Infection and Drug Resistance Dove

ORIGINAL RESEARCH

Immune Dysfunction-Associated Elevated RDWY,
APACHE-II, and SOFA Scores Were a Possible
Cause of 28-Day Mortality in Sepsis Patients

Jing Wang'*, Lisha He*, Zhiyan Jin(®'*, Guoguang Lu', Sufei Yu', Lingling Hu', Meidan Fang', Xiaxia Jin '

'Department of Clinical Laboratory, Taizhou Hospital of Zhejiang Province Affiliated to Wenzhou Medical University, Linhai, Taizhou, Zhejiang
Province, People’s Republic of China; 2Department of Ultrasound, Taizhou Hospital of Zhejiang Province Affiliated to Wenzhou Medical University,
Linhai, Taizhou, Zhejiang Province, People’s Republic of China

*These authors contributed equally to this work
Correspondence: Meidan Fang; Xiaxia Jin, Department of Clinical Laboratory, Taizhou Hospital of Zhejiang Province Affiliated to Wenzhou Medical

University, Linhai, Taizhou, Zhejiang Province, People’s Republic of China, Tel +86 13586102337; +86 15967063239, Email fangmd@enzemed.com;
jinxiax@enzemed.com

Objective: To explore the early predictors and their predicting value of 28-day mortality in sepsis patients and to investigate the
possible causes of death.

Methods: 127 sepsis patients were included, including 79 cases in the survival group and 48 cases in the death group. The results of
all patients on admission were recorded. After screening the risk factors of 28-day mortality, the receiver operating characteristic curve
(ROC) was used to determine their predictive value for the 28-day mortality rate on admission, and the Kaplan-Meier curve was drawn
to compare the 28-day mortality rate between groups. Finally, patients with cytokine and lymphocyte subsets results were included for
investigating the possible causes of death through correlation analysis.

Results: APACHE II (acute physiology and chronic health evaluation II), SOFA (Sequential Organ Failure Assessment) and red blood
cell distribution width (RDW) were the risk factors for 28-day mortality in sepsis patients (OR: 1.130 vs.1.160 vs.1.530, P < 0.05). The
area under the curve (AUC), sensitivity and specificity of APACHE II, SOFA and RDW in predicting the mortality rate at 28 days after
admission in sepsis patients were 0.763 vs 0.806 vs 0.723, 79.2% vs 68.8% vs 75.0%, 65.8% vs 89.9% vs 68.4%. The combined
predicted AUC was 0.873, the sensitivity was 89.6%, and the specificity was 82.3%. The Kaplan-Meier survival curve showed that the
28-day mortality rates of sepsis patients with APACHE I1>18.5, SOFA>11.5 and RDW=>13.8 were 58.5%, 80.5% and 59.0%,
respectively. In the death group, APACHE II was positively correlated with SOFA, IL-2, and IL-10, and RDW was positively
correlated with PLT, TNF-a, CD3" lymphocyte count, and CD8" lymphocyte count.

Conclusion: Sepsis patients with high APACHE II, SOFA and RDW levels at admission have an increased 28-day mortality rate. The
elevation of these indicators in dead patients are related to immune dysfunction.

Keywords: sepsis, APACHE II, SOFA, red blood cell distribution width, mortality, immune dysfunction

Introduction

Sepsis is a syndrome of physiological, pathological and biochemical abnormalities caused by infection' and is a significant
public health problem. The consensus on sepsis in 1991 declared that sepsis was caused by systemic inflammatory response
syndrome (SIRS) of the host against infection.” Sepsis complicated with organ dysfunction is known as the severe type,
which can progress to septic shock.” With the lack of further understanding of sepsis, its definition was gradually revised
and improved. In 2016, sepsis was redefined as life-threatening organ dysfunction caused by the uncontrolled inflammatory
response of the body. Judging by the acute increase of the SOFA score > 2 points, as described in Sepsis 3.0.*
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Sepsis patients have a high mortality rate. More than 250,000 sepsis patients die yearly in the United States, and the
inpatient mortality rate is about 26%.” However, timely targeted interventions can improve the outcome of sepsis
patients.® Therefore, identifying sepsis patients with a high risk of death in the early stage has significant clinical value.

Research has shown that sepsis can be divided into an initial immune activation stage and a chronic immune suppression
stage, ultimately leading to immune cell death. Due to the lack of specific treatment methods for sepsis, sustained damage to
the host’s immune system can lead to an increase in sepsis-related mortality.” In addition, studies have found that during
sepsis, the inhibitor proteins of the immune checkpoint were usually up-regulated and could be used as potential targets for
diagnosing and treating sepsis and helped reduce sepsis mortality.® However, our knowledge of immune physiology related
to sepsis is limited; most studies only focused on a specific type of immune cell at once, and the timeline of immune
changes in sepsis was not yet clear.” Therefore, dynamic tracking of immune cell count and cytokines in sepsis patients had
specific clinical value for early identification and intervention of sepsis patients, thereby reducing their mortality.

In this study, we retrospectively collected hospitalized sepsis patients. We recorded the patients’ clinical information
and laboratory index results on admission to explore the early predictors and analyze their value in predicting the risk of
28-day mortality in sepsis patients. At the same time, we analyzed the related factors that cause death due to the increase
of the above indicators, and we also followed all available immune cell counts and cytokine data during hospitalization
for all patients, which will provide a new basis for early intervention, improvement of prognosis and reduction of
mortality in sepsis patients with high risk of death.

Materials and Methods

Cohorts

A total of 196 sepsis inpatients from January to June 2022 were retrospectively collected. Patients who died within 48 hours
of admission (n=22), transferred to a superior hospital (n=18), with incomplete indicators required for scoring (n=16), and
were unable to obtain a survival state at 28 days after admission (n=13) were excluded, and 127 patients were finally
included. According to their survival status 28 days after admission, they were divided into a survival group (79 cases) and
a death group (48 cases). 53 males and 26 females were in the survival group, aged 69.0 (55.5-82.0) years old. In the death
group, there were 37 males and 11 females, aged 73.5 (57.5-81.3) years old. 46 patients with simultaneous cytokine and
lymphocyte subsets were included, including 27 cases in the survival group and 19 cases in the death group (Figure 1).

Diagnostic Criteria of Sepsis and Septic Shock
Sepsis and septic shock were diagnosed according to the International Consensus of Sepsis-Version 3 (Sepsis —3.0).'°

Methods

The results of complete blood count, biochemistry, coagulation function and inflammation index at admission of all patients
were recorded. First, the clinical and laboratory data of the survival group and death group were compared, and the risk
factors related to the 28-day mortality of sepsis patients were screened. Then, the risk factors were further determined by
univariate and multivariate logistic regression analysis. The ROC curve was used to assess its predictive value for the 28-
day mortality rate on the admission of patients. The Kaplan-Meier curve was drawn for grouping patients according to the
cutoff value to compare the 28-day mortality rate between groups. To further screen patients who have the results of organ
function-related indicators, cytokines and lymphocyte subsets count simultaneously and analyze the correlation between
APACHE, SOFA, and RDW with cytokines and lymphocyte subsets.

Patients with dynamic cytokine data were divided into high and low groups based on the cutoff values of APACHE II,
SOFA, and RDW and the dynamic changes in cytokines of survival and death patients in the high and low groups.

Laboratory Instruments and Reagent

The complete blood count and CRP were detected using a 6800-plus (Mindray, China) automatic blood cell analyzer and
supporting reagents. The AUS5800 automated biochemical analyzer (Beckman Coulter, USA) and supporting reagents
detected biochemical indicators. The coagulation function was detected using the STAGO STA-R Max (Stago, France)
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Figure | Flowchart of the cohorts.

automatic coagulation analyzer and supporting reagents. PCT was detected using the Roche Infinity (Roche Diagnostics,
Germany) electrochemiluminescence Analyzer and its supporting reagents.

Measurement of cytokine levels (IL-2, IL-4, IL-6, IL-10, TNF- a and IFN- y) and lymphocyte subsets using flow
cytometry (FACS Canto TM II, BD, New Jersey, USA). The percentage of lymphocyte subsets was calculated using BD
FACSCanto clinical software and BD FACSDiva software.
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Statistical Processing

R (4.0.2) was used for data analysis and drawing. The continuous variables were expressed as m (P25—P75), and the
Mann—Whitney U-test was used to compare groups. The ROC curve was used to analyze the predictive value of
indicators for the 28-day mortality rate of sepsis patients. The Kaplan-Meier correlation coefficient of survival analysis
was used to compare the 28-day mortality rate of sepsis patients in different groups on admission. Spearman correlation
analysis was used to compare the correlation between death risk factors and other laboratory indicators. P<0.05 indicated

a statistical difference.

Results

Comparison of Baseline Characteristics on Admission of Sepsis Patients Between
Survival Group and Death Group

The proportion of septic shock, respiratory failure, ventilator use, and CRRT in the death group was higher than that in
the survival group (P<0.05), and the APACHE II and SOFA scores were also higher in the death group (P < 0.05).
Among the laboratory indexes, RDW, PDW, ALT, AST and Crea were higher in the death group, while PLT, eGFR, TP
and TC were lower (P<0.05). There was no statistical difference in sex, age, underlying disease and inflammation index
between groups (Table 1).

Table | Baseline Characteristics and Laboratory Indexes Comparison of Sepsis Patients
Between the Survival Group and Death Group

n Survival Group Death Group P
79 48

Gender, n (%) 0317
Male 53 (67.1) 37 (77.1)
Female 26 (32.9) I (22.9)

Age 69.0 (55.5-82.0) 73.5 (57.5-81.3) 0.654

Underlying diseases, n(%)
CCl 1 (1-3) 2 (1-3) 0.216
Malignant tumor 12 (15.2) 7 (14.6) 1.000
Hepatitis B 4 (5.1) 3 (6.2) 1.000
Cardiac infarction 5 (6.3) 1 (2.1) 0.508
Orthopedics 14 (17.7) I (22.9) 0.629
Autoimmune disease 2 (2.5) 1 (2.1) 1.000

Disease status and treatment, n (%)
Septic shock 45 (57.0) 37 (77.1) 0.035
Respiratory failure 50 (63.3) 42 (87.5) 0.006
Non-invasive mechanical ventilation 6 (7.6) 3 (6.2) 1.000
Invasive mechanical ventilation 52 (65.8) 45 (93.8) 0.001
Hemodialysis 9 (11.4) 12 (25.0) 0.079
CRRT 17 (21.5) 22 (45.8) 0.007
APACHEII score 15 (12-22) 24(19-31) <0.001
SOFA score 7(5-9) 14(10-16) <0.001

Laboratory indicators
WBC (x10%L) 9.7(6.9-14.3) 10.7 (6.1-20.7) 0.724
N (x10%/L) 8.7 (5.6-13.0) 8.7 (4.9-19.3) 0.864
L (x10%L) 0.7 (0.5-1.2) 0.9 (0. 5-1.3) 0.402
RBC (x10'%L) 3.59 (3.044.30) 3.62(2.904.19) 0.512
Hb (g/L) 110(95-129) 109(90-130) 0.496
MCV (fl) 0.330(0.280-0.385) | 0.320(0.268-0.380) 0.464

(Continued)
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Table | (Continued).

n Survival Group Death Group P
79 48
RDW (%) 13.4 (12.9-14.4) 14.6 (13.8-16.1) <0.001
PLT (x10°/L) 164 (112-238) 123(44-209) 0.036
PDW (%) 16.4 (16.1-16.6) 16.7(16.3-17.0) 0.012
MPV (fl) 10.2 (9.4-11.1) 10.5(9.6—11.5) 0.471
CRP (mg/L) 77.1(21.0-189.6) 107.1 (36.0-178.5) 0.443
PCT (ng/mL) 4.36 (1.37-24.07) 4.82(0.68-24.33) 0.591
Fib (g/L) 4.48(3.26-6.26) 3.45 (2.42-5.94) 0.086
D-D (mg/L) 3.22 (2.13-7.14) 3.04(1.94-7.95) 0.717
ALT (U/L) 22(12-47) 32(16-120) 0.049
AST(UIL) 30(22-63) 56(31-283) 0.001
Crea(pmol/L) 97.5 (67.3-149.3) | 162.0(99.5-223.3) 0.011
eGFR(mL/min*1.73m?) 65(37-94) 35(24-65) 0.016
TP (g/L) 55.3 (50.1-62.4) 50.4(45.1-58.1) 0.008
Alb (g/L) 29.6 (24.8-32.8) 27.6(23.1-31.1) 0.077
LDH (U/L) 319(249-441) 395(298-617) 0.050
CK (U/L) 158(47-354) 253(84-467) 0.112
TG (mmol/L) 1.27(0.91-2.13) 1.24(0.90-1.83) 0.735
TC (mmol/L) 3.20(2.61-4.12) 2.31(1.80-3.44) 0.007

Note: The bold value was P<0.05.

Abbreviations: CCl, Charlson comorbidity index; CRRT, continuous renal replacement therapy; APACHE Il score, Acute
physiological and chronic health score; SOFA score, sequential organ failure score; WBC, white blood cell count; N,
neutrophil count; L, lymphocyte count; RBC, Red blood cell count; Hb, Hemoglobin; MCV, Mean corpuscular volume; RDW,
Red blood cell distribution width; PLT, Platelet count; PDW, Platelet distribution width; MPV, Mean platelet volume; CRP,
C-reactive protein; PCT, Procalcitonin; Fib, Fibrin; D-D, D-dimer; ALT, Alanine aminotransferase; AST, Aspartate amino-
transferase; Crea, Creatinine; eGFR, Estimated glomerular filtration rate; TP, Total protein; Alb, Albumin; LDH, Lactate
dehydrogenase; CK, Creatine kinase; TG, Triglyceride; TC, Total cholesterol.

Screening of Risk Factors for 28-Day Mortality in Sepsis Patients
Univariate and multivariate logistic regression analysis showed that APACHEII score, SOFA score, and RDW were the
risk factors for 28-day mortality in sepsis patients (Table 2).

Predictive Value of APACHE Il Score, SOFA Score and RDWV for the 28-Day Mortality

Rate in Sepsis Patients

The ROC curve showed that the area under the curve (AUC) of the APACHE II score predicting the 28-day mortality rate in
sepsis patients was 0.763, the cutoff value was 18.5, and the sensitivity and specificity were 79.2% and 65.8%, respectively. The
AUC of the SOFA score was 0.806, and the cutoff value was 11.5, with a sensitivity of 68.8% and specificity of 89.9%. The AUC
of RDW was 0.723, the cutoff value was 13.8, and the sensitivity and specificity were 75.0% and 68.4%, respectively. The
combined AUC of APACHE II, SOFA, and RDW is 0.873, with a sensitivity of 89.6% and a specificity of 82.3% (Figure 2).

Comparison of Survival Curves Between High and Low APACHE Il, SOFA Scores, and
RDW Groups

Patients were divided into two groups according to the cutoff value of APACHE II, SOFA score and RDW. The survival
curve shows that the mortality rate of patients with APACHE I1>18.5 at 28 days after admission is 58.5%, while that of
patients with APACHE 1I<18.5 is 16.1%. The 28-day mortality rate was 80.5% in patients with SOFA>11.5, while that
was 17.4% in patients with SOFA<11.5. The 28-day mortality rate was 59.0% for patients with RDW=>13.8 and 18.2%
for patients with RDW<13.8 (Figure 3).
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Table 2 Risk Factors for 28-Day Mortality in Sepsis Patients

Univariate Logistic Regression | Multivariate Logistic Regression

OR (95% CI) P OR (95% CI) P
Septic shock 2.541(1.134-5.696) 0.024 1.448(0.446—4.705) 0.538
Respiratory failure 4.060(1.539-10.711) 0.005 2.037(0.327-12.703) 0.446
Invasive mechanical ventilation | 7.788(2.214-27.397) 0.001 1.134(0.165-7.793) 0.898
APACHEII 1.152(1.086—1.221) 0.000 1.130(1.020-1.253) 0.019
SOFA 1.288(1.170-1.419) 0.000 1.160(1.002-1.342) 0.046
CRRT 3.086(1.413-6.740) 0.005 1.314(0.397—4.346) 0.655
RDW 1.463(1.175-1.822) 0.001 1.530(1.112-2.104) 0.009
PLT 0.998(0.995—1.002) 0.322 - -
PDW 2.617(1.253-5.462) 0.010 2.710(0.818-8.982) 0.103
ALT 1.001(1.000-1.001) 0.214 - -
AST 1.001(1.000-1.002) 0.016 1.001(1.000-1.002) 0.130
Crea 1.003(1.000-1.006) 0.041 1.002(0.997—-1.008) 0.349
TP 0.948(0.910-0.988) 0.011 0.993(0.937-1.051) 0.802
eGFR 0.988(0.976-0.999) 0.033 1.010(0.987-1.033) 0.408
TC 0.763(0.546—1.067) 0.114 - -

Note: The bold value was P<0.05.

Correlation of APACHE Il, SOFA Scores and RDW with Other Laboratory Indexes

Between Survival and Death Groups

The APACHE 1I score in the survival group was positively correlated with PCT and Crea and negatively correlated with
eGFR. The APACHE II score in the death group was positively correlated with IL-2 and IL-10 and negatively correlated
with WBC, neutrophil, D-D, eGFR, and CD3" lymphocyte ratios.

SOFA score in the survival group was positively correlated with PCT and Crea. In the death group, SOFA scores positively
correlated with CK, IL-2, IL-6, and IL-10 and negatively correlated with PLT, TP, eGFR, and CD3" lymphocyte ratio.

In the survival group, RDW was positively correlated with AST, LDH, IL-2, and CD3" lymphocyte ratio and
negatively correlated with TP, Alb, and CD19" lymphocyte count and percentage. In the death group, RDW was
positively correlated with PLT, TNF-0, CD3" lymphocyte count and CD8" lymphocyte count and negatively associated
with AST, IL-6 and IL-10 (Figure 4).

Comparisons of Cytokines and Lymphocyte Subsets Between High and Low APACHE
ll, SOFA, and RDW Subgroups of Surviving and Dead Patients

According to the trend difference of the heat map, the count and proportion of cytokines and lymphocyte subsets in dead
patients were higher than in surviving patients.

Among the surviving patients, the number of lymphocyte subsets was higher in the high APACHE II group than in the
low APACHE 1I group, but no significant trend difference was observed in cytokine expression. The levels of IL-10, TNF-a.
and IFN-y in the high RDW group were higher than those in the low RDW group, and no significant trend differences were
observed in other indicators. There was no significant trend difference between the high and low SOFA groups.

Among the dead patients, the cytokine expression in the high APACHE II group was higher than that in the low
APACHE 1I group, but no significant trend difference was observed in each lymphocyte subset between the groups.
Patients with high SOFA had higher cytokine expression than those in the low SOFA group, while the lymphocyte subset
count had an opposite expression trend. The cytokine expressions and lymphocyte subset count in patients with high
RDW were higher than those in the low RDW group (Figure 5).
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Figure 2 The ROC curve of APACHE I, SOFA score, and RDW predict the 28-day mortality rate in sepsis patients on admission. (A) ROC curve of APACHE Il score
predicting the 28-day mortality rate of sepsis patients on admission; (B) ROC curve of SOFA score predicting the 28-day mortality rate of sepsis patients on admission; (C)
ROC curve of RDW predicting the 28-day mortality rate of sepsis patients on admission; (D) ROC curve of combined of APACHE Il score, SOFA score, and RDW in
predicting 28-day mortality rate in sepsis patients.

Dynamic Change of Cytokines Between High and Low APACHE Il, SOFA, and RDW

Subgroups of Surviving and Dead Patients
The trend of cytokine changes in survival and death patients in different APACHE II and SOFA groups was similar but
different from those in RDW groups.
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Figure 3 Comparison of 28-day mortality rates among sepsis patients in different APACHE Il, SOFA scores, and RDW groups. (A) 28-day survival curve for sepsis patients
with APACHE Il 2 18.5 and APACHE 11<18.5 on admission. (B) 28-day survival curve for sepsis patients with SOFA = | 1.5 and SOFA<I |.5 on admission. (C) 28-day survival
curve for sepsis patients with RDW 2 13.8 and RDW<13.8 on admission.

Among patients in the high APACHE II and SOFA group, dead patients had higher IL-2, IL-6, and IL-10 values in the
first week of sepsis diagnosis, while surviving patients had higher IL-4 levels three weeks after sepsis diagnosis.

Dead patients in the high RDW group showed higher levels of IL-6, IL-17A, IL-10, and IFN-y values on the first day
of confirmed sepsis, with consistently high IFN-y within two weeks after diagnosis. Survival patients had higher IL-2 and
lower IL-6 IL-10 levels within four weeks after diagnosis (Figure 6).
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Discussion

This study found that high APACHE II, SOFA, and RDW on admission were risk factors for the 28-day mortality of
sepsis patients. If the above indicators are used to independently predict the mortality rate of sepsis patients at 28 days
after admission, they either have lower sensitivity or specificity, and the sensitivity and specificity for combined
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Figure 6 Dynamic change of cytokines between high and low APACHE II, SOFA, and RDW subgroups of surviving and dead patients.

prediction were above 80%. The 28-day mortality rates in sepsis patients with APACHEII>18.5, SOFA>11.5, and
RDW=>13.8 were 58.5%, 80.5%, and 59.0%, respectively. The elevations of APACHE II, SOFA, and RDW in the
deceased patient may be related to immune dysfunction.
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Sepsis can arise from various infections, including community and intra-hospital infections, and 80% of patients are
community-originated.® In 2017, sepsis-related mortality accounted for 19.7% of all deaths worldwide.® The treatment of
sepsis is controversial, but it is recognized that early recognition and intervention are of great value in improving the
prognosis.'" Therefore, we believe that early recognition of sepsis patients with a high risk of death can also reduce the
mortality of patients. In this study, we found that high APACHE II score, SOFA score and RDW at admission were the risk
factors for the 28-day mortality of sepsis patients.

The APACHE II score and SOFA score are widely used to monitor the mortality risk of sepsis patients.'? The results
of this study showed that the APACHE II score was less specific for predicting the 28-day mortality rate in sepsis
patients, while the SOFA score was less sensitive for predicting the mortality rate. Moreover, these two systems involve
more clinical and laboratory indexes, especially the SOFA score that needs to be performed on the second day of
admission.'® Some particular patients may not be able to measure some indicators, leading to an inability to score or
inaccurate scoring. Therefore, routine and easily obtained laboratory parameters were added to the risk factor screening,
and the results showed that the RDW value at the time of admission was also a predictor of the 28-day mortality rate in
sepsis patients.

RDW is a parameter reflecting the heterogeneity of red blood cell volume. In clinics, RDW is often used for the
auxiliary diagnosis of anemia. In recent years, more and more studies have found that RDW plays an essential role in the
treatment of cardiovascular diseases,'* venous thromboembolism,'® cancer,'® diabetes,'” and lung disease.'® Studies have
shown that a combination of baseline RDW values and increased RDW can predict adverse outcomes in patients with
sepsis,'® supporting this study’s results.

The cutoff value, sensitivity, and specificity of APACHE II, SOFA, and RDW at the time of patient admission to
predict the 28-day mortality rate in sepsis patients were analyzed in this study alone and in combination. The Kaplan-
Meier survival curve showed that the 28-day mortality rate of sepsis patients with APACHE I1>18.5, SOFA>11.5 and
RDW=>13.8 was all above 50% and that of patients with SOFA>11.5 reached 80.5%. The 28-day mortality rate in sepsis
patients with APACHE 1I<18.5, SOFA<11.5, and RDW<13.8 was less than 20%. Therefore, dynamic changes in
APACHE 1I score, SOFA score and RDW in sepsis patients should be closely monitored, and medical intervention
should be actively carried out if the cutoff values of the above indicators are reached.

The factors leading to the patient’s death due to the increased APACHE 11 score, SOFA score and RDW on admission
were also explored in this study. Other previous studies have revealed that cytokines and lymphocyte subsets have
a specific correlation with the development of sepsis, in which macrophage polarization plays a vital role in regulating
the host immune balance and inflammatory response in sepsis.’’ The macrophage polarization can produce two
phenotypes with different functions: M1 and M2.?' In the early stage of sepsis, pro-inflammatory factors such as IFN-
v and lipopolysaccharide in the host induced the production of M1-like macrophage polarization, and the number of M1-
like macrophages continued to increase and released a large number of inflammatory factors that caused severe
inflammatory reactions, such as IL-1, TNF-a and IL-6. In contrast, an excessive increase of M2-like macrophages in
late sepsis stimulated the release of large amounts of IL-10, transforming growth factor-p and other immunosuppressive
anti-inflammatory cytokines.? In this study, the parameters with a correlation coefficient above 0.3 and below —0.3 were
screened. The results showed that the increases in the above three indicators in the survival group were mainly related to
severe infection, nutritional deficiency and organ function impairment. However, the increases in APACHE II score and
SOFA score in the death group were associated with the elevation of cytokines such as IL-2, IL-6, and IL-10, while the
increases of RDW were related to the elevation of TNF-a, CD3" lymphocyte count, CD8" lymphocyte count and the
decreases of IL-6 and IL-10. Therefore, we speculate that the increase in APACHE II score, SOFA score and RDW in
sepsis patients at admission is related to immune dysfunction. In particular, in the dead patients with high APACHE II
score, SOFA score and RDW group, secretion disturbance of cytokines and lymphocyte subsets are more pronounced.

We also tracked the dynamic changes of cytokines in sepsis patients after diagnosis. We found that the changes in
various cytokines in different subgroups grouped according to APACHE II score and SOFA score were similar, while the
RDW subgroup had a particular change trend. Among patients in different subgroups of APACHE II score and SOFA
score, it seems that patients with higher IL-2 and IL-6 levels within one week of onset had a higher risk of death,
especially those with high APACHE II score and SOFA score. For patients with low APACHE II score and SOFA scores,
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their mortality may be related to high levels of IL-4 and IFN- y within one week of onset. Among RDW subgroups,
patients with higher levels of IL-2, IL-6, IL-17A, IL-10, and IFN- y within one week of onset seem to have higher
mortality. Research has shown that the immune response to sepsis is highly variable”® and may change over time or be
characterized by sustained inflammation or immunosuppression development.>* In addition, an increase in RDW may
reflect chronic inflammation, ultimately leading to changes in iron homeostasis and resistance to erythropoietin. The
association between RDW and interleukin-6 has been confirmed in heart failure, and in participants with human
immunodeficiency virus infection, RDW is associated with tumor necrosis factor in sepsis patients.”> However, overall,
the mechanism by which these biomarkers are associated with sepsis patient mortality is not fully understood. We
speculate that sepsis patients with high and low APACHE II scores, SOFA scores, and RDW groups have different
cytokine elevation patterns and timing, possibly related to the pathogen, course, severity, and personal immunity of the
infection. Therefore, further basic experiments should be designed to explore different monitoring indicators and
treatment targets for different subgroups, including patients of different ages and pathogens, to provide early and
accurate diagnosis and treatment for sepsis patients and reduce mortality.

This study has four advantages. First, we screened out three indicators that can predict the risk of death of sepsis
patients when admitted to the hospital and determined the risk value and risk probability, respectively. At the same time,
we also evaluated the performance of the joint prediction of three indicators. Second, RDW was directly obtained from
a complete blood count test and had a short turn-around time and easy access. Unlike the APACHE 11 score and SOFA
score, which had many included indicators and were complex to calculate, and there were few missing values, RDW had
a high sensitivity in predicting the mortality of 28 days in sepsis and could be used as a rapid screening indicator. Thirdly,
we also explored the factors associated with the death of sepsis patients due to the elevated APACHE II score, SOFA
score, and RDW at the time of admission. Fourth, we dynamically tracked and compared the dead and surviving sepsis
patients’ cytokine and lymphocyte subsets between high and low APACHE II scores, SOFA scores, and RDW groups on
admission and during treatment.

This study also has certain limitations. First, it was a retrospective design, and the number of cytokine and
lymphocyte subset detection cases in the cohort was small. Second, the clinical and laboratory data analyzed in this
study were based on results within 48 hours of admission and were not analyzed for dynamic changes in relevant data.

Conclusion

In summary, the APACHE II score, SOFA score, and RDW at admission can predict the 28-day mortality. Sepsis patients
with APACHE 11>18.5, SOFA>11.5, and RDW=>13.8 have a higher risk of 28-day mortality. The increases in these
indicators in dead patients are related to immune dysfunction.
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