
Supplementary Table S1
Comparison of Standard Maximum-Likelihood Logistic Regression and Firth Penalized Likelihood Logistic Regression for Predictors of In-Hospital Mortality
	Variable
	Standard ML AOR (95% CI)
	Standard ML P-value
	Firth Penalized AOR (95% CI)
	Firth Penalized P-value
	Agreement

	O₂ saturation < 90%
	2.68 (1.22–5.88)
	0.014
	2.61 (1.18–5.97)
	0.018
	✓

	TC < 150 mg/dL
	2.38 (1.12–5.06)
	0.024
	2.32 (1.07–5.18)
	0.031
	✓

	NYHA Class IV
	2.24 (1.06–4.72)
	0.035
	2.18 (1.01–4.85)
	0.042
	✓

	Age ≥ 70 years
	2.12 (1.08–4.16)
	0.029
	2.07 (1.04–4.24)
	0.035
	✓

	Sodium < 135 mEq/L
	2.04 (1.02–4.08)
	0.044
	1.99 (0.98–4.15)
	0.051
	✓*

	LDL-C < 88 mg/dL †
	1.89 (0.95–3.76)
	0.069
	1.85 (0.91–3.89)
	0.085
	†



AOR = adjusted odds ratio; CI = confidence interval; ML = maximum likelihood; TC = total cholesterol; LDL-C = low-density lipoprotein cholesterol; NYHA = New York Heart Association.
† Not retained as independent predictor (P > 0.05) in either model.
✓ Direction and significance consistent between standard ML and Firth models.
* Sodium < 135 mEq/L reached borderline significance in the Firth model (P = 0.051), likely reflecting the small-sample correction rather than a true loss of association.
Firth's penalized likelihood logistic regression applies a bias-reduction penalty to the log-likelihood function, which has been shown to reduce small-sample bias and produce more reliable estimates when the number of events is limited (Firth, 1993). With 25 events and 5 predictor variables (EPV = 5), the Firth method provides a useful sensitivity check on the standard maximum-likelihood estimates.
Reference: Firth D. Bias reduction of maximum likelihood estimates. Biometrika. 1993;80(1):27–38. https://doi.org/10.1093/biomet/80.1.27




