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Objective: The retrospective study established a prognostic nomogram based on red blood cell distribution width-coefficient of
variation (RDW-CV) for elderly septic patients.

Methods: We analyzed 1997 critically ill patients admitted between December 2016 and June 2019, and 986 elderly septic patients were
included in the study and stratified into survival and non-survival groups. Using machine learning-based feature importance analysis and
multivariate logistic regression, we evaluated predictors of mortality in the elderly septic patients, with particular focus on RDW-CV. We
constructed a nomogram incorporating RDW-CV to predict clinical outcomes in elderly septic patients and evaluated its performance.
Results: The mortality of 986 elderly sepsis patients was 27.48%. Importance analysis showed that RDW-CV demonstrated superior
predictive value for mortality. The RDW-CV (17.22 +3.98%) in the non-survival group was significantly higher than that (15.30 +2.81%) in
the survival group, p < 0.0001. The RDW-CV was used to predict the mortality of patients and the AUC was 0.65 (95% CI: 0.61, 0.69).
Multivariate logistic regression showed that mechanical ventilation, drug-resistant bacterial infection, hemofiltration, and RDW-CV
independently influenced mortality, a predictive nomogram was developed based on a final model that included RDW-CV and other clinical
indicators, the area under the curve (AUC) was found to be 0.755 (95% CI: 0.714, 0.797), decision curve analyses (DCA) revealed superior
net benefit of the nomogram across threshold probabilities of 0.30—1.00 in both derivation and validation cohorts. The calibration curve
demonstrates strong agreement between the model’s predicted probabilities and the validation cohort’s predicted probabilities.
Conclusion: Higher RDW-CV was found to have a significant association with mortality prediction, the nomogram based on RDW-CV
with other clinical indicators could more accurately predict the clinical outcome of elderly septic patients, validation analysis confirmed
the accuracy of the nomogram, the predictive model offered clinical applicability.
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Introduction

Sepsis is a serious condition characterized by multiple organ dysfunction syndrome (MODS) due to a dysfunctional response
of the body to infection." According to a statistical analysis conducted by the Institute for Health Metrics and Evaluation
(IHME) of the University of Washington, sepsis accounted for 19.7% of deaths worldwide in 2017, with an estimated
489 million cases.” The morbidity and mortality rates are extremely high, and sepsis poses a significant socio-economic
burden.® With the increasing proportion of elderly patients in the aging society, the unique characteristics of elderly patients
with sepsis have been the focus of attention in recent studies.*” Age is an important factor that affects the prognosis of sepsis,
and the mortality rate increases with age.®” Age may affect the morphology of patients’ blood cells, increase red blood cell
distribution width (RDW), and affect disease recovery, leading to an increase in mortality.®
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RDW is a specific indicator which reflects the heterogeneity of erythrocyte volume in the blood circulation. Previous

studies have shown that an increased RDW can predict the prognosis of the diseases,” "

such as decompensated heart
failure, liver failure, acute pancreatitis, colon and rectal tumors, etc. A meta-analysis was conducted in 2022, and a total
of 24 studies were included, the results demonstrated that RDW was an available and valuable biomarker for predicting
the mortality of adult patients with sepsis, high levels of RDW were associated with higher mortality."* For septic
patients, some studies have suggested that RDW has a high predictive value for prognosis of sepsis with an AUC of ROC
as high as 0.80, while others have reported a lower AUC of 0.60.">"'” The research results regarding RDW as a predictor
of prognosis for patients with sepsis are not consistent.

Clinically, RDW is usually expressed as coefficient variation (CV). RDW-CV which is rapidly and automatically
calculated by all modern hematological analyzers is a calculated value that utilizes both RDW and mean corpuscular volume
(MCV) measurements.” Theoretically, RDW-CV and RDW have similar diagnostic significance. Moreover, RDW-CV is
a comprehensive indicator and has more advantages compared to RDW. Our previous study had shown that RDW-CV was
associated with the outcome of sepsis.'® Given the potential socio-economic value of using a cost-effective blood routine to
effectively predict sepsis prognosis, we conducted a retrospective analysis of data from septic patients and found that RDW-
CV had an area under the ROC curve (AUC) of 0.65 (95% C10.61, 0.69) for predicting sepsis mortality. Furthermore, there are
limited researches on the prognostic value of RDW-CV in elderly septic patients. Therefore, we aim to explore the predictive
value of RDW-CV in elderly patients with sepsis and construct a predictive model based on RDW-CV to improve the
predictive efficiency of prognosis.

Materials and Methods

Inclusion Criteria

A total of 1997 patients admitted to the critical care department between December 1, 2016, and June 31, 2019, were
retrospectively analyzed according to the diagnostic criteria of the International Sepsis Guidelines (sepsis-3.0)."” The
inclusion criteria of the study were: 1) patients diagnosed with infection, 2) patients with organ dysfunction due to infection
(Sequential Organ Failure Assessment (SOFA) score>2). The inclusion criteria were based on clinical manifestations and
laboratory results. The infection site had been determined by reviewing the discharge diagnosis on the first page of the medical
record, as well as the results of chest X-ray, abdominal ultrasound, and bacterial culture.

Exclusion Criteria
Patients under the age of 60 were excluded.

Intervention Measures

Upon admission to the intensive care unit (ICU), blood culture and anti-infective treatment were administered to patients,
and mechanical ventilation and blood purification were initiated according to organ failure. Antibiotics, other medica-
tions, and organ support programs were adjusted based on the patient’s condition and bacterial culture results.

Observation Indicators

Recorded cases requiring organ support, including the following: 1) MV needed: patients with respiratory failure require
mechanical ventilation support; 2) Shock: mean arterial pressure less than 65 mmHg or requiring norepinephrine as
a vasoactive agent to maintain blood pressure; 3) HF needed: requiring blood purification therapy. AND the SOFA score
was calculated by extracting data.

Laboratory indicators included: blood routine: red blood cell counts (RBC, x10'*/L), RDW-CV (%), mean
corpuscular hemoglobin (MCH, pg), mean corpuscular hemoglobin concentration (MCHC, g/L), mean corpuscular
volume (MCV, fl), haemoglobulin (HGB, g/L), haematocrit (HCT, %), white blood cell counts (WBC, x10°/L),
percentage of neutrophils (N, %), percentage of lymphocytes (L, %), percentage of monocytes (M, %), platelet counts
(PLT, x10°/L), platelet distribution with (PDW, %), mean platelet volume (MPV, fl); inflammation Index: C-reactive
protein (CRP, mg/L), procalcitonin (PCT, ng/L); Blood Lipid Index: total cholesterol (CHOL, mmol/L), high-density
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lipoprotein (HDL, mmol/L), low-density lipoprotein (LDL, mmol/L), triglyceride (TG, mmol/L); Coagulation function
Index: antithrombin III (AT III, %), activated partial prothrombin time (APTT, s/second); Renal function: blood urea
nitrogen (BUN, mmol/L), serum creatinine (SCr, umol/L); liver function: total bilirubin (TBIL, pmol/L); others
including glycosylated hemoglobin (HBAI1C, %); elevated lactic acid levels (=1.5mmol/L). Recorded variables
included positive cultures for multiple drug-resistant microorganisms, ICU stay duration (in days), mechanical
ventilation duration (in hours), and final clinical outcome (death or improvement). Additional laboratory indicators
were documented upon ICU admission.

Statistical Analysis

The patients were categorized into two groups, the survival group, and the non-survival group, based on their clinical outcomes.
The baseline characteristics of the two groups were compared. Normally distributed data were presented as mean + standard
deviation, and the differences between the groups were analyzed using Student’s #-test. Non-normally distributed data were
expressed by quartile method, and the differences between groups were compared using Mann Whitney test.

The importance analysis, which is a machine learning method called XGboot, was used to analyze the significance of the
different indicators in predicting the prognosis of mortality. The area under the curves (AUC) of Receiver Operating
Characteristic (ROC) Curves was calculated to predict the clinical outcome of patients. The AUC confidence interval and
significance were tested using the nonparametric repeated sampling method (Bootstrap resampling times=500). The diag-
nostic specificity, sensitivity, accuracy, positive, and negative likelihood ratio, positive predictive value, and negative
predictive value were calculated based on the optimal threshold. The patients were divided into groups according to the
optimal threshold of the ROC curve, and the Kaplan-Meier survival curve was drawn. The difference between the two curves
was analyzed using the log-rank method.

The relevant predictors with p<0.05 in the multivariate logistic regression analysis were selected and included in the
model. A nomogram model based on RDW-CV combined with other indicators was developed to improve the predictive value
for the clinical outcome of elderly patients with sepsis. The AUC of ROC curve was used to evaluate the discrimination of the
Nomogram model. The calibration curve was used to evaluate the predictive ability of the prediction model. Furthermore,
decision curve analyses (DCA) were utilized to validate the clinical utility of the nomograph.

The statistical significance was defined as P <0.05. Odds ratio (OR) and 95% confidence interval (CI) were calculated. The
data was analyzed using SPSS for Window 20.0 and eBay software (EmpowerState2.0, R language, pROC, ROCR).

Results

Patient Characteristics and Baseline Comparisons

From December 1, 2016, to June 31, 2019, 1997 patients were admitted to the critical care department. Among them, 264
patients did not meet the inclusion criteria and 747 patients met the exclusion criteria. Finally, 986 elderly patients diagnosed
with sepsis were included in this study(see Supplementary Figure 1), consisting of 590 males and 396 females, with a mean

age of 76.97 £ 9.43 years. There was no statistically significant difference in age between the survival group and the non-
survival group (p = 0.289). In terms of organ dysfunction, the SOFA score of the non-survival group was significantly higher
than that of the survival group, and there was a statistically significant difference, P<0.001 (see Table 1). The analysis results of
laboratory indicators are shown in Table 2, among which RDW-CV is normally distributed, the median is 14.9% after
calculation.

The Predictive Value of RDW-CV for Mortality in Elderly Septic Patients
By using importance analysis (a machine learning method called XGboot), the Factors influencing prognosis were
visually ranked. Among RDW-CV, hemofiltration, shock, thrombocytopenia, mechanical ventilation, DRBI and hyper-
bilirubinemia, RDW-CV ranks first in its contribution to predicting patient mortality (see Figure 1Ai). In comparison to
other laboratory parameters, RDW-CV demonstrated superior predictive value for mortality (see Figure 1Aii).

We conducted microscopic observation of peripheral blood cells, when RDW-CV was less than 14%, the diameter of
red blood cells was uniform and the staining remains consistent (see Figure 1Bi). Conversely, when RDW-CV was more
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Table | Comparison of Baseline Between Survival Group and Non-Survival Group in
Elderly Patients with Sepsis

indicator Survival Group Non-Survival Group | p value
Case 715 (72.52) 271 (27.48) -
n, (%)

Gender 0.016
Male n, (%) 411 (57.48) 179 (66.05)

Female n, (%) 304 (42.52) 92 (33.95)

Age (y) 76.78+9.21 77.49+£9.97 0.289
Infectious site

Respiratory tract n, (%) 460 (64.34) 162 (59.78) 0.186
Abdomen n, (%) 35 (4.90) 17 (6.27) 0.387
Billiary tract n, (%) Il (1.54) 3(1.11) 0.609
Urinary tract n, (%) 4 (0.56) 2 (0.74) 0.748
Septicemia n, (%) 70 (9.79) 79 (29.15) <0.001
DRBI n, (%) 59 (8.25) 74 (27.31)

Assessment of Organ Dysfunction

SOFA score (score) 7.81£3.20 13.43+4.43 <0.001
Shock n, (%) 617 (86.29) 252 (92.99) 0.004
Hyperlacticaemia n, (%) 189 (26.43) 104 (38.38) <0.001
MV needed n, (%) 408 (57.06) 211 (77.86) <0.001
Thrombocytopenia n, (%) 188 (26.29) 163 (60.15) <0.001
HF needed n, (%) 83 (11.61) 113 (41.70) <0.001
Hyperbilirubinema n, (%) 88 (12.31) 94 (34.69) <0.001
Outcome assessments’

ICUstay (mean, days) 827 (741, 9.12) 14.75 (11.97, 17.53) <0.001
MV duration (mean, hours)* 98.40 (84.42, 112.37) | 248.14 (194.15, 302.14) | <0.001

Note: Mean and 95% CI.
Abbreviations: SOFA score, sequence organs failure assessment score; DRBI, drug-resistance bacterial infection;
MV, mechanical ventilation; HF, hemofiltration.

Table 2 Laboratory Indicators Included in the Analysis

Indicator Mean SD Indicator Mean/Median | SD/Quartile
RBC (x10'%L) | 3.50 0.87 CRP (mg/L) 71.09 27.31, 139.25
HGB (g/L) 97.83 18.18 PCT (ng/L) 111 0.23, 7.04
HCT (%) 30.06 5.51 CHOL (mmol/L) 3.01 1.10
RDW-CV (%)t | 15.83 3.29 HDL (mmol/L) 0.74 0.38
MCH (pg) 29.11 3.03 LDL (mmol/L) 1.29 0.96
MCHC (g/L) 300.55 | 88.56 TG (mmol/L) 1.04 0.75, 1.55
MCV (fl) 89.29 7.69 ATII (%) 65.42 17.53
PLT (x10°/L) 197.55 | 108.92 APTT (s) 43.56 14.74
PDW (%) 12.70 2.88 BUN (mmol/L) 10.56 8.98
MPV (fl) 10.83 .19 Cr (umol/L) 97.00 68.08, 163.75
WBC (x10%/L) | 12.46 8.13 TBIL (umol/L) 13.75 8.40, 19.88
N (%) 84.35 I1.51 HbAlc (%) 6.39 1.56

L (%) 10.09 9.29

M (%) 10.09 9.29

Note: TThe median of RDW-CV is 14.9% after calculation.

Abbreviations: SD, standard deviation; RBC, red blood cell counts; RDW-CV, the coefficient of variation
of erythrocyte distribution width; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemo-
globin concentration; MCV, mean corpuscular volume; HGB, haemoglobulin; HCT, haematocrit; WBC,
white blood cell counts; N, percentage of neutrophils; L, percentage of lymphocytes; M, percentage of
monocytes; PLT, platelet counts; PDW, platelet distribution width; MPV, mean platelet volume; CRP,
C-reactive protein; PCT, procalcitonin; CHOL, total cholesterol; HDL, high density lipoprotein; LDL, low
density lipoprotein; TG, triglyceride; AT Ill, antithrombin Ill; APTT, activated partial prothrombin time;
BUN, blood urea nitrogen; SCr, serum creatinine; TBIL, total bilirubin; HBAIC, glycosylated hemoglobin.
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Figure | The predictive value of RDW-CV for mortality in elderly septic patients.

Notes: (Ai) Among RDW-CV, hemofiltration, shock, thrombocytopenia, mechanical ventilation, DRBI and hyperbilirubinemia, RDW-CV ranks first in its contribution to
predicting patient mortality. (Aii) In comparison to other laboratory parameters, RDW-CV demonstrated superior predictive value for mortality. (Bi) Peripheral blood red cell
morphology observed under microscopy when RDW-CV was less than 4%, the diameter and color of red blood cells were uniform and consistent. (Bii) Peripheral blood red
cell morphology observed under microscopy when RDW-CV was more than 14%, the red blood cells showed variations in size and uneven staining. (Biii) Peripheral blood red
cell morphology observed under microscopy when RDW-CV was more than 20%, the erythrocytes demonstrate marked anisocytosis and polychromasia, with evident rouleaux
formation of red cells.

than 14%, the red blood cells showed variations in size and uneven staining (see Figure 1Bii). And when RDW-CV was
more than 20%, the erythrocytes demonstrate marked anisocytosis and polychromasia (see Figure 1Biii).

The mortality of 986 elderly sepsis patients was 27.48%. The RDW-CV (17.22 +3.98%) in the non-survival group
was significantly higher than that (15.30 £2.81%) in the survival group, p < 0.0001. The RDW-CV was used to predict
the mortality of patients. A ROC curve was plotted, and the results showed that the AUC was 0.65 (95% CI: 0.61, 0.69)
(see Supplementary Figure 2). The best threshold (BT) was found to be 15.05%, with a specificity of 0.60, sensitivity of
0.70, and accuracy of 0.63. The positive likelihood ratio (positive-LR) was 1.74 and the negative likelihood ratio

(negative-LR) was 0.50. The diagnostic odds ratio (Diagnosis-OR) was 3.49, and the number needed for diagnosis
(NND) was 3.34.

The Relationship Between RDW-CV and Mortality of the Patients

There was a nonlinear relationship RDW-CV and patient mortality through smooth curve fitting analysis (Figure 2A). We
identified an inflection point at RDW-CV=12.20. Beyond it, mortality risk increase significantly (P<0.001). A second
turning point at 15.20 (15.20, 15.50) marked a weaker, non-significant trend (P0.578). Patients were then stratified based
on a threshold of the median RDW-CV value of 14.9%, resulting in two groups: RDW-CV > 14.9% and < = 14.9%.
Kaplan—Meier survival analysis demonstrated a significant difference between the two groups, Chisq=7.6034 on ldegree
of freedom, P0.0058 (Figure 2B). The result indicates that patients with sepsis whose RDW-CV was less than 14.9% had

a better clinical outcome.
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Figure 2 The relationship between the RDW-CV and the mortality of the patients.
Notes: (A) There was a nonlinear relationship RDW-CV and patient mortality through smooth curve fitting analysis. Mortality risk rose significantly with RDW-CV above
12.20 (P < 0.001), but the association beyond 15.20, while positive, lacked statistical significance (P 0.578). (B) Kaplan—Meier survival analysis demonstrated a significant
difference between the two groups, Chisq=7.6034 on |degree of freedom, P0.0058.

A Nomogram Based on RDW-CV and Other Indicators for Predicting Clinical

Outcome in Elderly Septic Patients

Multivariate logistic regression analysis revealed that mechanical ventilation, drug-resistance bacterial infection (DRBI),
hemofiltration, and RDW-CV were significantly associated with mortality in elderly sepsis patients, the P values were all
less than 0.05 (see Table 3).

A prediction model was developed to improve the predictive value based on RDW-CV combined with other clinical
and laboratory indicators. The algorithm included:

—4.42802 + 0.83454 x (MV needed = yes) + 0.73399 x (drug-resistant bacteria infection = yes) + 1.40391 x
(HF needed = yes) + 0.15192 x RDW-CV.

A nomogram was drawn based on the algorithm to predict the clinical outcome of elderly patients with sepsis. The
data was stratified into ten groups based on the predicted probabilities, with deciles used as the stratification criterion. To
visually represent the observed values and predicted values for each group, a coordinate form was employed. Line graphs
were utilized to depict the observed values and predicted values separately. This graphical representation effectively
demonstrated the disparities between the actual observed values and the model-predicted values for each group.
Additionally, it facilitated a comprehensive evaluation of the model’s calibration performance. The close alignment
observed between the actual values and predicted values across the groups indicated a well-calibrated predictive model.

Table 3 Variables Associated with Mortality in Elderly Patients with Sepsis
(Multivariate Analysis)

Indicator Estimate | Std Error | OR 95% CI p value
Lower | Upper
Interaction | —4.4280 0.5211 0.0119 | 0.0043 | 0.0332 | 0.0000
MV needed | 0.8345 0.2219 2.3038 | 1.4911 | 3.5593 | 0.0002
DRBI 0.7340 0.2501 2.0834 | 1.2760 | 3.4016 | 0.0033
HF needed | 1.4039 0.2114 4.0711 | 2.6900 | 6.1611 | 0.0000
RDW-CV 0.1519 0.0296 I.1641 | 1.0985 | 1.2336 | 0.0000

Note: Std error, standard error; Cl, confidence intervene; MV, mechanical ventilation; DRBI,
drug-resistance bacterial infection; HF, hemofiltration; RDW-CV, the coefficient of variation of
erythrocyte distribution width.
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Figure 3 The nomogram for predicting mortality in elderly patients with sepsis.

Notes: (A) The RDW-CV had the greatest contribution to predicting mortality in Elderly Patients with Sepsis, as identified by the nomogram. (B) ROC curves of the
nomogram, The AUC of the D set was 0.755 (95Cl:0.714, 0.797), and The AUC of the V set was 0.789 (95CI:0.718, 0.859).(C) The calibration curve of D set. (D) The
calibration curve of V set. Compared with D set, the actual curve of V SET is very close to the ideal curve. (E) Decision curve analysis showed a net benefit of the predictive
model in predicting mortality in elderly patients with sepsis both in the D set and V set within the threshold probability ranging from 0.30 to 1.00.

According to the nomogram, RDW-CV had the highest predictive contribution for mortality in elderly patients with sepsis
(Figure 3A). In this study, the sample size consisted of 986 elderly patients with sepsis. 75% of them were used for the
derivation set, and 25% for the validation set. The AUC of ROC curve was used to evaluate the discrimination of the
Nomogram model. In derivation set (D set), the AUC was 0.755 (95% CI: 0.714, 0.797), with specificity 0.810, sensitivity
0.597, accuracy 0.749, positive likelihood ratio 3.147, negative likelihood ratio 0.497, positive predictive value 0.560, and
negative predictive value 0.833. In validation set (V set), the AUC was 0.789 (95% CI:0.718, 0.859) (Figure 3B). The
statistical result confirmed that the Nomogram model had good discriminative ability in predicting outcomes.

The calibration curve was used to evaluate the predictive ability of the prediction model. The calibration curve was
very close to the reference curve, the results showed that the constructed prediction model had good predictive ability.
Moreover, similar results were also observed in the V set (Figure 3C and D).

The decision curve analysis shows that in D set or V set, within the threshold probability ranging from 0.30 to 1.00
(refer to Figure 3E). The net benefit of the nomogram model was higher than that of the single-factor model, and the
predictive model offered clinical applicability.

Discussion

Sepsis is a common syndrome observed in the intensive care unit (ICU),>*?!

which can lead to life-threatening multiple
organ dysfunction caused by a severe infection.”** Sepsis is marked by high mortality and exorbitant healthcare
expenditures, making the assessment of its prognosis of significant socio-economic importance.?*>** The proportion of
elderly patients among those with sepsis is relatively high (58-65%), and the mortality of the elderly is significantly
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higher.?>*® Unfortunately, there are currently no specific preventive measures or optimal treatment methods for sepsis,
approaches to identifying sepsis and estimating its prognosis have yet to be discovered. Therefore, it is crucial to develop
a simple and efficient method for predicting the severity and prognosis of elderly septic patients.

RDW-CV is calculated by dividing the standard deviation of the mean erythrocyte volume by the mean erythrocyte volume
and multiplying it by 100 to obtain a percentage. RDW-CV, a routine component of complete blood count (CBC), is a readily
accessible and cost-effective prognostic predictor, and it can predict the prognosis of the diseases. The measurement of RDW-
CV has shown promise in predicting drug resistance and inflammation in polycystic ovary syndrome.?” RDW-cv elevation is
an independent prognostic risk factor for severe acute pancreatitis.”® Furthermore, RDW-CV is a useful predictor of clinical
outcomes in critically ill patients with infection and sepsis. Previous studies have suggested that RDW-CV was an independent
predictor of sepsis-related liver injury.”” Higher RDW-CV was found to have a significant association with clinical severity
and mortality prediction of the patients in COVID-19.%° Raised RDW-CV in clinically septic neonates was associated with
poor outcomes in terms of length of hospital stay, mechanical ventilation, and deaths.*’ Our previous study had shown that
RDW-CV was associated with the outcome of sepsis.'® However, there are few studies assessing the relationship between
RDW-CV and the mortality of elderly patients with sepsis. Therefore, we examined the data of 986 elderly patients with sepsis
to investigate whether RDW-CV could predict the prognosis of elderly patients with sepsis. The analysis revealed that RDW-
CV plays a crucial role in predicting mortality in elderly sepsis patients, surpassing the significance of etiology of infection,
clinical status, and other laboratory tests. The RDW-CV (17.22 £3.98%) in the non-survival group was significantly higher
than that (15.30 £2.81%) in the survival group, p < 0.0001. There was a nonlinear relationship RDW-CV and patient mortality
through smooth curve fitting analysis. When RDW-CV was greater than 12.2, mortality risk increase significantly (P<0.001).
The findings from this study suggested that a higher RDW was correlated with increased ICU mortality rates among elderly
septic patients. However, in our own study, we found that RDW-CV alone only modestly predicted clinical outcomes, the area
under the ROC curve (AUC) for RDW-CV was 0.65 (0.61~0.69).

RDW-CV is often used in combination with other indicators for diagnosis or prediction. Studies have combined RDW-CV
with homocysteine to diagnose acute myocardial infarction®” and with carcinoembryonic protein (CEA) to improve the
predictive value of prognosis in patients with colorectal cancer.®® Prediction models constructed by multiple variables
including alanine aminotransferase (ALT), gamma-glutamyl transpeptidase (GGT), carbon dioxide binding force (CO2-CP)
, antithrombin I1I (AT) III), fibrin/fibrinogen degradation products (FDP), and RDW-CV. It has good diagnostic value for liver
injury associated with sepsis.”’ The results of a multi-center study in our country showed that RDW-CV, included in
a validated prognostic nomogram, could be a very good prognostic predictor of adverse outcomes in both severe COVID
infection and sepsis.** Similarly, in our study, through multivariate analysis, we identified several factors with significant
prognostic value, such as mechanical ventilation (MV) needed, drug-resistant bacterial infection, hemofiltration (HF) needed,
etc. In order to improve the predictive value, we combined RDW-CV and other indicators to predict clinical outcomes in
elderly patients with sepsis. Our model had a specificity of 0.81, a negative predictive value of 0.833, and an accuracy of 0.749,
suggesting good predictive value for clinical outcomes in elderly patients with sepsis. The internal validation demonstrated the
stability of the predictive model. Our study indicates that combining RDW-CV with other clinical status indicators, such as
mechanical ventilation, drug-resistant bacterial infection, and hemofiltration, can more accurately predict the clinical outcome
of elderly patients with sepsis compared to using RDW-CV alone. And the calibration plot further confirms the good prediction
effect of the model. In addition, different from previous studies, DCA was conducted to confirm the predictive effectiveness to
verify the validity of our nomogram prediction model. Our study indicated that RDW-CV was one of the significant predictors
of mortality, the nomogram based on RDW-CV with other clinical indicators could more accurately predict the clinical
outcome of elderly sepsis patients, validation analysis confirmed the accuracy of the nomogram, the predictive model offered
clinical applicability. This is also the important significance of this study.

Limitation

Our study has distinct features and limitations when compared with previous research. First, we utilize RDW-CV as the
focus of our investigation. RDW-CV is influenced by both RDW and MCYV, it is possible for homogenous erythrocytes
with narrow distribution curves and low MCV values to have increased RDW-CV values, while heterogeneous
erythrocytes with wide distribution curves and high MCV values may exhibit normal RDW-CV values. These factors
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can impact the predictive value of RDW-CV. Second, the study did not undergo external validation, which may affect the
reliability and generalizability of the research conclusions. Third, while we have a considerable number of cases, sepsis
can result in varying body responses and organ failure states at different times. The study cannot differentiate the specific
onset period of the patients and cannot remove the influence of time factors on clinical outcomes. Finally, the possible
mechanisms between RDW-cv and outcomes of sepsis in elderly patients remain largely unknown. During sepsis, a large
amount of pro-inflammatory mediators are released, and oxygenation stress becomes abnormal. Previous studies had
indicated that the pro-inflammatory state and oxidative stress disrupted erythropoiesis, inhibited erythrocyte maturation,
shorten the lifespan of red blood cells, accelerated the entrance of immature RBCS into circulation,>® leading to
alterations in red cell distribution width. Furthermore, red cell distribution width is believed to be associated with various
organ dysfunction. An increase in red cell distribution width in patients with sepsis indicates that the patients may have
organ dysfunction and a poorer prognosis.>” While we attempt to stratify the analysis, explore the mechanism further, the
study’s limitations prevent us from conducting more in-depth research and discussion on the mechanism. Additionally,
this study is retrospective, and as such, the results can only serve as a reference and provide a basis for future research. It
is difficult to draw positive or negative conclusions from them. Therefore, more scientific, rigorous, and multicenter
studies about the prognostic role of RDW-CV in sepsis need to performed, and our understanding of RDW-CV needs to
be developing continually.

Conclusion

RDW-CV was one of the significant predictors of mortality, In elderly patients with sepsis, raised RDW-CV was
associated with a higher prediction of mortality. The use of RDW-CV in combination with mechanical ventilation, drug-
resistant bacterial infection, and hemofiltration can provide a better prediction of clinical outcomes for elderly patients
with sepsis, compared to using RDW-CV alone. And the prediction model was superior in this study and could be
extended for clinical application. Our study highlights the importance of considering multiple factors in predicting
clinical outcomes and provides a basis for future research in this area.
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