eAppendix: Expanded Discussion
Interpretation of early glycemic exposure in critical illness must be considered in light of prior interventional evidence. Initial single-center randomized trials suggested mortality reduction with intensive insulin therapy targeting near-normoglycemia (80–110 mg/dL).1 However, the large multicenter NICE-SUGAR trial demonstrated increased 90-day mortality with intensive glucose control (81–108 mg/dL) compared with a conventional target of ≤ 180 mg/dL.2 Severe hypoglycemia was markedly more frequent in the intensive group, and the trial concluded that aggressive normalization was harmful.2

These findings fundamentally reshaped ICU glycemic practice. Contemporary guidance emphasizes moderate targets and prioritizes avoidance of hypoglycemia and minimization of glycemic variability.3,4 Importantly, NICE-SUGAR evaluated treatment targets in a randomized design, whereas the present study evaluates first-day glycemic exposure patterns and early risk stratification within observational ICU data.

Our findings do not advocate intensive glucose normalization. Rather, exposure-aware first-day TWAG analysis identified a risk gradient beginning at sustained levels ≥ 140 mg/dL, while values between 100–139 mg/dL were associated with the most favorable adjusted survival. This range is narrower than conventional upper targets but does not imply that active reduction to near-normoglycemia improves outcomes. Instead, it suggests that early glycemic burden may function as a risk marker, identifying patients with higher physiologic stress or treatment complexity. Although maintaining glucose within specific ranges cannot be inferred to improve outcomes, the observed associations highlight candidate targets for future interventional studies.

Given the history of harm from overinterpretation of glycemic signals in critical care, we explicitly separated early prediction from retrospective association analyses. Prediction models were restricted to data available within the first 24 hours of ICU admission, whereas extended Cox models incorporating treatment variables were framed as conditional associations rather than causal or prospective prediction tools. This strict temporal alignment was implemented to minimize information leakage and avoid conflating prognostic modeling with treatment effect inference.

In contrast to NICE-SUGAR, which evaluated treatment targets in a randomized design, our analyses examine exposure-associated risk and early prognostic modeling without inferring causal benefit from glucose reduction.2
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