Supplementary Table S1. Sensitivity of residual-based “non-deviant” definition across alternative thresholds

Supplementary Table S1 summarizes how the definition of the “non-deviant” group changes when different residual thresholds are applied to the linear regression between Ax L1–4 average HU and DXA-derived lowest T-score. Residuals were calculated from the regression model, and the residual standard deviation (SD) was computed across the full cohort (n = 162). The non-deviant group was defined as patients with |residual| ≤ k·SD (k = 0.75, 1.00, 1.25, and 1.50), and the remaining patients were classified as the deviant group. For each threshold, the table reports the resulting sample sizes, Spearman’s rank correlation coefficients (ρ) between HU and the lowest T-score (for both axial and sagittal HU), and the prevalence of DXA-defined osteoporosis within the non-deviant subset.

Footnote:

Osteoporosis prevalence was calculated using the lowest T-score ≤ −2.5 (lumbar spine or proximal femur), consistent with the WHO definition.
	Residual threshold (|residual| ≤ k·SD)
	Non-deviant n
	Non-deviant (%)
	Deviant n
	Deviant (%)
	Spearmanρ (Ax L1–4 Ave HU vs Low T-score)
	Spearmanρ (Sg L1–4 Ave HU vs Low T-score)
	Osteoporosis prevalence† in non-deviant (%)

	±0.75 SD
	105
	64.8
	57
	35.2
	0.846
	0.79
	30.5

	±1.00 SD
	123
	75.9
	39
	24.1
	0.82
	0.766
	32.5

	±1.25 SD
	133
	82.1
	29
	17.9
	0.767
	0.722
	33.8

	±1.50 SD
	143
	88.3
	19
	11.7
	0.702
	0.665
	36.4


Supplementary Table S2. Sensitivity analysis of XGBoost model performance across residual thresholds

Supplementary Table S2 presents the discrimination and classification performance of the XGBoost osteoporosis classifier across alternative residual-based thresholds used to define the non-deviant cohort. For each residual cutoff (|residual| ≤ k·SD; k = 0.75, 1.00, 1.25, and 1.50), an XGBoost model was trained and evaluated within the corresponding non-deviant subset. Model validation was performed using three independent stratified random splits (80% training / 20% validation) to preserve class balance. Input variables comprised 26 features, including demographic variables (age, sex, height, body weight, BMI) and CT-derived HU measurements from L1–L4 (axial and sagittal) and S1 (sagittal). Continuous variables were standardized prior to model fitting. Performance metrics are reported as mean ± SD across the three validation runs, including AUC, accuracy, F1 score, sensitivity, and specificity.

Footnotes:

(1) Osteoporosis was defined as lowest T-score ≤ −2.5 (lumbar spine or proximal femur).

(2) The optimal decision threshold was determined by maximizing the Youden index on the training set of each split and then applied as a probability threshold to the corresponding validation set.
	Residual threshold
	n

(non-deviant)
	Osteoporosis prevalence
	AUC

(mean ± SD)
	Accuracy (mean ± SD)
	F1 score 
(mean ± SD)
	Sensitivity (mean ± SD)
	Specificity (mean ± SD)
	Youden threshold prob (mean ± SD)

	±0.75 SD
	105
	30.5%
	0.815 ± 0.094
	0.794 ± 0.099
	0.716 ± 0.124
	0.889 ± 0.096
	0.756 ± 0.102
	0.214 ± 0.154

	±1.00 SD
	123
	32.5%
	0.804 ± 0.067
	0.787 ± 0.061
	0.694 ± 0.048
	0.857 ± 0.143
	0.759 ± 0.128
	0.293 ± 0.121

	±1.25 SD
	133
	33.8%
	0.827 ± 0.097
	0.840 ± 0.057
	0.732 ± 0.139
	0.704 ± 0.231
	0.907 ± 0.064
	0.476 ± 0.435

	±1.50 SD
	143
	36.4%
	0.781 ± 0.086
	0.782 ± 0.053
	0.722 ± 0.075
	0.758 ± 0.139
	0.796 ± 0.085
	0.181 ± 0.207


Supplementary Table S3. Model comparison with simpler classifiers within the non-deviant cohort

This table compares XGBoost with simpler classifiers (logistic regression and random forest) for DXA-defined osteoporosis classification within the non-deviant subset (n = 123). All models used the same 26-feature set and the same validation scheme: three independent stratified random splits (80% training / 20% validation) to preserve class balance. Continuous variables were standardized prior to model fitting; no imputation was required. Performance metrics (AUC, accuracy, F1 score, sensitivity, and specificity) are reported as mean ± SD across the three validation runs. The operating threshold for each model was selected by maximizing the Youden index on the training set of each split and then applied as a probability threshold on the corresponding validation set.
Footnote:

Osteoporosis was defined as lowest T-score ≤ −2.5 (lumbar spine or proximal femur).
	Model
	AUC
(mean ± SD)
	Accuracy
(mean ± SD)
	F1
(mean ± SD)
	Sensitivity
(mean ± SD)
	Specificity
(mean ± SD)

	Logistic regression
	0.841 ± 0.034
	0.760 ± 0.040
	0.719 ± 0.037
	0.958 ± 0.072
	0.667 ± 0.068

	Random forest
	0.822 ± 0.019
	0.773 ± 0.023
	0.721 ± 0.019
	0.917 ± 0.072
	0.706 ± 0.059

	XGBoost
	0.804 ± 0.067
	0.787 ± 0.061
	0.695 ± 0.048
	0.857 ± 0.143
	0.759 ± 0.128


