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Abstract

Aims/Background Sepsis is a life-threatening condition resulting from dysregulated immune responses
to infection, leading to organ dysfunction. High-density lipoprotein (HDL) and red cell distribution
width (RDW) have shown significant correlations with sepsis severity, yet the combined prognostic
value of HDL and RDW in evaluating sepsis severity and outcomes remains unclear. This study ex-
amines the relationship between HDL and RDW levels and sepsis severity, as well as evaluates the
combined utility of these markers in predicting disease severity and patient outcomes.

Methods This retrospective study included 103 patients diagnosed with sepsis. Clinical data, including
HDL and RDW levels, were collected for analysis. Patients were divided into shock and non-shock
groups based on the presence of septic shock and into survival and death groups based on 30-day in-
hospital mortality. Multivariate logistic regression was used to identify factors influencing sepsis sever-
ity and prognosis, while the predictive value of HDL in combination with RDW was evaluated using
receiver operating characteristic (ROC) curve analysis.

Results Multivariate analysis identified sequential organ failure assessment (SOFA) score (OR = 6.566),
interleukin-6 (IL-6) (OR = 2.568), HDL (OR = 0.864), and RDW (OR = 4.052) as independent predic-
tors of sepsis severity (p < 0.05 for all). ROC analysis demonstrated that HDL combined with RDW
yielded the highest diagnostic accuracy for sepsis severity, with an area under curve (AUC) of 0.962,
sensitivity of 97.56%, and specificity of 91.94%. Additionally, SOFA score (OR =2.354), interleukin-6
(IL-6) (OR = 1.446), HDL (OR = 0.870), and RDW (OR = 3.502) were independent prognostic indi-
cators (p < 0.05 for all). ROC analysis for prognosis showed that HDL combined with RDW had the
highest predictive efficacy for the prognosis of sepsis, with an AUC of 0.922, sensitivity of 79.31%,
and specificity of 93.24%.

Conclusion The combination of HDL and RDW is a robust indicator for the evaluation of sepsis severity
and is a valuable prognostic tool for assessing 30-day mortality risk in sepsis patients.
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Introduction

Sepsis is characterized by organ dysfunction resulting from an abnormal im-
mune response to infection, with the uncontrolled systemic inflammatory response
being the primary cause of multiple organ dysfunction. This inflammatory dys-
regulation leads to elevated levels of inflammatory mediators, posing a severe risk
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to patient survival (Liu et al, 2022; Yang et al, 2023). Despite advances in clini-
cal treatment, the mortality rate for sepsis remains high, ranging from 30%—70%.
Early identification of sepsis severity and prognosis, followed by timely and effec-
tive therapeutic interventions, is crucial for improving patient outcomes (Bauer et
al, 2020; Weng et al, 2023).

Traditionally, sepsis severity has been assessed using scoring systems such as
the sequential organ failure assessment (SOFA) score and the acute physiology and
chronic health evaluation (APACHE II). However, these scoring systems are com-
plex and may delay early disease evaluation, limiting their utility for rapid clinical
decision-making (Asai et al, 2021; Sevransky et al, 2021). Recent studies have
shown that in sepsis patients, especially those with septic shock, serum levels of
high-density lipoprotein (HDL) are significantly reduced, while the level of red cell
distribution width (RDW) is markedly elevated. Furthermore, HDL and RDW lev-
els have shown high sensitivity and specificity in the evaluation of sepsis prognosis,
suggesting that changes in these biomarkers may be valuable for evaluating disease
severity and prognosis (Rohatgi et al, 2021; Stasi et al, 2021; Xu et al, 2023a).

While previous research has explored the prognostic value of HDL or RDW in-
dividually or in combination with other clinical indicators, few studies have specif-
ically investigated the combined use of HDL and RDW in the assessment of sepsis
severity (Barker et al, 2021; Liu et al, 2023; Xu and Qi, 2023b; Zhang et al, 2022).
This study aimed to determine the sensitivity and specificity of HDL combined with
RDW to predict sepsis severity and assess the disease prognosis.

Methods

General Information

This retrospective study included 103 sepsis patients treated in the Intensive
Care Unit (ICU) of the Second People’s Hospital of Jingdezhen, Jiangxi Province,
between January 2015 and January 2020. The study was approved by the Ethics
Committee of the Second People’s Hospital of Jingdezhen (Ethics Approval Num-
ber: 2021-LLSWJWKY-009). This study was conducted in line with the principles
of the Helsinki Declaration, and informed consent was obtained from all partici-
pants.

Inclusion criteria: (1) In line with the diagnostic criteria for sepsis, as per
Singer et al (2016), with a SOFA score increase of >2 points from baseline due
to infection-related inflammation. (2) Patients aged >18 years. (3) ICU admission
for >24 hours. (4) Availability of complete clinical data.

Exclusion criteria: (1) Pregnant or lactating women. (2) Patients with hemato-
logic or immune system disorders. (3) Patients with acute cardiovascular or cere-
brovascular diseases. (4) Patients with malignant tumors. (5) Patients with gas-
trointestinal bleeding. (6) Patients who have undergone splenectomy. (7) Patients
who have discontinued treatment. (8) Patients with severe liver disease or nephrotic
syndrome. (9) Patients with a history of organ transplantation.
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Data Collection and General Information

General patient information was collected from electronic medical records, in-
cluding age, sex, and comorbidities. SOFA and APACHE II scores were evaluated
upon admission. The SOFA score (range: 0—24) evaluates multiple organ systems,
such as the respiratory system, central nervous system, and cardiovascular system,
with higher scores indicating more severe disease. The APACHE II score (range:
0-71) includes assessments of acute physiology, age, and chronic health conditions,
with higher scores correlating with greater disease severity.

Clinical Data Collection

Patient data, including temperature, respiratory rate, blood pressure, and urine
output, were recorded within 24 hours of admission. Fasting blood samples col-
lected within 24 hours of admission were analyzed in the laboratory for levels of
platelets (PLT), neutrophil (N), D-dimer (DD), procalcitonin (PCT), interleukin-6
(IL-6), white blood cell count (WBC), C-reactive protein (CRP), HDL, RDW, and
other relevant biomarkers.

Grouping Method

Patients were divided into groups based on disease severity: a shock group (41
cases) and a non-shock group (62 cases), according to the presence of septic shock
(Evans et al, 2021). Additionally, patients were divided into a survival group (74
cases) and a death group (29 cases) based on survival within 30 days of hospitaliza-
tion. The study flowchart that outlines the key steps in the research process, from
patient selection to data analysis, is presented in Fig. 1.

Statistical Methods

Data were analyzed using SPSS 25.0 statistical software (IBM Corp., Armonk,
NY, USA). Categorical data were expressed as frequencies (n, %) and analyzed
using the chi-square (x2) test for nominal variables or rank-sum test for ordinal
variable (Z). Continuous variables with normal distribution were expressed as mean
= standard deviation (X + s) and analyzed using the ¢-test. Logistic regression was
used to identify factors influencing sepsis severity and prognosis. The predictive
value of HDL combined with RDW for sepsis severity and prognosis was evaluated
using receiver operating characteristic (ROC) curve analysis. A p-value < 0.05 was
considered statistically significant.

Results

Logistic Regression Analysis of Factors Influencing Sepsis Severity

Baseline data for patients in the shock and non-shock groups are presented in
Supplementary Table 1, while the assignment of factors related to sepsis severity
is shown in Table 1. Univariate logistic regression analysis revealed statistically
significant differences in SOFA score, APACHE II score, DD, IL-6, CRP, HDL,
and RDW levels (p < 0.05 for all comparisons). Multivariate logistic regression
analysis identified SOFA score (OR = 6.566), IL-6 (OR = 2.568), HDL (OR =
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Fig. 1. Study flowchart. ROC, receiver operating characteristic.

0.864), and RDW (OR = 4.052) as independent predictors for sepsis severity (p <
0.05 for all), as shown in Table 2.

ROC Curve Analysis for Predicting Sepsis Severity

A binary logistic regression was constructed to assess the predictive power
of HDL and RDW for sepsis severity: Logit(P) = 0.759 — 1.029 X _HDL + 0.800
X_RDW. The Hosmer-Lemeshow test the result (x? = 8.629, p = 0.375) indicating
that the model had high goodness of fit. The ROC curve analysis showed that
HDL combined with RDW achieved the highest diagnostic efficacy for predicting
sepsis severity, with an area under curve (AUC) of 0.962, sensitivity of 97.56%,
and specificity of 91.94% (Table 3 and Fig. 2).

Multivariate Logistic Regression Analysis of Factors Influencing Sepsis
Prognosis

Baseline data for sepsis patients in the survival and death groups are shown in
Supplementary Table 2, with the assignment of prognosis-related factors shown
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Table 1. Definition and assignment of severity-related factors.

Factor Name  Assignment method
Septic shock occurrence Y Yes=1,No=0

SOFA score X1 Continuous variable
APACHE II score X2 Continuous variable
DD X3 Continuous variable
IL-6 X4 Continuous variable
CRP X5 Continuous variable
HDL X6 Continuous variable
RDW X7 Continuous variable

SOFA, sequential organ failure assessment score;
APACHE 11, acute physiology and chronic health evalua-
tion; DD, D-dimer; IL-6, interleukin-6; CRP, C-reactive
protein; HDL, high-density lipoprotein; RDW, red cell
distribution width.

Table 2. Logistic regression analysis of factors influencing sepsis severity.

) Univariate analysis Multivariate analysis
Variable
B p-value OR (95% CI) B p-value OR (95% CI)

SOFA score 0.608 <0.001 1.836(1.367-2.466) 1.882  0.031 6.566 (1.193-36.146)
APACHE Il score 0.187 <0.001 1.206 (1.101-1.320) 0.274  0.284  1.315(0.797-2.170)
DD 1.826  0.004 6.212 (1.786-21.605) 0.253 0366  1.288 (0.744-2.227)
IL-6 0.591 <0.001 1.807(1.427-2.287) 0943  0.040 2.568 (1.044-6.317)
CRP 0.088  0.001 1.092 (1.037-1.150)  0.094  0.379  1.098 (0.891-1.354)
HDL -1.063 <0.001 0.345(0.231-0.517) —0.146 0.011 0.864 (0.772-0.967)
RDW 0.721 <0.001 2.056 (1.524-2.773) 1399  0.025 4.052 (1.193-13.756)

in Supplementary Table 3. Univariate logistic regression analysis indicated sta-
tistically significant differences in SOFA score, APACHE II score, DD, PCT, IL-6,
CRP, HDL, and RDW levels between the groups (p < 0.05 for all). In the multivari-
ate logistic regression, SOFA score (OR = 2.354), IL-6 (OR = 1.446), HDL (OR =
0.870), and RDW (OR = 3.502) emerged as independent predictors the prognosis
of sepsis (p < 0.05 for all), as shown in Table 4.

ROC Curve Analysis for Predicting Sepsis Prognosis Using HDL and RDW

To evaluate the predictive efficacy of HDL and RDW for sepsis prognosis, the
two indicators were incorporated into a binary logistic regression model: Logit(P)=
—3.663 —0.745 X_HDL + 0.832 X_RDW. The Hosmer-Lemeshow test (x> =2.993,
p = 0.939) indicated a high goodness of fit for the model. ROC curve analysis
showed that the combination of HDL and RDW provided the highest predictive
efficacy for sepsis prognosis, yielding an AUC of 0.922, sensitivity of 79.31%, and
specificity of 93.24%, as illustrated in Table 5 and Fig. 3.
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Table 3. Diagnostic performance of indicators in the prediction of sepsis severity.

Indicator AUC Sensitivity (%) Specificity (%) p-value 95% CI Youden index
SOFA score 0.760 58.54 83.87 <0.001 0.666-0.839 0.424
APACHE II score 0.780 65.85 79.03 <0.001 0.688-0.856 0.780
IL-6 0.855 85.37 79.03 <0.001 0.772-0.917 0.644
HDL 0.926 95.12 85.48 <0.001 0.857-0.968 0.806
RDW 0.818 78.05 79.03 <0.001 0.730-0.887 0.571
HDL+RDW 0.962 97.56 91.94 <0.001 0.904-0.990 0.895

AUC, area under curve.

100 |-
b |
2 g0l
= i
=
E i
(i) 40
3 i — SOFA
— APACHEI
-0 L L6
- HDL
e RDW
__ HDL&RDW
O I | | | I | | | I | | | I | | |

20 40 60 80 100
100-Specificity (%)

Fig. 2. ROC curve analysis for predicting sepsis severity using indicators.

Discussion

Early evaluation of sepsis severity and prognosis is crucial for healthcare providers
to respond promptly with appropriate treatments, potentially improving patient out-
comes. In clinical settings, multiple evaluation systems such as SOFA and APACHE
IT scores have been widely used in the evaluation the disease severity of severe
patients and predicting death mortality risk in critically ill patients. The SOFA
score, for instance, has effectively been used to predict the short-term mortality
rate among sepsis patients (Li et al, 2020; Palmowski et al, 2024). In this study,
SOFA and APACHE II scores demonstrated high predictive value in the evaluation
of disease severity and short-term mortality risk. SOFA score, by evaluating multi-
ple organ systems, provides insights into the severity of organ dysfunction caused
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Table 4. Logistic regression analysis of factors influencing sepsis prognosis.

. Univariate analysis Multivariate analysis
Variable
B p-value OR (95% CI) B p-value OR (95% CI)

SOFA score 0.650 <0.001  1.916 (1.443-2.542) 0.856  0.020  2.354 (1.142-4.855)
APACHE Il score 0.263 <0.001  1.300 (1.124-1.504) 0.353  0.095 1.423 (0.940-2.153)
DD 2366  0.001 10.652 (2.65742.704) 1.902  0.140 6.696 (0.537-83.576)
PCT 0.107 0.011 1.113 (1.025-1.208) 0.175 0.184 1.191 (0.920-1.542)
IL-6 0.361 <0.001 1.435(1.217-1.691) 0.368  0.027 1.446 (1.043-2.003)
CRP 0.051 0.041 1.052 (1.002—-1.104) —0.020 0.783  0.980 (0.847-1.133)
HDL -0.700 <0.001 0.497 (0.344-0.717) —0.139 0.040  0.870 (0.762-0.994)
RDW 0.819 <0.001  2.268 (1.635-3.147) 1.253  0.001 3.502 (1.628-7.536)

PCT, procalcitonin.

Table 5. Predictive performance of indicators in the prediction of the prognosis of sepsis.

Related indicator ~AUC  Sensitivity (%) Specificity (%) p-value 95% CI Youden index
SOFA score 0.812 82.76 75.68 <0.001 0.724-0.883 0.584
APACHE Il score 0.833 68.97 89.19 <0.001 0.747-0.899 0.582
IL-6 0.790 65.52 87.84 <0.001 0.698-0.864 0.534
HDL 0.776 82.76 68.92 <0.001 0.683-0.852 0.517
RDW 0.883 75.86 91.89 <0.001 0.804-0.938 0.678
HDL+RDW 0.922 79.31 93.24 <0.001 0.852-0.966 0.726

by sepsis, while the APACHE II score monitors changes in disease status by as-
sessing multiple clinical parameters such as respiratory and neurological function.
Schertz et al (2023) also observed that the SOFA score is useful in determining
prognosis and disease severity, which provides an important basis for the develop-
ment and adjustment of treatment planning. In clinical practice, the APACHE II
score is an important tool to improve the survival rate of severe patients and the
treatment effect. Despite their utility, SOFA and APACHE II scores cannot replace
conventional biochemical indicators due to their limitations, including complexity
and delayed results, which can hinder rapid decision-making. A more efficient
clinical marker is needed to quickly and accurately predict 30-day mortality in ICU
sepsis patients (Liu et al, 2021). The relatively low predictive value of SOFA and
APACHE II scores in our study may be due to the small sample size.

Sepsis is characterized by systemic multi-organ injury triggered by inflamma-
tory responses, resulting in elevated serum biomarkers through the action of in-
flammatory mediators (Cong et al, 2021). Li et al (2023) showed that monitoring
inflammatory markers is valuable in the assessment of disease progression and has
diagnostic value for sepsis. Our study confirmed that patients with septic shock
or poor prognosis had elevated IL-6 levels, which is useful in assessing disease
severity and prognosis. In the inflammatory cascade associated with sepsis, inflam-
matory markers such as CRP and PCT are rapidly released into the bloodstream
through the mediation of IL-6. Previous studies have also identified IL-6 level
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Fig. 3. ROC curve analysis for the prediction of sepsis prognosis using indicators.

changes as highly correlated with sepsis severity and mortality, suggesting that
tracking IL-6 could inform clinical treatment strategies and enhance survival rates
among severely ill sepsis patients (Hamilton et al, 2023; Peng et al, 2022).

The ROC curve analysis in our study showed that HDL and RDW are valuable
predictors for the evaluation of the severity and prognosis of sepsis patients. Previ-
ous studies indicate that lipoprotein levels tend to decrease in severe sepsis or septic
shock. Notably, HDL binds to endotoxins and tumor necrosis factors, with levels
dropping significantly during the early stages of sepsis (Fan et al, 2020). Barber
et al (2023) observed that endotoxins in septic shock patients stimulate the body
to produce more inflammatory mediators such as IL-6 and tumor necrosis factor,
which increases HDL binding and, thus, lowers HDL levels in critically ill patients.
Additionally, RDW, a red blood cell heterogeneity measure, has been associated
with more severe disease progression and is a reliable predictor of mortality in sep-
sis patients (Wu et al, 2022). Zhong et al (2024) suggested that infection in sepsis
patients stimulates the body to produce a large number of inflammatory mediators,
such as IL-6 and tumor necrosis factor, which will lead to an increase in immature
red blood cells and their subsequent release into the bloodstream, thereby elevating
RDW levels. He et al (2023) further observed that as the oxidative stress response
intensifies, RDW levels also rise, indicating a more severe disease state and sug-
gesting a poorer prognosis.

Given the utility of HDL and RDW as timely indicators for evaluating sepsis
severity, a combined prediction model was developed using both markers in this
study. ROC analysis demonstrated that HDL combined with RDW achieved high
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sensitivity and specificity in evaluating sepsis severity and predicting short-term
mortality, with superior predictive efficacy compared to either marker alone.

This combined evaluation of HDL and RDW offers clinicians a straightfor-
ward, practical tool for decision-making. For sepsis patients without shock, it al-
lows for a conservative approach, reducing unnecessary medical interventions and
their associated costs and risks, such as antibiotic overuse. This model supports
timely and effective interventions for critically ill patients with septic shock, includ-
ing early nutritional support, to reduce hospital stays and improve clinical outcomes.
Thus, the HDL-RDW combination holds significant clinical value in managing sep-
sis (Blauw et al, 2020; Cha et al, 2022).

Conclusion

In conclusion, combination of HDL and RDW serves as a reliable indicator for
the evaluation of the disease severity in sepsis patients, and offers effective predic-
tion of 30-day mortality risk following hospitalization. A limitation of this study
is its retrospective design, with data drawn from a single-center cohort, which has
been internally validated. Future research should focus on multi-center prospective
studies to externally validate and strengthen the generalizability of these findings.

e The early severity and prognosis evaluation of sepsis can help medical
staff to make accurate judgments and timely treatment of sepsis patients.

e HDL is one of the most advantageous lipoproteins that can combine with
endotoxin and tumor necrosis factor, and the level of HDL can decrease
obviously in the early stage of sepsis.

e Inflammatory reaction and oxidative stress reaction will cause the increase
of immature red blood cells and release them into the blood, which shows
that the increase of RDW level reflects the disease development and poor
prognosis of sepsis patients.
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