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Abstract 

Background/Objectives: Sepsis and septic shock remain leading causes of morbidity and 

mortality in intensive care units (ICUs) worldwide. While activation of the hypothalamic–

pituitary–adrenal (HPA) axis is a vital adaptive response, the dissociation between corti-

sol and adrenal androgens like dehydroepiandrosterone (DHEA) is hypothesized to cor-

relate with poor outcomes. This study aimed to evaluate the prognostic value of serum 

cortisol, DHEA, and the Cortisol/DHEA ratio in patients with sepsis admitted to the ICU. 

Methods: Clinical and laboratory data from 106 adult sepsis patients in a tertiary care 

hospital were retrospectively analyzed. Disease severity was assessed using Sequential 

Organ Failure Assessment (SOFA), Acute Physiology and Chronic Health Evaluation II 

(APACHE II), and Glasgow Coma Scale (GCS) scores. Baseline cortisol and DHEA levels 

were measured at the time of diagnosis. Logistic regression and Cox proportional hazards 

models were employed to identify predictors of in-hospital mortality and time to death, 

respectively. Results: A total of 106 adult sepsis patients with a mean age of 73.63 ± 13.70 

years (55 female, 51.9%) were included in the study population. In the final logistic re-

gression model, higher SOFA score was associated with greater odds of in-hospital mor-

tality Odds ratio (OR) = 1.39 per 1-point increase, 95% Confidence interval (CI): 1.15–1.69, 

p < 0.001). Higher platelet count (PLT) was associated with lower odds of mortality (OR = 

0.958 per 10 × 109/L increase, 95% CI: 0.919–0.998, p = 0.042), whereas higher urea was 

associated with greater odds of mortality (OR = 1.112 per 10 mg/dL increase, 95% CI: 

1.020–1.212, p = 0.016). The model area under the curve (AUC) was 0.7956. In univariable 

Cox analysis, higher baseline DHEA was associated with a greater hazard of death (Haz-

ard ratio (HR) = 1.03, 95% CI: 1.014–1.046, p = 0.0002). In the final multivariable Cox pro-

portional hazards model, baseline cortisol remained independently associated with the 
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hazard of death (HR = 1.014, 95% CI: 1.007–1.022, p < 0.001), whereas DHEA was not re-

tained. Notably, the Cortisol/DHEA ratio did not demonstrate independent prognostic 

value in either modeling approach. Conclusions: Higher baseline DHEA levels were as-

sociated with an increased hazard of death in univariable Cox proportional hazards anal-

ysis but did not retain independent prognostic significance in the final multivariable Cox 

proportional hazards model. While SOFA score remains the central prognostic tool, inte-

grating continuous markers such as platelets and urea enhances risk stratification. The 

Cortisol/DHEA ratio offers no incremental prognostic utility over established clinical pa-

rameters. 

Keywords: sepsis; SOFA score; dehydroepiandrosterone (DHEA); hydrocortisone;  

prognosis 

 

1. Introduction 

Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated host 

response to infection [1]. Despite advances in critical care medicine, sepsis and septic 

shock remain major causes of morbidity and mortality in ICUs worldwide [2]. The path-

ophysiology of sepsis involves a complex interplay between pro-inflammatory and anti-

inflammatory responses, in which the neuroendocrine system, particularly HPA axis, 

plays a central regulatory role [3]. 

Activation of the HPA axis during critical illness is considered a vital adaptive mech-

anism for survival, classically characterized by increased cortisol production. However, 

the prognostic value of serum cortisol levels alone remains a subject of debate due to fac-

tors such as alterations in corticosteroid-binding globulin and tissue resistance in critically 

ill patients [4,5]. The acute activation the HPA axis is an essential survival mechanism 

during critical illness, shifting metabolic resources and increasing circulating cortisol lev-

els to maintain hemodynamic stability and regulate the immune response. In line with 

this, previous clinical studies have confirmed that serum cortisol concentrations are mark-

edly elevated in patients with sepsis and septic shock compared to non-septic controls, 

reflecting the intensity of the systemic stress response [6]. Consequently, there is a need 

for novel biomarkers that can better reflect the functional status of the adrenal gland and 

the quality of the stress response. 

DHEA and its sulfated form, dehydroepiandrosterone sulfate (DHEAS), are abun-

dant adrenal steroids that serve as precursors to sex steroids but also possess distinct bio-

logical properties. While cortisol and adrenal androgens are secreted synchronously un-

der physiological conditions, this relationship can be disrupted during severe illness. This 

phenomenon, described as “dissociation,” suggests a shift in adrenal steroidogenesis fa-

voring cortisol production over DHEA and DHEAS during critical stress [7–9]. 

Experimental studies have demonstrated that DHEA possesses immunomodulatory 

properties, potentially acting as a functional antagonist to the immunosuppressive effects 

of cortisol and enhancing cellular immunity [10,11]. It has been hypothesized that a de-

crease in DHEA levels, or an increased Cortisol/DHEA ratio, may contribute to the state 

of “immunoparalysis” often observed in sepsis, thereby correlating with poor outcomes. 

Marx et al. [12] reported that DHEAS levels were preserved in survivors of severe sepsis 

but remained suppressed in nonsurvivors. Similarly, recent studies in community-ac-

quired pneumonia and sepsis have indicated that the Cortisol/DHEA ratio may offer su-

perior prognostic accuracy compared to cortisol alone or traditional scoring systems 

[13,14]. This acute endocrine disruption has also been documented in specific immuno-

compromised populations; for instance, a notable steroidogenic dissociation—character-
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ized by elevated cortisol and deeply suppressed DHEAS levels—was independently as-

sociated with progressive inflammation, systemic hypoperfusion, and hospital mortality 

in cirrhotic patients presenting with septic shock [15]. 

The primary aim of this study is to investigate the prognostic value of serum cortisol 

and DHEA levels, as well as the Cortisol/DHEA ratio, in patients with sepsis admitted to 

the ICU. Furthermore, this study examines the complex relationships among these hor-

monal parameters, hematological metrics (including hemoglobin (HB) and PLTs), bio-

chemical markers (such as urea, creatinine, and bilirubin), and critical care disease sever-

ity scores (SOFA). Identifying which of these multi-systemic parameters serves as the 

most decisive and independent predictor of patient mortality constitutes the secondary 

objective of this work. 

2. Materials and Methods 

2.1. Data Source and Study Population 

This retrospective, single-center cohort study was conducted using clinical data col-

lected from adult patients admitted to a tertiary care hospital. The exact study period 

spanned from March 2022 to March 2025. All participating individuals were managed 

within a specialized, tertiary-level (3rd-level) Anesthesiology ICU. Eligible participants 

were identified through a comprehensive screening of electronic medical records.  

To enter the study cohort, patients were required to meet the following inclusion cri-

teria: (1) age ≥18 years, and (2) a formal diagnosis of sepsis or septic shock requiring active 

management within the ICU setting. Conversely, patients were excluded based on the 

following criteria: (1) age <18 years, (2) failure to fulfill the official consensus definitions 

for sepsis or septic shock, (3) incomplete or missing primary clinical outcome data, or (4) 

active, systemic exogenous corticosteroid therapy prior to or during the baseline assess-

ment window, which could confound endogenous hormone evaluation. 

The operational criteria utilized to establish diagnoses were strictly aligned with the 

Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) guide-

lines. Sepsis was operationally defined as a documented or strongly suspected infection 

accompanied by an acute increase of ≥2 points in the SOFA score relative to the patient’s 

assumed baseline values. Septic shock was diagnosed in patients who met the criteria for 

sepsis but exhibited persistent hypotension requiring vasopressor support to maintain a 

mean arterial pressure ≥65 mmHg and a serum lactate concentration >2 mmol/L despite 

adequate volume fluid resuscitation. 

The exact time point defined as “baseline” was restricted to the clinical, demographic, 

and laboratory parameters obtained within the first 24 h of ICU admission and initial sep-

sis diagnosis. Laboratory measurements obtained during this initial 24 h baseline window 

were denoted with the suffix “1” (e.g., Cortisol1), while corresponding follow-up meas-

urements obtained on day 3 of the study were denoted with the suffix “2” (e.g., Cortisol2) 

to assess longitudinal profile trends. 

For the time-to-event survival analysis, the time origin was fixed at the exact date of 

sepsis onset. The standardized follow-up duration was set to 28 days. Patients were 

tracked continuously through their ICU stay, during eventual transfers to step-down 

wards, or until death occurred. To handle hospital discharge or step-down unit transfers 

accurately within the survival design, patients discharged alive from the ICU before the 

completion of the follow-up period were actively monitored up to day 28 to ascertain their 

definitive survival status. Standard right-censoring rules were applied at day 28 for all 

individuals who survived beyond this standardized observation window. 

The study was conducted in accordance with the principles of the Declaration of Hel-

sinki, and the protocol was formally reviewed and approved by the local institutional eth-

ics committee. Given the observational, retrospective nature of the data collection from 
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routine medical registries, the requirement for obtaining written informed consent was 

waived by the institutional board. The anonymized raw clinical data, severity scores, and 

laboratory metrics analyzed during this study are provided in Supplementary File S1. 

2.2. Variables and Outcomes 

The study variables comprised demographic characteristics, clinical severity scores, 

and laboratory parameters. Demographic data included age and sex. Clinical severity was 

assessed using SOFA score, APACHE II score, and GCS. Laboratory variables obtained at 

baseline included complete blood count parameters [white blood cell count (WBC), neu-

trophil percentage (NEU), PLT, and HB], renal function markers [serum creatinine, urea, 

and estimated glomerular filtration rate (eGFR)], inflammatory and infection-related bi-

omarkers [C-reactive protein (CRP), procalcitonin (PCT), and lactate], liver function pa-

rameters (bilirubin, albumin), and endocrine stress markers (cortisol and DHEA). When 

available, repeated measurements of selected laboratory parameters were recorded to as-

sess internal consistency. The primary outcome was in-hospital mortality, recorded as a 

binary variable (survivor vs. non-survivor). A secondary outcome was time to death after 

sepsis onset, which was analyzed using Cox proportional hazards regression. 

2.3. Measurements 

Venous blood samples for endocrine parameters were collected from all participants 

within the first 24 h of their sepsis diagnosis. To minimize the confounding effect of the 

physiological diurnal rhythm on adrenal steroidogenesis, blood sampling was strictly 

standardized to a morning window between 06:00 AM and 08:00 AM. Serum cortisol and 

DHEA levels were quantified using standard Enzyme-Linked Immunosorbent Assay 

(ELISA) and Electrochemoluminescence Immunoassays (ECLIA) on automated labora-

tory platforms. As noted in our selection criteria, none of the included patients had re-

ceived exogenous systemic corticosteroid therapy prior to or during the baseline sample 

collection window. 

2.4. Statistical Analysis 

Continuous variables were summarized as mean ± standard deviation and compared 

between survivors and non-survivors using Welch’s t-test. Categorical variables were 

summarized as n (%) and compared using Fisher’s exact test. Missing values were ex-

cluded on a variable-by-variable basis for descriptive analyses and by complete-case anal-

ysis for multivariable models. 

Receiver operating characteristic (ROC) curve analyses were performed to evaluate 

the discriminative performance of SOFA, APACHE II, and GCS scores for in-hospital mor-

tality. AUC values were calculated with 95% confidence intervals where appropriate, and 

optimal cut-off values were identified using the Youden index. 

Correlation analyses were performed using Pearson’s correlation coefficients to eval-

uate linear relationships among continuous variables, including endocrine biomarkers, 

disease severity scores, and laboratory parameters. Correlation analysis was primarily 

conducted to describe pairwise associations among candidate predictors. In addition, 

multicollinearity was formally assessed using variance inflation factors (VIFs) and toler-

ance statistics. VIF values <5 and tolerance values >0.20 were considered indicative of the 

absence of problematic multicollinearity. 

To evaluate factors associated with in-hospital mortality, univariable logistic regres-

sion analyses were initially conducted. Variables demonstrating a statistically significant 

association (p < 0.05) or borderline significance (p ≤ 0.10) were considered for multivariable 

logistic regression. To reduce redundancy and limit model complexity, follow-up labora-

tory measurements and conceptually overlapping severity scores were excluded a priori 
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from the multivariable candidate set. Six baseline candidate predictors were therefore 

considered for the final multivariable logistic regression model, corresponding to approx-

imately 12.3 deaths per candidate predictor based on 74 in-hospital deaths. Backward 

elimination was then used to obtain a final multivariable logistic regression model, with 

statistical significance, clinical interpretability, multicollinearity diagnostics, and changes 

in model discrimination considered jointly. The potential instability and bias associated 

with data-driven variable selection were addressed through bootstrap internal validation 

and are acknowledged as a study limitation. 

Time-to-event analyses were performed using Cox proportional hazards regression 

to estimate associations with the hazard of death while accounting for follow-up time and 

censoring. Variables showing a statistically significant association (p < 0.05) or borderline 

significance (p ≤ 0.10) in univariable Cox analyses were considered for multivariable mod-

eling. After excluding follow-up measurements and conceptually redundant severity 

scores, 10 baseline candidate predictors were considered. The complete-case final Cox da-

taset contained 71 deaths, corresponding to approximately 7.1 deaths per initial baseline 

candidate predictor as a descriptive reference. Backward elimination was applied with 

attention to clinical interpretability and Harrell’s concordance index (C-index). The pro-

portional hazards assumption was evaluated using Schoenfeld residuals, and no signifi-

cant global violation was detected. 

Internal validation was performed using 1000 bootstrap resamples to estimate opti-

mism-corrected model performance. For the final multivariable logistic regression model, 

optimism-corrected AUC and Brier score were calculated. For the Cox proportional haz-

ards model, optimism-corrected Harrell’s C-index was estimated. 

Apparent calibration of the final multivariable logistic regression model was assessed 

in the same cohort used for model development. Patients were divided into 10 groups 

(deciles) according to their predicted mortality probabilities, and the mean predicted 

probability was compared with the observed mortality rate within each group. A locally 

estimated scatterplot smoothing (LOESS) curve was overlaid to visualize agreement be-

tween predicted and observed mortality probabilities across the risk range. The 45-degree 

diagonal line represented perfect calibration. Because calibration was assessed in the de-

velopment cohort, it was interpreted as apparent calibration rather than independently 

validated calibration. Internal validation was additionally performed using 1000 boot-

strap resamples, with optimism-corrected estimates of discrimination and calibration and 

Brier scores used to assess overall prediction error. 

All statistical tests were two-sided, and a p-value < 0.05 was considered statistically 

significant unless otherwise specified. Analyses were performed using R version 4.5.0, 

with appropriate packages for regression modeling, survival analysis, and model valida-

tion. 

3. Results 

3.1. Characteristics of the Study Population 

Baseline clinical, laboratory, and endocrine characteristics stratified by survival sta-

tus are presented in Table 1. Among the 106 patients included in the study, 32 survived 

and 74 died during hospitalization. Non-survivors were older than survivors, although 

this difference did not reach statistical significance. Disease severity was higher among 

non-survivors, as reflected by significantly higher SOFA scores and borderline higher 

APACHE II scores. Non-survivors also had significantly lower HB, PLT, and albumin lev-

els, while urea and lactate levels were significantly higher. Regarding endocrine bi-

omarkers, baseline cortisol and DHEA levels were significantly higher among non-survi-

vors, whereas the cortisol/DHEA ratio did not differ significantly between survival 

groups. 
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Table 1. Baseline clinical, laboratory, and endocrine characteristics stratified by survival status. 

Variable Survivors (n = 32) Non-Survivors (n = 74) Missing, n p 

Demographic and clinical variables     

Age, years 70.31 ± 13.21 75.07 ± 13.74 0 0.098 

Female sex, n (%) 19 (59.4) 36 (48.6) 0 0.398 

SOFA score 7.97 ± 2.68 10.26 ± 2.48 0 <0.001 

APACHE II score 24.06 ± 8.31 27.74 ± 9.74 0 0.051 

GCS 9.72 ± 4.24 8.15 ± 4.09 0 0.082 

Infection characteristics     

Infection source   0 0.786 

Pneumonia 19 (59.4) 44 (59.5)   

Bloodstream infection 4 (12.5) 15 (20.3)   

Urinary tract infection 5 (15.6) 10 (13.5)   

Intra-abdominal infection 3 (9.4) 4 (5.4)   

Central nervous system infection 1 (3.1) 1 (1.4)   

Infection acquisition   0 0.091 

Community-acquired 18 (56.2) 28 (37.8)   

Nosocomial 14 (43.8) 46 (62.2)   

Relevant treatments, n (%)     

Antibiotic therapy 32 (100.0) 74 (100.0) 0 1.000 

Combination antibiotic therapy (≥2 agents) 18 (56.3) 55 (74.3) 0 0.073 

Three-agent antibiotic therapy 3 (9.4) 16 (21.6) 0 0.172 

Baseline laboratory variables     

WBC1 16.00 ± 7.72 14.41 ± 8.98 0 0.356 

NEU1 84.13 ± 9.73 82.88 ± 10.69 0 0.559 

HB1 11.38 ± 2.81 10.09 ± 2.30 0 0.027 

PLT1 272.19 ± 105.83 210.41 ± 132.18 0 0.013 

Urea1 83.47 ± 46.28 122.64 ± 89.32 0 0.004 

Creatinine1 1.40 ± 1.21 1.50 ± 1.10 0 0.683 

eGFR1 79.17 ± 64.40 88.67 ± 124.49 0 0.607 

CRP1 149.14 ± 119.34 148.29 ± 94.84 2 0.972 

PCT1 5.13 ± 9.74 8.89 ± 27.05 3 0.303 

Lactate1 2.07 ± 2.40 3.61 ± 4.28 0 0.020 

Bilirubin1 0.76 ± 0.75 0.90 ± 1.22 0 0.453 

Albumin 3.03 ± 0.55 2.76 ± 0.77 0 0.047 

Endocrine biomarkers     

Cortisol1 23.51 ± 13.77 36.94 ± 41.83 5 0.018 

DHEA1 10.08 ± 8.57 15.67 ± 18.19 4 0.037 

Cortisol/DHEA ratio 3.45 ± 2.46 3.91 ± 4.35 9 0.504 

Cortisol2 19.76 ± 10.95 20.05 ± 9.59 52 0.927 

DHEA2 9.38 ± 9.62 14.32 ± 16.12 48 0.154 

3.2. Correlation Analysis 

Correlation analyses were performed to examine the relationships among the study 

variables. In particular, age, disease severity scores (including SOFA and APACHE II), 

and biochemical biomarkers were jointly evaluated to better understand their interde-

pendencies and to assess the suitability of these variables for inclusion in subsequent mul-

tivariable analyses. 

Figure 1 illustrates the correlation matrix and corresponding correlation plot depict-

ing pairwise associations among age, clinical scores, and laboratory variables. The visual-

ization provides an integrated overview of correlations between patient demographics, 
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severity of illness indicators, inflammatory markers, metabolic parameters, and hormonal 

measurements. The strength and direction of correlations are represented by the size and 

color intensity of the coefficients, facilitating the identification of meaningful patterns and 

potential collinearity. 

 

Figure 1. Correlation matrix of clinical severity scores, laboratory parameters, and endocrine bi-

omarkers, including cortisol, DHEA, and the Cortisol/DHEA ratio. 

Correlation analysis revealed predominantly weak to moderate associations among 

the studied clinical, laboratory, and endocrine variables. Strong positive correlations were 

mainly observed between repeated measurements of the same biomarkers, indicating in-

ternal consistency of the laboratory data. In particular, creatinine, urea, lactate, PLT, and 

DHEA levels measured at different time points showed positive correlations with their 

corresponding repeated measurements. 

Moderate positive correlations were identified among selected inflammatory and he-

matological markers. CRP showed positive associations with PCT and WBC-related pa-

rameters, reflecting the expected inflammatory response pattern in critically ill septic pa-

tients. Negative associations were observed between HB and inflammatory markers, as 
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well as between PLT and selected markers of organ dysfunction, supporting the relation-

ship between systemic inflammation, hematological impairment, and disease severity. 

Regarding endocrine biomarkers, baseline cortisol showed weak to moderate posi-

tive correlations with SOFA score, urea, creatinine, and lactate. Baseline DHEA showed 

moderate positive correlations with SOFA score, bilirubin, creatinine, CRP, and lactate, 

while showing a negative association with PLT. 

The cortisol/DHEA ratio was also included in the correlation matrix to evaluate 

whether this combined endocrine stress index demonstrated stronger associations with 

disease severity or inflammatory markers than the individual hormone measurements. 

The ratio showed only weak correlations with SOFA score, CRP, PCT, lactate, urea, creat-

inine, and albumin, while it was moderately positively correlated with cortisol and mod-

erately negatively correlated with DHEA. 

Importantly, formal assessment of multicollinearity confirmed the absence of prob-

lematic collinearity among candidate predictors. VIFs were uniformly low (all VIFs < 2.0), 

and tolerance values exceeded 0.75 for all variables, supporting the inclusion of these pre-

dictors in subsequent multivariable regression analyses. 

3.3. Logistic Regression and Mortality Prediction 

Accordingly, univariate logistic regression analyses were conducted to assess the 

prognostic relevance of clinical severity scores for in-hospital mortality and to guide sub-

sequent multivariable model development. In univariate logistic regression analysis, 

SOFA score was significantly associated with mortality (OR = 1.41 per point increase, p = 

0.0002). In contrast, APACHE II and GCS showed only borderline associations with mor-

tality (p = 0.068 and p = 0.078, respectively). Figure 2 presents the ROC curves of SOFA, 

APACHE II, and GCS scores for predicting in-hospital mortality among patients with sep-

sis. As illustrated in Figure 2, SOFA score demonstrated the highest discriminative per-

formance, with an AUC of 0.75, indicating acceptable predictive accuracy. 

 

Figure 2. ROC curves for SOFA, APACHE II, and GCS scores in predicting in-hospital mortality. 

The gray diagonal line represents the no-discrimination reference line (AUC = 0.50). 
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Using the Youden index, the optimal SOFA cut-off value for mortality prediction was 

identified as 9.5, corresponding clinically to a SOFA score ≥10. At this threshold, SOFA 

score achieved a sensitivity of 62% and a specificity of 75%. This indicates that a SOFA 

score of 10 or higher correctly identified approximately 62% of patients who died, while 

correctly excluding 75% of survivors. However, the sensitivity of 62% indicates that 38% 

of patients who died were not identified by this threshold; therefore, the SOFA cut-off 

should be interpreted as a supportive risk-stratification measure rather than a standalone 

clinical decision rule. 

To further improve the predictive performance beyond that achieved by SOFA score, 

multivariable logistic regression modeling was subsequently employed. Candidate vari-

ables for the multivariable logistic regression model were selected based on univariate 

logistic regression analyses. Only variables showing a statistically significant association 

with mortality (p < 0.05) or borderline significance (p ≤ 0.10) were considered eligible for 

further evaluation. Based on univariate analyses, the following numerical variables met 

the predefined inclusion criteria: SOFA score (p < 0.001), Urea2 (p = 0.002), PLT2 (p = 0.005), 

HB1 (p = 0.020), PLT1 (p = 0.025), Urea1 (p = 0.027), Cortisol/DHEA (p = 0.031), APACHE 

II score (p = 0.069), HB2 (p = 0.072), GCS (p = 0.078), Lactate1 (p = 0.081), Albumin (p = 

0.083), Lactate 2 (p = 0.101), and age (p = 0.104). 

To ensure clinical interpretability and model stability, follow-up (second) laboratory 

measurements were not included in the multivariable model. Although some second 

measurements (e.g., Urea2, PLT2) demonstrated significant associations in univariate 

analyses, these variables are highly correlated with their baseline counterparts and pri-

marily reflect disease progression rather than baseline risk. Inclusion of both time points 

could introduce redundancy and collinearity; therefore, baseline measurements were 

preferentially selected. Similarly, among clinical severity scores, only SOFA score was in-

cluded in multivariable modeling. Other severity indices (e.g., APACHE II and GCS), de-

spite borderline significance in univariate analyses, were excluded due to conceptual 

overlap with SOFA and their limited additional contribution to model discrimination. 

A stepwise backward elimination approach was then applied. At each step, the var-

iable with the largest non-significant p-value was removed, and model performance was 

reassessed. Model discrimination was evaluated using the area under ROC curve (AUC). 

Variables that were not statistically significant were excluded because their inclusion did 

not result in a meaningful improvement in AUC, nor did their removal lead to a substan-

tial decrease in predictive performance. Consequently, only variables with statistically 

significant contributions were retained in the final model to achieve a parsimonious and 

clinically robust predictive model. Accordingly, the final multivariable model retained 

only SOFA, PLT, and Urea, achieving a balance between parsimony and predictive accu-

racy while remaining firmly grounded in both univariable screening results and overall 

model performance. Although PLT is included as a component of SOFA score, it is incor-

porated in a categorical, threshold-based format, whereas in our model, PLT was included 

as a continuous variable. This allows platelet levels to provide additional prognostic in-

formation beyond the ordinal SOFA sub-score. Furthermore, no evidence of problematic 

multicollinearity was observed between SOFA score and PLT because the correlation be-

tween them is −0.23 (Figure 1). Importantly, exclusion of PLT led to a decrease in model 

discrimination (AUC), supporting its independent and incremental prognostic value. 

The model is given in Table 2. Accordingly, SOFA score was the strongest prognostic 

factor in the model. Each one-point increase in SOFA score was associated with a 39% 

increase in the odds of mortality (OR = 1.39, p < 0.001), highlighting the critical impact of 

progressive multiorgan dysfunction on patient outcomes. 

Table 2. Multivariable logistic regression analysis for mortality. 
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Variable β Coefficient 95% CI Std. Error OR p 

Intercept −2.135 0.013–1.044 1.111 0.12 0.055 

SOFA score 0.330 1.15–1.69 0.099 1.39 <0.001 

PLT1 −0.0043 0.919–0.998 0.0021 0.996 0.042 

Urea1 0.0106 1.020–1.212 0.0044 1.01 0.016 

AUC: 0.7956, Null Deviance: 129.84, Residual Deviance: 103.05, Akaike Information Criterion (AIC): 

111.05. 

Bootstrap internal validation supported the internal performance of the final multi-

variable logistic regression model and indicated limited optimism. The apparent AUC 

was 0.7956, with a mean optimism of 0.0203, resulting in an optimism-corrected AUC of 

0.7753 after 1000 bootstrap resamples. The apparent Brier score was 0.1622, and the boot-

strap mean Brier score was 0.1692. Apparent calibration yielded an intercept of 0.000 and 

a slope of 1.000. After bootstrap correction, the optimism-corrected calibration intercept 

was 0.001 and the optimism-corrected calibration slope was 0.901, suggesting limited 

overfitting and no substantial systematic miscalibration within the development cohort. 

In addition to global organ dysfunction, alterations in hematological parameters 

were also independently associated with mortality. PLT was inversely associated with 

mortality. Higher platelet levels were independently linked to a reduced risk of death (OR 

= 0.996 per unit increase, p = 0.042). In contrast, the urea level was positively associated 

with mortality risk. Each 1 mg/dL increase in urea corresponded to an approximately 1% 

increase in the odds of death (OR = 1.01, p = 0.016). 

Importantly, the model demonstrated acceptable discriminative performance (AUC 

= 0.7956), indicating that such individual risk estimates were generated within a frame-

work capable of reliably distinguishing survivors from non-survivors. Overall, this parsi-

monious model integrates markers of multiorgan failure, hematological status, and renal 

function, providing a clinically coherent framework for mortality risk stratification in pa-

tients with sepsis. 

To illustrate the clinical applicability of the final multivariable logistic regression 

model, a patient with a SOFA score of 15, PLT of 300 × 109/L, and urea level of 50 mg/dL 

has an estimated mortality probability of 88.6%, as shown below. 

𝑃(𝑀𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦) =
1

1 + 𝑒−(−2.135+0.330∗𝑆𝑜𝑓𝑎+0.0106∗𝑈𝑟𝑒−0.0043∗𝑃𝑙𝑎𝑡𝑒𝑙𝑒𝑡)
=

1

1 + 𝑒−(−2.135+0.330∗15+0.0106∗50−0.0043∗300)
= 0.886  

Apparent calibration of the final multivariable logistic regression model was evalu-

ated by comparing predicted and observed mortality probabilities across 10 risk groups 

and by overlaying a LOESS curve (Figure 3). The apparent calibration intercept was 0.000 

and the apparent calibration slope was 1.000. After 1000 bootstrap resamples, the opti-

mism-corrected calibration intercept was 0.001 and the optimism-corrected calibration 

slope was 0.901, indicating limited overfitting and no substantial systematic miscalibra-

tion within the development cohort. The apparent Brier score was 0.1622, while the boot-

strap mean Brier score was 0.1692. Because calibration was assessed in the same cohort 

used for model development, these findings should be interpreted as evidence of internal 

model performance rather than independent validation of clinical reliability or generali-

zability. 
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Figure 3. Apparent calibration plot of the final multivariable logistic regression model for in-hospi-

tal mortality. The blue line and points represent the observed mortality rates across the risk groups, 

the orange line represents the LOESS curve, and the gray dashed diagonal line represents perfect 

calibration. 

3.4. Cox Proportional Hazards Analysis 

To complement the binary mortality analyses and to account for differences in the 

timing of death after sepsis onset, time-to-event analyses were performed using Cox pro-

portional hazards regression. In univariable Cox analyses, several clinical and laboratory 

parameters were associated with the hazard of death. Candidate variables for the multi-

variable Cox proportional hazards model were selected based on the results of univariable 

Cox regression analyses. Variables showing a statistically significant association with 

mortality (p < 0.05) or borderline significance (p ≤ 0.10) were considered eligible for further 

evaluation. 

Based on univariate Cox analyses, the following variables met the predefined selec-

tion criteria: SOFA score (p < 0.001), Lactate1 (p < 0.001), Lactate2 (p < 0.001), Cortisol1 (p < 

0.001), DHEA1 (p < 0.001), DHEA2 (p < 0.001), PLT1 (p < 0.001), PLT2 (p = 0.001), Creati-

nine1 (p = 0.09), Creatinine2 (p = 0.012), Albumin (p = 0.013), Bilirubin1 (p = 0.017), Biliru-

bin2 (p = 0.036), Urea1 (p = 0.059), and age (p = 0.078). 

To ensure clinical interpretability and model stability, follow-up (second) laboratory 

measurements were not included in the final multivariable Cox proportional hazards 

model, despite their statistical significance in univariate analyses. These measurements 

primarily reflect disease progression over time and are highly correlated with baseline 

values. Including both time points could introduce redundancy and collinearity; there-

fore, baseline measurements were preferentially selected. Similarly, among clinical sever-

ity indices, only SOFA score was included in multivariable survival modeling. Other 

scores were excluded due to conceptual overlap with SOFA and their limited additional 

prognostic contribution. 

A stepwise backward elimination approach was applied during multivariable Cox 

model construction. At each step, variables with the largest non-significant p-values were 

sequentially removed, and model performance was simultaneously evaluated using Har-

rell’s C-index. Non-significant variables were excluded when their inclusion did not lead 

to a meaningful improvement in concordance. This strategy allowed the construction of a 
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parsimonious and clinically interpretable survival model while preserving discriminatory 

performance. 

The final multivariable Cox proportional hazards model is given in Table 3. Accord-

ingly, SOFA score, Lactate1, Cortisol1, Albumin1, and Platelet1 count remained inde-

pendently associated with mortality. The model demonstrated good discriminatory abil-

ity, with a C-index of 0.744, indicating acceptable survival prediction performance. Over-

all, the model showed strong global significance, as indicated by the likelihood ratio (LR), 

Wald, and log-rank tests (all p < 0.001), confirming that the selected variables collectively 

provide meaningful prognostic information for mortality risk. Also, the proportional haz-

ards assumption was formally assessed using Schoenfeld residuals. No significant viola-

tions of the proportional hazards assumption were detected at the global level, supporting 

the validity of the Cox model and the interpretation of HRs as constant over time. 

Table 3. Final multivariable Cox proportional hazards model for time to death after sepsis onset. 

Variable HR 95% Confidence Interval p Value 

SOFA score 1.14 1.03–1.27 0.014 

PLT1 0.998 0.996–1.000 0.033 

Cortisol1 1.014 1.007–1.022 <0.001 

Lactate1 1.10 1.03–1.18 0.004 

Albumin1 0.64 0.46–0.90 0.009 

Model characteristics: n = 101 (5 NAs removed); deaths = 71; C-index = 0.744. Model fit: LR p = 3 × 

10−9; Wald p = 10−9; Score p = 2 × 10−11. HRs greater than 1 indicate an increased hazard of death, 

whereas values below 1 indicate a protective effect. Variables were selected based on clinical rele-

vance and stepwise Cox regression analyses. 

Across the final multivariable models, SOFA score and PLT were retained in both the 

final multivariable logistic regression model and Cox proportional hazards models. Urea 

was retained only in the final multivariable logistic regression model, whereas cortisol, 

lactate, and albumin were retained only in the final multivariable Cox proportional haz-

ards model. Baseline DHEA was significantly associated with the hazard of death in uni-

variable Cox analysis but was not retained in the final multivariable Cox proportional 

hazards model. The cortisol/DHEA ratio was significantly associated with in-hospital 

mortality in univariable logistic regression analysis (p = 0.031), but this association did not 

persist after multivariable adjustment (p = 0.583); the ratio was also not significantly asso-

ciated with the hazard of death in univariable Cox analysis (HR = 1.04, 95% CI: 0.97–1.11, 

p = 0.291). 

4. Discussion 

Logistic regression and Cox proportional hazards regression provided complemen-

tary information regarding prognosis in this cohort. Logistic regression modeled in-hos-

pital mortality as a binary outcome, whereas Cox regression estimated associations with 

the hazard of death while accounting for follow-up time and censoring. Across both final 

multivariable models, SOFA score and PLT showed consistent prognostic associations. 

Higher SOFA scores were associated with both greater odds of in-hospital mortality and 

a higher hazard of death, reinforcing the central prognostic role of organ dysfunction se-

verity in sepsis. Similarly, higher PLTs were associated with lower odds of in-hospital 

mortality and a lower hazard of death, supporting the prognostic relevance of thrombo-

cytopenia in critically ill patients. 

Differences between the two final models were also observed. Urea was inde-

pendently associated with in-hospital mortality in the final multivariable logistic regres-

sion model but was not retained in the final multivariable Cox proportional hazards 

https://doi.org/10.3390/jcm15155969


J. Clin. Med. 2026, 15, 5969 13 of 20 
 

https://doi.org/10.3390/jcm15155969 

model. In contrast, cortisol, lactate, and albumin were not retained in the final multivari-

able logistic regression model but remained independently associated with the hazard of 

death in the final multivariable Cox proportional hazards model. These differences likely 

reflect the distinct outcome structures addressed by the two approaches rather than con-

tradictory findings, because logistic regression evaluates a binary endpoint whereas Cox 

regression incorporates follow-up time and censoring. 

Regarding the endocrine biomarkers that constituted the primary focus of the study, 

baseline DHEA was significantly associated with the hazard of death in univariable Cox 

analysis but was not retained in the final multivariable Cox proportional hazards model. 

Accordingly, this association should be interpreted as unadjusted rather than independ-

ent. The cortisol/DHEA ratio showed a significant association with in-hospital mortality 

in univariable logistic regression analysis (p = 0.031), but this association was attenuated 

after multivariable adjustment (p = 0.583). The ratio was also not significantly associated 

with the hazard of death in univariable Cox analysis (HR = 1.04, 95% CI: 0.97–1.11, p = 

0.291). Collectively, these findings suggest that although individual endocrine biomarkers 

showed associations with prognosis, the cortisol/DHEA ratio did not provide independ-

ent prognostic information beyond established clinical and laboratory predictors. 

Despite the availability of multiple risk scoring systems for monitoring high-risk pa-

tients in intensive care, none of them are sufficiently accurate to predict mortality with 

adequate sensitivity and specificity [16]. The inclusion of new biomarkers represents a 

fundamental task that can improve prognostic capability and guide therapeutic interven-

tions in septic patients. The dramatic alterations in cortisol and DHEA levels observed 

during severe sepsis reflect a well-documented ‘adrenal steroidogenic shift’ or ‘cortisol–

androgen dissociation.’ Under conditions of hyperinflammation and septic shock, sus-

tained activation of the HPA axis, driven by pro-inflammatory cytokines, shifts the enzy-

matic pathways within the adrenal cortex [6]. 

Activation of the HPA axis is a key component of the overall response to illness [5]. 

During sepsis, upregulation of adrenal androgens such as cortisol and DHEA has been 

described, but this has not been observed for DHEAS. In one cross-sectional study involv-

ing 181 patients with septic shock, 31 patients with acute trauma, and 60 healthy controls, 

serum cortisol, DHEA, and DHEAS were measured before and 60 min after adrenocorti-

cotropic hormone (ACTH) stimulation [8]. In both septic shock and trauma patients, se-

rum cortisol was elevated and DHEAS was decreased (p < 0.001), whereas DHEA was 

significantly increased in sepsis compared to healthy controls (p < 0.001); notably, neither 

cortisol nor DHEA showed a significant further rise after ACTH stimulation in sepsis, and 

most critically ill patients exhibited higher cortisol (p = 0.069), lower DHEA (p = 0.076), 

and significantly higher cortisol/DHEA ratios (p = 0.004); similarly, non-survivors of septic 

shock had markedly elevated cortisol/DHEA ratios, while survivors showed ratios com-

parable to controls. 

Numerous studies have demonstrated the role of cortisol and adrenal androgens as 

prognostic factors in septic patients [3,12,14,17,18]. For example, in a study of 179 cases 

where disease severity was assessed using the Pneumonia Severity Index, Kaplan–Meier 

analysis revealed a higher risk of death in patients in the highest deciles of cortisol, DHEA, 

and cortisol/DHEAS ratio. The authors indicated that cortisol, DHEAS, and their ratios 

are associated with the severity of community-acquired pneumonia, and that cortisol and 

DHEA can be used to predict mortality. Adrenal function may be an important factor in 

the outcomes of severe pneumonia [14]. A dissociation between cortisol and DHEAS, 

characterized by elevated cortisol and reduced DHEAS levels, was observed in cirrhotic 

patients also who died from septic shock. A lower DHEAS-to-cortisol ratio was associated 

with greater disease severity, increased inflammation, and CIRCI, suggesting its potential 

value as a prognostic marker [15]. 
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Considering their immunomodulatory effects, it has been proposed that increases in 

the cortisol/DHEA and cortisol/DHEAS ratios could represent novel prognostic markers 

in septic patients [8,12,14]. A previous study investigated the time-dependent changes in 

DHEA, DHEAS, cortisol, adrenocorticotropin, and inflammatory variables in survivors (n 

= 15) and non-survivors (n = 15) of severe sepsis. During early sepsis, DHEAS levels (meas-

ured as a percentage of age-matched normal levels) were significantly higher in survivors 

than in non-survivors. DHEAS levels decreased in survivors over time (𝑝 = 0.0001) but 

remained consistently low in non-survivors during late sepsis. Similarly, DHEA levels did 

not show a significant rise in survivors compared to non-survivors during early sepsis. 

DHEA subsequently decreased in survivors during late sepsis (𝑝 < 0.01), whereas no such 

decrease was observed in the non-survivor group. Ultimately, the DHEAS/cortisol ratio 

decreased significantly in both survivors and non-survivors, while the DHEA/cortisol ra-

tio decreased exclusively in survivors [12]. 

The pattern of adrenal–androgen dissociation is also highly consistent with special-

ized, high-risk critical care models, such as cirrhotic patients who develop spontaneous 

bacterial peritonitis. In the presence of localized peritoneal infections and severe systemic 

inflammation, non-surviving patients similarly exhibit a profound reduction in the 

DHEAS to cortisol ratio. This lower ratio correlates directly with acute pro-inflammatory 

cytokine surges, elevated baseline SOFA scores, and increased hospital mortality, further 

establishing the cortisol–androgen imbalance as a universal surrogate for critical illness 

severity [19]. 

This inflammation-driven neuroendocrine dissociation is not unique to classic bacte-

rial sepsis; it represents a unified pathological hallmark across severe viral hyperinflam-

matory states as well, most notably demonstrated in COVID-19. Clinical investigations 

mapping the adrenal profile of hospitalized COVID-19 patients have revealed an identical 

pattern of severe steroidogenic disruption. Specifically, severe and critically ill viral pa-

tients demonstrate significantly elevated baseline cortisol concentrations alongside a 

marked depletion of adrenal androgens like DHEAS, resulting in a profoundly elevated 

cortisol/DHEAS ratio compared to mild cases and healthy controls. Crucially, this special-

ized neuroendocrine shift demonstrates an intricate biological link to systemic hyperin-

flammation; an increased cortisol/adrenal androgen ratio correlates directly with acute 

phase reactants and cellular damage markers [9]. These cumulative findings from viral 

sepsis models reinforce our own observations in general ICU sepsis. 

According to our findings, although baseline cortisol and DHEA levels were signifi-

cantly higher among non-survivors, the cortisol/DHEA ratio did not show a significant 

association with either time to death (HR = 1.04, 95% CI: 0.97–1.11, p = 0.291) or in-hospital 

mortality (OR ≈ 1.04, p = 0.583). Furthermore, this ratio failed to achieve independent sta-

tistical significance in the final multivariable Cox proportional hazards model and logistic 

regression models that included established prognostic factors such as SOFA score. Alt-

hough a previous study reported a higher cortisol/DHEA ratio in non-survivors of septic 

shock, whether this ratio is a clear prognostic tool independent of clinical scores remains 

debatable [8]. Indeed, our findings parallel previous research indicating that the corti-

sol/DHEA ratio does not provide a superior predictive ability over cortisol alone for pre-

dicting short- and medium-term (in-hospital or 28-day) mortality, and that adrenal ratios 

may only become significant in long-term (90-day) follow-ups [13]. During the acute 

phase of sepsis, since parameters such as baseline DHEA and SOFA score [16]—which 

reflects the degree of rapid tissue-level metabolic breakdown and organ dysfunction—

provide sufficient prognostic information on their own, calculating the ratio of these two 

hormones may not offer an additional independent contribution in multivariable models. 

Several factors may explain why the cortisol/DHEA ratio failed to demonstrate inde-

pendent prognostic value in our study, despite contrary findings in the literature. First, 
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the overriding statistical weight of acute organ dysfunction metrics—specifically the 

SOFA score, PLT, and serum urea—entirely attenuated the ratio’s predictive power in our 

multivariable models, suggesting it functions primarily as a collinear surrogate of global 

tissue-level injury rather than an independent prognostic driver. Second, our cohort’s ad-

vanced mean age (73.63 ± 13.70 years) may have narrowed the variance of this endocrine 

metric, as adrenal androgen synthesis naturally and severely declines with age. Finally, 

while acute individual hormone elevations capture immediate survival trajectories, com-

plex composite endocrine ratios may require longer follow-up windows (e.g., 90 days) to 

reveal their impact on persistent immunoparalysis, rendering them less sensitive for pre-

dicting short-term in-hospital mortality. 

In our cohort, SOFA score remained the dominant predictor of mortality in multivar-

iable analysis, consistent with the conceptual purpose of SOFA as a structured summary 

of acute multiorgan dysfunction. Mortality after sepsis onset was evaluated using both 

logistic regression and Cox proportional hazards models in order to capture complemen-

tary aspects of outcome prediction. While logistic regression was used to identify factors 

associated with the occurrence of mortality, Cox regression enabled assessment of the tim-

ing of death, thereby providing a more nuanced understanding of sepsis-related out-

comes. 

Across both modeling approaches, SOFA score emerged as the most consistent and 

robust predictor. In logistic regression, higher SOFA scores were independently associ-

ated with increased odds of mortality, reflecting the established role of cumulative organ 

dysfunction in determining overall survival. This finding was reinforced by Cox regres-

sion analyses, in which higher SOFA scores were associated with an increased hazard of 

death, indicating that greater organ failure burden not only increased the likelihood of 

mortality but also accelerated its occurrence. The concordance of SOFA across both mod-

els underscores its central role in sepsis prognostication and is consistent with other stud-

ies in the literature [20–22]. Recent syntheses and comparative studies generally report 

that SOFA outperforms simpler screening tools such as Systemic inflammatory response 

syndrome (SIRS), National Early Warning Score (NEWS) and often performs similarly or 

better than alternative scoring approaches [23,24]. 

Beyond SOFA, we identified PLT and urea as independent predictors, which is clin-

ically plausible and consistent with sepsis pathobiology. Thrombocytopenia is commonly 

interpreted as a marker of sepsis-associated coagulopathy, endothelial activation, and mi-

crovascular injury. Similarly, elevated urea likely reflects renal dysfunction, systemic hy-

poperfusion, and catabolic stress. Importantly, these parameters provided incremental 

prognostic information beyond the aggregated SOFA score, suggesting that continuous 

laboratory measures may capture risk gradients not fully represented by SOFA’s categor-

ical component thresholds. 

PLT demonstrated a protective association in both the final multivariable logistic re-

gression model and the final multivariable Cox proportional hazards model, suggesting 

that thrombocytopenia is associated with greater in-hospital mortality risk and a higher 

hazard of death during follow-up. These findings support the prognostic relevance of PLT 

in sepsis and are consistent with previous reports linking thrombocytopenia to disease 

severity, coagulopathy, and adverse outcomes [25,26]. 

Baseline urea level showed a similar pattern. Its association with mortality in the final 

multivariable logistic regression model and in the final multivariable Cox proportional 

hazards model indicates that renal dysfunction contributes to both the risk and timing of 

death in sepsis. However, urea did not remain significant in the Cox models, suggesting 

that its prognostic effect may overlap with other markers of systemic illness severity ra-

ther than representing an independent driver of early mortality [27]. 

https://doi.org/10.3390/jcm15155969


J. Clin. Med. 2026, 15, 5969 16 of 20 
 

https://doi.org/10.3390/jcm15155969 

In contrast, lactate level emerged as a strong and consistent predictor in Cox regres-

sion analyses but was not emphasized in the final multivariable logistic regression model. 

This finding highlights an important distinction between the two modeling approaches. 

Elevated lactate levels primarily reflect impaired tissue perfusion and metabolic stress, 

factors that are closely linked to rapid clinical deterioration. Consequently, lactate appears 

to be particularly informative for identifying patients at risk of early death rather than for 

predicting mortality as a binary outcome. This temporal sensitivity is more effectively 

captured by time-to-event analysis than by logistic regression [28]. 

Similarly, serum albumin and cortisol levels were not retained as independent pre-

dictors in the final multivariable logistic regression model but emerged as significant de-

terminants of mortality timing in Cox analyses. Lower albumin levels may reflect a com-

bination of malnutrition, systemic inflammation, and capillary leakage, all of which can 

accelerate adverse outcomes. Elevated cortisol levels likely represent an intensified stress 

response, which may be more relevant to the speed of clinical decline than to mortality 

occurrence alone. These findings suggest that nutritional and endocrine factors play a 

greater role in shaping the trajectory of sepsis rather than simply determining survival 

status [13,29]. 

The robust positive association between elevated baseline cortisol levels and an in-

creased hazard of early mortality observed in our cohort holds significant implications for 

the ongoing clinical debate surrounding moderate-dose corticosteroid therapy in sepsis. 

In international guidelines, such as the Surviving Sepsis Campaign, the administration of 

intravenous hydrocortisone (typically at a moderate dose of 200 mg/day) is recommended 

only for patients with septic shock who remain hemodynamically unstable despite ade-

quate fluid resuscitation and vasopressor therapy. The physiological rationale behind this 

targeted therapy is to overcome critical illness-related corticosteroid insufficiency (CIRCI) 

or systemic glucocorticoid receptor resistance. This approach is guided by major random-

ized controlled trials, which demonstrated that while moderate-dose hydrocortisone ac-

celerates shock reversal and increases vasopressor-free days, its impact on ultimate all-

cause binary mortality reduction varies depending on baseline patient case-mix and the 

severity of systemic shock [30,31]. Our findings demonstrate that patients with accelerated 

mortality trajectories already possess massive endogenous hypercortisolemia at baseline, 

likely representing an extreme, uncompensated counter-regulatory stress response. This 

supports the clinical paradigm that unguided, universal administration of exogenous ster-

oids across all sepsis severities may be redundant or potentially detrimental due to the 

risks of prolonged immunosuppression and secondary metabolic derangements. Instead, 

moderate-dose corticosteroid interventions should remain strictly reserved for refractory 

shock states where tissue-level corticosteroid activity is functionally exhausted, empha-

sizing the potential future utility of tracking baseline endogenous steroid profiles to guide 

personalized critical care therapeutics. 

Importantly, our findings should be interpreted within the context of the existing 

sepsis prognostic literature. The independent associations observed for SOFA score, PLT, 

lactate, albumin, and renal dysfunction are largely consistent with well-established pre-

dictors of adverse outcomes and therefore primarily validate the clinical characteristics of 

our cohort rather than represent novel observations. The principal contribution of the pre-

sent study lies in its evaluation of adrenal hormonal biomarkers. Although baseline corti-

sol and DHEA demonstrated significant associations in univariable analyses and cortisol 

remained independently associated with time to death in the Cox model, the primary en-

docrine hypothesis was only partially supported because the cortisol/DHEA ratio did not 

retain independent prognostic significance after adjustment for established clinical pre-

dictors. These findings suggest that hormonal biomarkers may provide complementary 
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pathophysiological and temporal information but should currently be regarded as adjunc-

tive rather than replacement prognostic markers in sepsis. 

Several limitations should be acknowledged. First, this was a retrospective, single-

center study with a relatively limited sample size, which may restrict the generalizability 

of the findings. Second, although internal validation was performed using 1000 bootstrap 

resamples, no external validation cohort was available; therefore, the prognostic perfor-

mance of the models should be considered internally validated but not externally con-

firmed. Third, the use of univariable screening followed by stepwise backward selection 

may increase the risk of model instability and overfitting, even though optimism-cor-

rected performance estimates suggested only limited optimism. Fourth, missing data in 

some covariates required complete-case analysis for multivariable modeling, which may 

have introduced selection bias. Finally, because cortisol and DHEA measurements were 

obtained retrospectively from routine clinical data, dynamic endocrine responses over 

longer follow-up periods could not be fully evaluated. Future prospective, multicenter 

studies with external validation are needed to confirm these findings and clarify the clin-

ical utility of endocrine biomarkers in sepsis prognosis. 

5. Conclusions 

In our study, baseline cortisol and DHEA levels were significantly higher among 

non-survivors, whereas the cortisol/DHEA ratio did not differ significantly between sur-

vival groups. Higher baseline DHEA was associated with time to death in univariable 

analysis. The cortisol/DHEA ratio does not provide an additional independent prognostic 

value over established clinical and laboratory parameters (e.g., SOFA score). These results 

demonstrate that the dynamics of individual biomarkers and organ failure scores remain 

the most decisive elements in evaluating the adrenal endocrine response in sepsis. How-

ever, given the exploratory, retrospective, single-center nature of the study and the ab-

sence of external validation, these results must be interpreted with caution. While our data 

highlight distinct acute changes in individual baseline adrenal steroid concentrations dur-

ing severe systemic infection, established clinical indices of multi-organ failure and rou-

tine laboratory measures remain the most definitive elements for clinical risk stratification. 
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eligible patients—including those admitted since March 2022—and extracted their previously rec-

orded clinical data. Retrospective data collection commenced only after 27 April 2022, and was con-

ducted periodically in batches as patients completed their ICU stays up through March 2025. No 
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ics approval was secured prior to any research access or processing of patient data, in full compli-

ance with institutional policies and national guidelines for retrospective research. 
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