource utilization.
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