Supplementary Table S4. Validation performance of the prespecified sensitivity analyses
(A). Discrimination, prediction error, and calibration
	Analysis
	Dataset
	N / events
	Threshold
	ROC-AUC (95% CI)
	PR-AUC (95% CI)
	Brier (95% CI)
	Calibration intercept (95% CI)
	Calibration slope (95% CI)

	A1: adjusted MoCA-BJ <26
	Internal
	120 / 65
	0.4964
	0.790 (0.716 to 0.863)
	0.853 (0.798 to 0.906)
	0.181 (0.148 to 0.210)
	0.155 (-0.077 to 0.368)
	1.042 (0.771 to 1.457)

	
	External
	192 / 86
	0.4964
	0.951 (0.912 to 0.985)
	0.880 (0.801 to 0.965)
	0.062 (0.040 to 0.087)
	-0.742 (-1.058 to -0.460)
	1.328 (0.944 to 2.146)

	A2: raw MoCA-BJ <26
	Internal
	120 / 77
	0.3510
	0.756 (0.667 to 0.835)
	0.839 (0.777 to 0.900)
	0.204 (0.167 to 0.245)
	0.550 (0.370 to 0.730)
	0.591 (0.355 to 0.959)

	
	External
	192 / 110
	0.3510
	0.943 (0.887 to 0.983)
	0.888 (0.809 to 0.971)
	0.049 (0.029 to 0.073)
	-0.176 (-0.499 to 0.160)
	1.306 (0.926 to 2.087)

	B: no PHQ-9/GAD-7/CPSS-14
	Internal
	120 / 38
	0.4368
	0.916 (0.861 to 0.968)
	0.792 (0.692 to 0.935)
	0.106 (0.073 to 0.141)
	-0.110 (-0.490 to 0.322)
	0.952 (0.634 to 1.697)

	
	External
	192 / 57
	0.4368
	0.952 (0.923 to 0.983)
	0.765 (0.689 to 0.920)
	0.057 (0.032 to 0.080)
	-0.690 (-0.993 to -0.328)
	0.943 (0.733 to 1.488)

	C: PSG/clinical predictors
	Internal
	120 / 38
	0.4240
	0.873 (0.802 to 0.928)
	0.765 (0.647 to 0.868)
	0.134 (0.104 to 0.173)
	-0.309 (-0.630 to 0.206)
	0.908 (0.536 to 1.576)

	
	External
	192 / 57
	0.4240
	0.947 (0.910 to 0.976)
	0.800 (0.714 to 0.926)
	0.066 (0.043 to 0.096)
	-0.596 (-0.857 to -0.283)
	0.835 (0.499 to 1.530)

	D: no coffee consumption
	Internal
	120 / 38
	0.3758
	0.956 (0.914 to 0.994)
	0.935 (0.884 to 0.987)
	0.061 (0.036 to 0.089)
	0.244 (-0.515 to 0.800)
	1.014 (0.717 to 2.211)

	
	External
	192 / 57
	0.3758
	0.955 (0.920 to 0.982)
	0.805 (0.714 to 0.931)
	0.052 (0.026 to 0.082)
	-0.584 (-0.928 to -0.201)
	0.656 (0.439 to 1.117)








(B). Threshold-dependent classification performance
	Analysis
	Dataset
	Accuracy (95% CI)
	Sensitivity (95% CI)
	Specificity (95% CI)
	Precision (95% CI)
	F1 score (95% CI)
	MCC (95% CI)

	A1: adjusted MoCA-BJ <26
	Internal
	0.667 (0.583 to 0.752)
	0.615 (0.523 to 0.723)
	0.727 (0.600 to 0.836)
	0.727 (0.637 to 0.817)
	0.667 (0.580 to 0.763)
	0.343 (0.176 to 0.514)

	
	External
	0.964 (0.938 to 0.990)
	0.988 (0.965 to 1.000)
	0.943 (0.906 to 0.981)
	0.934 (0.892 to 0.977)
	0.960 (0.933 to 0.988)
	0.928 (0.878 to 0.979)

	A2: raw MoCA-BJ <26
	Internal
	0.700 (0.633 to 0.769)
	0.857 (0.779 to 0.926)
	[bookmark: _GoBack]0.419 (0.279 to 0.558)
	0.725 (0.677 to 0.782)
	0.786 (0.735 to 0.837)
	0.309 (0.137 to 0.480)

	
	External
	0.969 (0.943 to 0.990)
	0.991 (0.973 to 1.000)
	0.939 (0.878 to 0.988)
	0.956 (0.916 to 0.991)
	0.973 (0.952 to 0.991)
	0.937 (0.885 to 0.979)

	B: no PHQ-9/GAD-7/CPSS-14
	Internal
	0.850 (0.775 to 0.908)
	0.816 (0.684 to 0.921)
	0.866 (0.780 to 0.939)
	0.738 (0.622 to 0.851)
	0.775 (0.667 to 0.864)
	0.665 (0.501 to 0.801)

	
	External
	0.948 (0.922 to 0.979)
	0.982 (0.947 to 1.000)
	0.933 (0.896 to 0.972)
	0.862 (0.800 to 0.938)
	0.918 (0.878 to 0.966)
	0.884 (0.830 to 0.951)

	C: PSG/clinical predictors
	Internal
	0.808 (0.739 to 0.869)
	0.763 (0.632 to 0.868)
	0.829 (0.744 to 0.902)
	0.674 (0.566 to 0.788)
	0.716 (0.623 to 0.805)
	0.575 (0.429 to 0.709)

	
	External
	0.943 (0.911 to 0.969)
	0.982 (0.947 to 1.000)
	0.926 (0.887 to 0.963)
	0.848 (0.782 to 0.918)
	0.911 (0.866 to 0.950)
	0.874 (0.810 to 0.930)

	D: no coffee consumption
	Internal
	0.925 (0.883 to 0.967)
	0.921 (0.842 to 1.000)
	0.927 (0.878 to 0.976)
	0.854 (0.771 to 0.947)
	0.886 (0.821 to 0.949)
	0.832 (0.735 to 0.925)

	
	External
	0.953 (0.922 to 0.979)
	0.982 (0.943 to 1.000)
	0.941 (0.896 to 0.978)
	0.875 (0.802 to 0.949)
	0.926 (0.882 to 0.966)
	0.895 (0.832 to 0.952)


Note. Training data were used for feature selection, model fitting, hyperparameter tuning, and training-derived threshold determination. Each sensitivity analysis used the threshold listed in part A, derived from its training out-of-fold predictions and applied unchanged to the corresponding internal algorithm-selection hold-out and independent external-validation data; no validation threshold was re-estimated. The internal hold-out is selection-conditioned and should not be interpreted as unbiased generalization performance, whereas the Shenzhen external dataset is independent of model selection. The raw and education-adjusted MoCA-BJ score-only outcomes in A1-A2 were derived from authentic study-period cognitive-assessment records maintained separately from the machine-learning modeling dataset; raw totals were calculated directly from scored items and one point was added for participants with ≤12 years of formal education, with adjusted scores capped at 30. These score-only outcomes were not used to define or train the primary clinically defined MCI model. A1 and A2 should not be interpreted as direct head-to-head comparisons with analyses B-D, which retain the primary clinically defined MCI classification outcome. No post-hoc recalibration was applied. AHI, apnea-hypopnea index; CI, confidence interval; MCC, Matthews correlation coefficient; MoCA-BJ, Beijing version of the Montreal Cognitive Assessment; PSG, polysomnography.
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