


Supplement Figure Legends
Temporal trajectories of blood Hemoglobin (g∙L-¹) and Erythocytes (10¹²∙L-¹) in response to 2U RBC withdrawal and reinfusion. Left panel: Scatter plots with overlaid local regression smoothing curves (shaded bands show 95% CI) illustrate responses in the Control group (green circles) and the Intervention group, separated into before cryo-RBC reinfusion (green squares), 48 h post-donation (blue squares) and post cryo-RBC reinfusion/Doped (red squares) across the full study timeline. Right panel: Individual trajectories. N as in Table 2.
Temporal trajectories of the OFF-hr score and Reticolucytes/Erythrocytes (‰). Left panel: Scatter plots with overlaid local regression smoothing curves (shaded bands show 95% CI) illustrate responses in the Control group (green circles) and the Intervention group, separated into before cryo-RBC reinfusion (green squares), 48 h post-donation (blue squares) and post cryo-RBC reinfusion/Doped (red squares) across the full study timeline. Right panel: Individual trajectories. N as in Table 2.
Temporal response of Erythrocytes-Hb (g∙L-¹) and Reticulocyte-Hb (g∙L-¹). Left panel: Scatter plots with overlaid local regression smoothing curves (shaded bands show 95% CI) illustrate responses in the Control group (green circles) and the Intervention group, separated into before cryo-RBC reinfusion (green squares), 48 h post-donation (blue squares) and post cryo-RBC reinfusion/Doped (red squares) across the full study timeline. Right panel: Individual trajectories. N as in Table 2.
Temporal response of Erythrocyte-Hb/Reticulocytes-Hb ration and Erythrocytes-MCV (fL). Left panel: Scatter plots with overlaid local regression smoothing curves (shaded bands show 95% CI) illustrate responses in the Control group (green circles) and the Intervention group, separated into before cryo-RBC reinfusion (green squares), 48 h post-donation (blue squares) and post cryo-RBC reinfusion/Doped (red squares) across the full study timeline. Right panel: Individual trajectories. N as in Table 2.
Temporal response of serum Erythropoietin (UL-¹). Left panel: Scatter plots with overlaid local regression smoothing curves (shaded bands show 95% CI) illustrate responses in the Control group (green circles) and the Intervention group, separated into before cryo-RBC reinfusion (green squares), 48 h post-donation (blue squares) and post cryo-RBC reinfusion/Doped (red squares) across the full study timeline. Right panel: Individual trajectories. N as in Table 2.
Temporal response of ON-he and OFF-hre scores. Scatter plots with overlaid local regression smoothing curves (shaded bands show 95% CI) illustrate responses in the Control group (green circles) and the Intervention group, separated into before cryo-RBC reinfusion (green squares), 48 h post-donation (blue squares) and post cryo-RBC reinfusion/Doped (red squares) across the full study timeline. Right panel: Individual trajectories. N as in Table 2.
Temporal response of 1G OFF model and OFF-hr scores. Scatter plots with overlaid local regression smoothing curves (shaded bands show 95% CI) illustrate responses in the Control group (green circles) and the Intervention group, separated into before cryo-RBC reinfusion (green squares), 48 h post-donation (blue squares) and post cryo-RBC reinfusion/Doped (red squares) across the full study timeline. Right panel: Individual trajectories. N as in Table 2.
 Longitudinal evaluation of the OFF-hr score utilizing Bayesian adaptive modeling – Control group. Individual plots are displayed for seven subjects (Panels K-W) within the Control group across the complete study protocol. The dashed black tracking line represents the running average of the OFF-hr score. Individual samples are color-coded by physiological state: Green - Clean, Blue - Time for acute hemodilution in the Doped group. The outer red dashed lines represent the upper and lower Bayesian adaptive limits (99.7% CI), while the central dashed line represents the expected individual mean.
Longitudinal evaluation of the Erythrocytes (10¹²∙L-¹) utilizing Bayesian adaptive modeling – Doped group. Individual plots are displayed for ten subjects (Panels A–T) from the intervention group across the full study timeline. The tracking line represents the running average. Individual samples are color-coded by physiological state: Green; Baseline and >48 h Post-Donation, Blue;48 h post-Donation, and Red; Doped post-reinfusion. The outer red dashed lines represent the upper and lower Bayesian adaptive limits (99.7% CI), while the central dashed line represents the expected individual mean. Following autologous blood transfusion, the doped samples (red dots) fail to breach the adaptive limits for any of the subjects.
Longitudinal evaluation of the Erythrocytes utilizing Bayesian adaptive modeling – Control group. Individual plots are displayed for seven subjects (Panels K-W) across the full study timeline. The tracking line represents the running average. The outer red dashed lines represent the upper and lower Bayesian adaptive limits (99.7% CI), while the central dashed line represents the expected individual mean. 
Longitudinal evaluation of the Ret-Hb of RBC-Hb (%) utilizing Bayesian adaptive modeling – Doped group. Individual plots are displayed for ten subjects (Panels A–T) from the intervention group across the full study timeline. The tracking line represents the running average. Individual samples are color-coded by physiological state: Green; Baseline and >48 h Post-Donation, Blue;48 h post-Donation, and Red; Doped post-reinfusion. The outer red dashed lines represent the upper and lower Bayesian adaptive limits (99.7% CI), while the central dashed line represents the expected individual mean. Following autologous blood transfusion, the doped samples (red dots) fail to breach the adaptive limits for any of the subjects.
Longitudinal evaluation of the Ret-Hb of RBC-Hb (%) utilizing Bayesian adaptive modeling – Control group. Individual plots are displayed for seven subjects (Panels K-W) across the full study timeline. The tracking line represents the running average. The outer red dashed lines represent the upper and lower Bayesian adaptive limits (99.7% CI), while the central dashed line represents the expected individual mean.
Comparative machine learning model screening and data-driven feature selection. An initial comprehensive screening was conducted to identify the optimal classification algorithm and highest-contributing hematological variables for cross-sectional ABT detection. (Left) Receiver Operating Characteristic (ROC) curves visualizing the comparative diagnostic performance of multiple machine learning models. (Top Right) Predictor screening analysis ranking the relative contribution of all evaluated biological variables, objectively identifying total mature red cell hemoglobin mass (Erythrocytes-Hb), mean corpuscular volume (Erythrocytes-MCV), and absolute hemoglobin (Hemoglobin) as the primary drivers of group separation. (Bottom Right) Area Under the Curve (AUC) performance metrics for both the training dataset and the isolated validation cohort. Complex, non-linear algorithms (e.g., XGBoost, Bootstrap Forest, and Neural Networks) demonstrated severe overfitting, characterized by high training AUCs but failing validation AUCs. Conversely, classical linear algorithms, specifically Nominal Logistic Regression and Generalized Regression (Lasso), demonstrated exceptional generalizability (Validation AUC = 0.94). This rigorous screening definitively justifies the selection of the nominal logistic regression approach utilized in the primary analysis.
Diagnostic performance and legal threshold limitations of the optimized cross-sectional Validation machine learning model. A nominal logistic regression model utilizing total mature red cell hemoglobin mass (Erythrocytes-Hb, p < 0.001) and reticulocyte percentage (Reticulocytes %, p = 0.073) demonstrated high overall clinical accuracy in differentiating clean from autologously transfused blood samples (main ROC curve). However, predictive utility collapses when subjected to strict anti-doping criteria. The inset plots display the predicted classification distributions at varying probability thresholds. At a standard clinical threshold of 0.50 (top inset), the model achieves robust separation. Conversely, when the probability threshold is adjusted to 0.99—the mandatory legal specificity required by WADA to prevent false-positive sanctions (bottom inset)—the model's sensitivity falls entirely to zero. This mathematical threshold failure demonstrates the inadequacy of single-draw, cross-sectional testing, reinforcing the necessity for longitudinal adaptive tracking.
Visualization of the "maximum delta" timing vulnerability inherent to standard longitudinal tracking. Temporal trajectories of mature red cell hemoglobin payload (Erythrocytes-Hb, top panel) and the standard WADA OFF-hr score (bottom panel) demonstrating the dependency on ideal testing logistics to detect autologous blood transfusion (ABT). The green dashed boxes highlight the acute hemodilution nadir captured strictly 48 hours post-donation, while the red dashed boxes encompass the supraphysiological peaks maintained 1 to 4 weeks post-transfusion. The black dashed trajectory line illustrates the "maximum delta", the extreme intra-individual physiological swing traditionally required to reliably trigger an adverse Bayesian passport finding. Consequently, if testing is evaded or logistically impossible during the narrow post-donation window, isolated post-transfusion values often fail to definitively breach the athlete's natural upper biological limits. This highlights the fragility of current ABP markers against strategically timed doping regimens.

Supplement Table Legends
Partial longitudinal hematology for Control and Cryo‑RBC (Doped) groups before donation, after donation, and after transfusion. Values are mean (SD) for key variables; N indicates the number of samples at each time point.
Comprehensive longitudinal hematology for Control and Cryo‑RBC (Doped) groups before donation, after donation, and after transfusion. Values are mean (SD) for key variables; N indicates the number of samples at each time point.
Generalized linear mixed model (GLMM) results for key hematological variables. For each parameter, fixed effects of Group (Control vs Doped), Sampling Time, and their interaction (Group × Sampling Time) are shown with numerator and denominator degrees of freedom (DFNum, DFDen), F‑ratio, and associated p‑values. A significant Sampling Time effect indicates overall temporal variation across all subjects, whereas a significant Group × Sampling Time interaction indicates that longitudinal trajectories differ between Control and Doped groups. *p < 0.05. Full GLMM table is provided in Supplement 2, Table S2.
