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A b s t r a c t 

Introduction: To explore the association of red blood cell distribution 
width-to-albumin ratio (RAR) with 28-day mortality among septic patients, 
as well as to develop predictive models for evaluating the prognostic signif-
icance of RAR.
Material and methods: Relevant information was obtained from the Medical 
Information Mart for Intensive Care (MIMIC-III). A total of 1475 individuals 
diagnosed with sepsis were enrolled. Data on patients’ age, creatinine levels, 
and mechanical ventilation status in the initial 24 h after intensive care unit 
(ICU) admission were gathered. We employed multivariate COX analyses to 
investigate the correlation between RAR and 28-day mortality, and we con-
ducted subgroup analyses stratified by gender, age, intervention modali-
ty, and disease progression. We established 4 prediction models relevant 
to RAR to forecast the 28-day mortality of septic patients. Additionally, we 
evaluated the predictive value using receiver operator characteristic curves.
Results: The significance of the association between RAR and 28-day mor-
tality was maintained among sepsis patients regardless of their use or non-
use of mechanical ventilation or vasopressor, presence or absence of septic 
shock, and gender (male or female). Additionally, these developed models 
associated with RAR demonstrated a  good predictive value in forecasting 
the 28-day mortality rate among septic patients.
Conclusions: This study provides evidence, suggesting a significant correla-
tion between RAR and the 28-day mortality among sepsis patients of ICU ad-
mission. It might show promise of RAR as a potential dependable prognostic 
marker for the prediction of 28-day mortality in sepsis patients.

Key words: red blood cell distribution width-albumin ratio, 28-day 
mortality, sepsis, risk factor, MIMIC-III.

Introduction

Sepsis, characterised as a systemic reaction to microbial infections, is 
frequently seen in patients with severe illness, and it can result in serious 
organ dysfunction or even death [1, 2]. It is estimated that approximately 
48.9 million individuals experience sepsis globally, with a mortality rate 
of 19.7% [3]. It poses significant harm not only to the patients’ families 
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but also to the whole society [4]. Given the signif-
icant morbidity and mortality of sepsis, the clini-
cians’ demand for more affordable and simplified 
biomarkers that can accurately forecast the prog-
nosis of individuals experiencing sepsis is urgent.

Red blood cell distribution width (RDW), 
a well-known indicator of inflammation, has the 
potential to function as both a  diagnostic and 
prognostic indicator of sepsis [5]. RDW reflects 
the heterogeneity of circulating red blood cell 
(RBC) size [6, 7]. Several studies have indicated 
a link between elevated RDW levels and an esca-
lated mortality for individuals experiencing sepsis 
[8–10]. According to previous studies, it has been 
noted that sepsis patients who exhibit reduced 
levels of serum albumin (ALB), a biochemical indi-
cator of nutritional status, tend to have unfavour-
able outcomes [11]. That association is believed 
to be attributed to the potential anti-inflamma-
tory effects and mitigation of oxidative stress 
provided by ALB [12, 13]. The RDW-to-albumin 
ratio (RAR), combining RDW and ALB levels, has 
been identified as a valuable predictor of mortal-
ity in certain medical conditions [14, 15]. Based 
on a  retrospective analysis carried out by Zhao 
et al., it was observed that a higher level of RAR 
was linked to an increased likelihood of all-cause 
mortality in stroke patients [14]. Furthermore, the 
correlation between RAR and mortality has been 
observed in patients undergoing burn surgery 
[16], acute respiratory distress syndrome [17], di-
abetic ketoacidosis [18], and critically ill pneumo-
nia [19]. Nevertheless, the effect of RAR on out-
comes in patients with sepsis has been sparsely 
investigated in the existing literature.

This research postulated that RAR might be 
able to serve as a prognostic factor for septic pa-
tients. To validate this hypothesis, we designed 
this research to explore the correlation of RAR 
with the outcomes of sepsis patients, and to de-
velop predicting models in assessing the prognos-
tic significance of RAR.

Material and methods

Population selection 

For this study, we utilised data from Medical In-
formation Mart for Intensive Care III (MIMIC-III) to 
conduct this retrospective cohort analysis. MIM-
IC-III is a  freely accessible database that stores 
anonymised information on over 40,000 individ-
uals who were hospitalised in the intensive care 
unit (ICU) at Beth Israel Deaconess Medical Cen-
tre [20]. Because patients’ information in the da-
tabase is desensitised, the ethical review of our 
hospital was exempted.

Inclusion criteria: (1) patients identified as hav-
ing sepsis according to the sepsis-3 guidelines and 
the identification of sepsis involved the presence 
of both infection and the sequential organ failure 
assessment (SOFA) score exceeding or equal to 2 
[21]; and (2) patients with complete information 
about RDW and ALB. 

Exclusion criteria: (1) patients with ICU stay  
< 24 h; (2) patients aged < 18 years; (3) patients 
lacking information on vital signs or key vari-
ables; and (4) patients lost to follow-up. Figure 1 
illustrates the process of participants’ selection in 
this investigation. The final analysis encompassed 
a cohort of 1475 individuals diagnosed with sepsis.

Outcome

The main outcome of this study was to focus 
on 28-day mortality after ICU admission. The ini-
tiation of the follow-up period commenced upon 
ICU admission, while its termination occurred  
28 days after ICU admission.

Data collection

Data were collected from ICU patients during 
the initial 24-hour period following their admis-
sion. In cases where septic patients had multi-
ple admissions to the ICU, only data from their 
initial admission was included in our analysis. 
We collected data on the following variables:  
(1) demographic data: gender, age (years), race, and 
status of marriage; (2) vital signs and laboratory 
values: mean arterial pressure (MAP, mm Hg), sys-
tolic blood pressure (SBP, mm Hg), diastolic blood 
pressure (DBP, mm Hg), temperature (°C), respi-
ratory rate (breaths/min), heart rate (times/min), 
RAR, blood urea nitrogen (BUN, mg/dl), creatinine 

Figure 1. The process of population selection for 
this study

RDW – red blood cell distribution width, ALB – albumin, 
MIMIC – Medical Information Mart for Intensive Care, 
ICU – intensive care unit, MAP – mean arterial pressure, 
INR – international normalized ratio, PTT – partial 
thromboplastin time, GCS – Glasgow coma scale.

Sepsis patients with complete information 
RDW and ALB in MIMIC-III (n = 2215)

Included patients (n = 1475)

Excluded: 
1)  aged less than  

18 years (n = 4) 
2)  with < 24 h of ICU 

stay (n = 354)
3)  lost to follow-up 

(n = 1)

Death group  
(n = 521)
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on MAP, temperature, 
lactate, INR, PTT, GCS, 

bilirubin, sodium  
(n = 381)
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(n = 954)
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(mg/dl), bilirubin (mmol/l), lactate (mmol/l), white 
blood cell count (WBC, K/µl), sodium (mEq/l), hae-
moglobin (g/dl), potassium (mEq/l), bicarbonate 
(mEq/l), chloride (mEq/l), international normalised 
ratio (INR), prothrombin time (PT, sec), and partial 
thromboplastin time (PTT, s); (3) interventions: the 
use of mechanical ventilation, renal replacement 
therapy (RRT), and vasopressor; (4) severity score: 
sequential organ failure assessment (SOFA) score, 
Glasgow coma scale (GCS), and simplified acute 
physiology score II (SAPS II); and (5) comorbidities: 
diabetes, liver disease, hypertension, congestive 
heart failure (CHF), septic shock, atrial fibrillation, 
Charlson comorbidity index (CCI), coronary heart 
disease (CHD), acute respiratory failure (ARF), 
acute kidney failure (AKF), and sepsis-induced 
myocardial dysfunction (SIMD).

Statistical analysis

For continuous variables that exhibited a nor-
mal distribution, we used mean ± standard devi-
ation (mean ± SD) to represent them. When the 
variables did not follow a normal distribution, we 
represented them using the median and quar-
tiles. We employed t-test or Wilcoxon rank sum 
test to assess inter-group differences. Categorical 
variables were analysed for the number of cases 
and the composition proportion, and assessed for 
inter-group differences using the c2 test. The pa-
tients with missing variables were excluded, and 
sensitivity analysis was performed on the popu-
lation both before and after deletion (Supplemen-
tary Table SI). The threshold for statistical signifi-
cance was p  <  0.05.

Patients were categorised into 2 cohorts, 
namely the group of patients who survived for 
28 days and the group of patients who did not 
survive for 28 days. A  comparison was conduct-
ed to analyse the distribution of characteristics 
between the 2 groups. Variables of p < 0.05 were 
identified as confounding factors in this study, 
and both univariate and multivariate COX anal-
yses were performed to investigate the associa-
tion between RAR and 28-day mortality for sepsis 
patients. We further performed analyses of the 
subgroups stratified by age, gender, intervention 
modality, and disease progression. The hazard ra-
tio (HR) along with a 95% confidence interval (CI) 
was calculated. 

In addition, we assessed the predictive value of 
RAR by developing the predictive models. All cases 
were assigned to 2 groups, namely training and 
testing groups, using a random allocation method 
with an 8 : 2 ratio. The predictive models were es-
tablished in the training group to predict the mor-
tality of sepsis patients, and they were validated 
in the testing group. Herein, we adopted least ab-
solute shrinkage and selection operator (LASSO) 

regression analysis to identify potential predic-
tors in the training group. Those predictors were 
included to establish 4 predictive models related 
to RAR: logistic regression (LR) model, random for-
est (RF) model, light gradient boosting machine 
(LGBM) model, and extreme gradient boosting 
(XGBoost) model, and the importance of each 
variable in each model was analysed. The perfor-
mance of these constructed models and the SOFA 
and SAPS II scoring systems was assessed using 
the receiver operator characteristic (ROC) curve.

Results

Characteristics 

This study involved 1475 individuals diagnosed 
with sepsis, who had an average age of 64.47 
±16.44 years. The follow-up period had a median 
duration of 28 (11.86, 28) days. Table I presents 
the characteristics of the enrolled sepsis patients, 
among whom 954 survived and 521 died. 

The survival group were significantly younger 
than the death group. Additionally, we found no-
table variations between the survival and death 
groups in the variables of age, gender, DBP, SBP, 
MAP, temperature, BUN, bilirubin, creatinine, lac-
tate, sodium, potassium, bicarbonate, chloride, INR, 
PT, PTT, use of vasopressor, use of mechanical ven-
tilation, GCS, CCI, liver disease, septic shock, atrial 
fibrillation, AKF, and ARF (all p < 0.05), suggesting 
that those variables may be confounding factors.

Relationship of RAR with 28-day mortality

In the unadjusted model, RAR was relevant to 
28-day mortality of sepsis patients (Table II; Mo- 
del 1: HR = 1.14, 95% CI: 1.10–1.18). After adjust-
ing confounding factors, including age, gender, 
DBP, SBP, MAP, temperature, BUN, bilirubin, cre-
atinine, lactate, sodium, potassium, bicarbonate, 
chloride, INR, PT, PTT, GCS, use of vasopressor, 
use of mechanical ventilation, CCI, liver disease, 
septic shock, atrial fibrillation, AKF, and ARF, multi-
variate COX analysis indicated that RAR exhibited 
independent association with 28-day mortality in 
sepsis patients, with an adjusted HR value of 1.13 
(95% CI: 1.08–1.17). Subsequently, we proceeded 
to analyse the impacts of SOFA and SAPS II on the 
mortality within 28 days. In the adjusted model, 
both SOFA (HR = 1.09) and SAPS II (HR = 1.04) 
exhibited significant associations with 28-day 
mortality.

Subgroup analysis 

We explored the correlation between RAR and 
the likelihood of 28-day mortality in sepsis pa-
tients exhibiting diverse characteristics. As depict-
ed in Figure 2, we conducted subgroup analyses 
based on the use of RRT, the use of mechanical 
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Table I. Characteristics of population

Variables Total (n = 1475) Survival group  
(n = 954)

Death group  
(n = 521)

P-value

Age [year] mean ± SD 64.47 ±16.44 63.09 ±17.16 67.00 ±14.72 < 0.001

Gender, n (%): 0.028

Female 634 (42.98) 430 (45.07) 204 (39.16)

Male 841 (57.02) 524 (54.93) 317 (60.84)

Marital status, n (%): 0.415

Married 681 (46.17) 433 (45.39) 248 (47.60)

Other (divorce, separated, single, 
widowed, unknown)

794 (53.83) 521 (54.61) 273 (52.40)

Race, n (%): 0.864

White 1060 (71.86) 687 (72.01) 373 (71.59)

Other (American Indian, Asian, Black, 
Hispanic or Latino, Multi-Race Ethnicity, 
Other Race, unknown)

415 (28.14) 267 (27.99) 148 (28.41)

DBP [mm Hg] mean ± SD 60.00 ±17.91 61.04 ±17.81 58.10 ±17.94 0.003

SBP [mm Hg] mean ± SD 112.33 ±25.06 113.78 ±25.02 109.66 ±24.92 0.003

MAP [mm Hg] mean ± SD 74.59 ±19.70 75.47 ±19.66 72.98 ±19.71 0.020

Heart rate [times/min] mean ± SD 97.42 ±21.86 98.05 ±21.92 96.28 ±21.73 0.139

Respiratory rate [breaths/min] M (Q1, Q3) 21.00 (17.00, 25.00)20.50 (17.00, 25.00)21.00 (17.00, 26.00) 0.515

Temperature [°C] mean ± SD 36.62 ±2.35 36.79 ±2.13 36.30 ±2.69 < 0.001

WBC [K/µl] M (Q1, Q3) 13.10 (8.00, 19.50) 12.90 (8.20, 19.40) 13.40 (7.50, 19.70) 0.718

BUN [mg/dl] M (Q1, Q3) 33.00 (20.00, 54.00)29.00 (17.00, 49.00)41.00 (25.00, 64.00) < 0.001

Bilirubin [mmol/l] M (Q1, Q3) 1.00 (0.50, 2.90) 0.90 (0.50, 2.30) 1.30 (0.50, 4.50) < 0.001

Creatinine [mg/dl] M (Q1, Q3) 1.50 (1.00, 2.70) 1.40 (0.90, 2.50) 1.80 (1.10, 3.00) < 0.001

Haemoglobin [g/dl] mean ± SD 10.32 ±1.99 10.38 ±1.98 10.22 ±2.02 0.136

Lactate [mmol/l] M (Q1, Q3) 8.90 (2.20, 263.00) 7.75 (2.00, 239.00) 9.90 (2.50, 320.00) < 0.001

Sodium [mEq/l] mean ± SD 138.13 ±6.06 138.42 ±5.82 137.60 ±6.43 0.015

Potassium [mEq/l] mean ± SD 4.15 ±0.81 4.06 ±0.77 4.32 ±0.85 < 0.001

Bicarbonate [mEq/l] mean ± SD 20.40 ±5.39 20.74 ±5.19 19.79 ±5.69 0.002

Chloride [mEq/l] mean ± SD 106.01 ±7.52 106.45 ±7.37 105.21 ±7.73 0.003

INR, M (Q1, Q3) 1.50 (1.30, 2.00) 1.50 (1.30, 1.80) 1.60 (1.30, 2.30) < 0.001

PT [s] M (Q1, Q3) 16.40 (14.30, 19.70)15.80 (14.20, 18.70)17.40 (14.80, 22.10) < 0.001

PTT [s] M (Q1, Q3) 35.80 (30.40, 46.00)34.75 (30.00, 42.50)38.40 (32.10, 50.90) < 0.001

Use of RRT, n (%): 0.093

No 1310 (88.81) 857 (89.83) 453 (86.95)

Yes 165 (11.19) 97 (10.17) 68 (13.05)

Use of vasopressor, n (%): < 0.001

No 559 (37.90) 415 (43.50) 144 (27.64)

Yes 916 (62.10) 539 (56.50) 377 (72.36)

Use of mechanical ventilation, n (%): < 0.001

No 517 (35.05) 394 (41.30) 123 (23.61)

Yes 958 (64.95) 560 (58.70) 398 (76.39)

GCS, mean ± SD 13.48 ±2.86 13.67 ±2.58 13.13 ±3.29 0.001

SOFA, M (Q1, Q3) 8.00 (5.00, 11.00) 7.00 (5.00, 10.00) 9.00 (7.00, 13.00) < 0.001

SAPS II, mean ± SD 48.72 ±15.99 44.34 ±14.74 56.74 ±15.07 < 0.001

CCI, M (Q1, Q3) 3.00 (1.00, 5.00) 3.00 (1.00, 4.00) 4.00 (2.00, 6.00) < 0.001
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Variables Total (n = 1475) Survival group  
(n = 954)

Death group  
(n = 521)

P-value

Diabetes, n (%): 0.805

No 1011 (68.54) 656 (68.76) 355 (68.14)

Yes 464 (31.46) 298 (31.24) 166 (31.86)

CHF, n (%): 0.959

No 961 (65.15) 622 (65.20) 339 (65.07)

Yes 514 (34.85) 332 (34.80) 182 (34.93)

Liver disease, n (%): < 0.001

No 1002 (67.93) 701 (73.48) 301 (57.77)

Mild 281 (19.05) 173 (18.13) 108 (20.73)

Severe 192 (13.02) 80 (8.39) 112 (21.50)

Septic shock, n (%): < 0.001

No 662 (44.88) 465 (48.74) 197 (37.81)

Yes 813 (55.12) 489 (51.26) 324 (62.19)

Atrial fibrillation, n (%): 0.015

No 1043 (70.71) 695 (72.85) 348 (66.79)

Yes 432 (29.29) 259 (27.15) 173 (33.21)

Hypertension, n (%): 0.664

No 705 (47.80) 452 (47.38) 253 (48.56)

Yes 770 (52.20) 502 (52.62) 268 (51.44)

CHD, n (%): 0.566

No 1284 (87.05) 834 (87.42) 450 (86.37)

Yes 191 (12.95) 120 (12.58) 71 (13.63)

AKF, n (%): < 0.001

No 506 (34.31) 377 (39.52) 129 (24.76)

Yes 969 (65.69) 577 (60.48) 392 (75.24)

ARF, n (%): < 0.001

No 723 (49.02) 532 (55.77) 191 (36.66)

Yes 752 (50.98) 422 (44.23) 330 (63.34)

SIMD, n (%): 0.822

No 1451 (98.37) 939 (98.43) 512 (98.27)

Yes 24 (1.63) 15 (1.57) 9 (1.73)

RAR, mean ± SD 6.48 ±2.04 6.19 ±1.95 7.01 ±2.09 < 0.001

SBP – systolic blood pressure, DBP – diastolic blood pressure, MAP – mean arterial pressure, WBC – white blood cell count, BUN – blood urea 
nitrogen, INR – international normalised ratio, PT – prothrombin time, PTT – partial thromboplastin time, RRT – renal replacement therapy, 
GCS – Glasgow coma scale, SOFA – sequential organ failure assessment, SAPS II – simplified acute physiology score II, CCI – Charlson 
comorbidity index, CHF – congestive heart failure, CHD – coronary heart disease, AKF – acute kidney failure, ARF – acute respiratory failure, 
SIMD – sepsis-induced myocardial dysfunction, RAR – red blood cell distribution width-albumin ratio, SD – standard deviation.

Table I. Cont.

Table II. The correlation analysis of RAR, SOFA, SAPS II, and 28-day mortality for patients with sepsis

Variables Model 1 Model 2

HR (95% CI) P-value HR (95% CI) P-value

RAR 1.14 (1.10–1.18) < 0.001 1.13 (1.08–1.17) < 0.001

SOFA 1.14 (1.12–1.17) < 0.001 1.09 (1.05–1.12) < 0.001

SAPS II 1.04 (1.04–1.05) < 0.001 1.04 (1.03–1.04) < 0.001

RAR – red blood cell distribution width-albumin ratio, SOFA – sequential organ failure assessment, SAPS II – simplified acute physiology 
score II, HR – hazard ratio, CI – confidence interval. Model 1: unadjusted variables. Model 2: adjusted age, gender, systolic blood pressure, 
diastolic blood pressure, mean arterial pressure, temperature, blood urea nitrogen, bilirubin, creatinine, lactate, sodium, potassium, 
bicarbonate, chloride, international normalized ratio, prothrombin time, partial thromboplastin time, Glasgow coma scale, use of 
vasopressor, use of mechanical ventilation, Charlson comorbidity index, liver disease, septic shock, atrial fibrillation, acute kidney failure, 
acute respiratory failure.
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Figure 2. Subgroup analysis based on age, gender, intervention modality, and disease progression. RRT=renal 
replacement therapy

The use of mechanical ventilation: Yes

The use of mechanical ventilation: No

The use of vasopressor: Yes

The use of vasopressor: No

The use of RTT: Yes

The use of RTT: No

Septic shock: Yes

Septic shock: No

Male

Female

Age ≥ 65

Age < 65

 0.9 1.0 1.1 1.2 1.3

HR (95% CI)

Figure 3. Importance of each predictor

RF – random forest, LGBM – light gradient boosting machine, XGBoost – extreme gradient boosting, CCI – Charlson comorbidity 
index, RAR – red blood cell distribution width-albumin ratio, BUN – blood urea nitrogen, ARF – acute respiratory failure,  
INR – international normalized ratio, GCS – Glasgow coma scale, SBP – systolic blood pressure, DBP – diastolic blood pressure, 
CHF – congestive heart failure, AKF – acute kidney failure.
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Potassium
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Importance
 LGBM        RF        XGBoost

ventilation, the use of vasopressor, septic shock, 
age, and gender. The findings indicated a signif-
icant association of RAR with 28-day mortality 
for sepsis patients who did not use RRT and were 
aged ≥ 65 years, whether they were male or fe-
male, had mechanical ventilation, vasopressor, 
and septic shock or not. Notably, the impacts of 
RAR on the prognosis of patients at 28 days after 
ICU admission may not apply to sepsis patients 
who have the use of RRT and are younger than  
65 years old.

Development of prediction model 
associated with RAR

To assess the predictive value of RAR, we de-
veloped 4 predictive models for predicting 28-day 
mortality of sepsis patients. LASSO regression 
analysis was adopted for the selection of predic-

tors. As shown in Supplementary Figure S1, the re-
sults indicated that CCI, RAR, age, BUN, lactate, ARF, 
INR, liver disease, use of mechanical ventilation, 
GCS, SBP, potassium, DBP, use of vasopressor, CHF, 
AKF, and septic shock were predictors, which were 
used to develop 4 predictive models associated 
with RAR: LR model, RF model, LGBM model, and 
XGBoost model. Simultaneously, we analysed the 
contributions of each predictor (Figure 3). Accord-
ing to the results of each feature’s contributions 
in the 4 predictive models, RAR was an important 
feature for forecasting the 28-day mortality. Ta-
ble III represents the predictive capabilities of the 
LR, RF, LGBM, and XGBoost models in the training 
and testing groups. The results showed that the 
LR model, RF model, LGBM model, and XGBoost 
model had good predictive performance for fore-
casting the 28-day mortality of sepsis patients. 
The ROC curves, SOFA score, and SAPS II score of 
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these constructed models are shown in Figure 4. 
These constructed models, compared with SOFA 
and SAPS II scores, had significantly higher AUCs 
in both the training and testing groups.

Discussion

The relationship of RAR with 28-day mortality 
for sepsis patients admitted to the ICU was inves-
tigated in this paper, involving a  cohort of 1475 
individuals from the MIMIC-III database. The find-
ings indicated that RAR was linked to an increased 
risk of 28-day mortality in sepsis patients. 

The RAR parameter is formed by combining 
RDW and ALB. Numerous studies have revealed 
that RAR, as an easily accessible and low-cost bio-
marker, possesses the capability to serve as a pre-
dictive marker for various diseases [22, 23]. Qiu 
et al. analysed 1174 individuals diagnosed with 
chronic obstructive pulmonary disease and found 
that the high level of RAR was associated with hos-
pital mortality; furthermore, it was observed that 
RAR could serve as a predictive factor for hospital 
mortality (AUC = 0.706, 95% CI: 0.665–0.747) [22]. 
Zhao et al. designed a cross-sectional study and 
concluded that RDW showed a significant associ-
ation with the development of diabetic retinopa-
thy (odds ratios = 1.64, 95% CI: 1.23–-2.19) [23]. 
In the present study, after adjusting age, gender, 
DBP, SBP, MAP, temperature, BUN, bilirubin, cre-
atinine, lactate, sodium, potassium, bicarbonate, 
chloride, INR, PT, PTT, GCS, use of vasopressor, use 
of mechanical ventilation, CCI, liver disease, sep-
tic shock, atrial fibrillation, AKF, and ARF, we ob-
served that RAR was linked with increased 28-day 
mortality among sepsis patients. After performing 

subgroup analyses, the correlation of RAR with 28-
day mortality remained statistically significant for 
sepsis patients who did not use RRT, aged ≥ 65 
years, whether they were male or female, and had 
mechanical ventilation, vasopressor, and septic 
shock or not. This research was an initial attempt 
to explore the correlation of RAR with 28-day mor-
tality among sepsis patients utilising the MIMIC-III 
database. However, the underlying mechanism re-
garding that association is unclear. Possible expla-
nations are as follows: as one of the components 
of the RAR, RDW, may reflect the heterogeneity of 
peripheral blood erythrocyte volume [6]. Oxidative 
stress, hypertension, malnutrition states, dyslipi-

Table III. The predictive performance of the constructed models

Dataset Model AUC
(95% CI)

Accuracy  
(95% CI)

Sensitivity 
(95% CI)

Specificity 
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Training 
group

LR 0.747
(0.718–0.775)

0.709
(0.683–0.735)

0.682
(0.638–0.726)

0.725
(0.693–0.757)

0.588
(0.545–0.631)

0.799
(0.768–0.829)

RF 0.855
(0.834–0.876)

0.766
(0.742–0.790)

0.817
(0.780–0.853)

0.737
(0.705–0.769)

0.641
(0.601–0.681)

0.875
(0.849–0.901)

LGBM 0.852
(0.831–0.874)

0.757
(0.732–0.781)

0.803
(0.765–0.840)

0.730
(0.699–0.762)

0.631
(0.591–0.672)

0.866
(0.839–0.892)

XGBoost 0.856
(0.835–0.877)

0.756
(0.731–0.780)

0.838
(0.803–0.872)

0.709
(0.676–0.741)

0.623
(0.584–0.663)

0.884
(0.858–0.909)

Testing 
group

LR 0.747
(0.718–0.775)

0.709
(0.683–0.735)

0.682
(0.638–0.726)

0.725
(0.693–0.757)

0.588
(0.545–0.631)

0.799
(0.768–0.829)

RF 0.774
(0.721–0.828)

0.678
(0.625–0.731)

0.811
(0.730–0.892)

0.620
(0.553–0.686)

0.483
(0.404–0.563)

0.882
(0.829–0.935)

LGBM 0.775
(0.720–0.829)

0.681
(0.628–0.735)

0.833
(0.756–0.910)

0.615
(0.548–0.681)

0.487
(0.408–0.566)

0.894
(0.843–0.945)

XGBoost 0.778
(0.724–0.832)

0.719
(0.667–0.770)

0.778
(0.692–0.864)

0.693
(0.630–0.756)

0.526
(0.441–0.611)

0.877
(0.826–0.927)

LR – logistic regression, RF – random forest, LGBM – light gradient boosting machine, XGBoost – extreme gradient boosting, AUC – area 
under curve, PPV – positive predictive value, NPV – negative predictive value, CI – confidence interval.

 Developed models        SOFA        SAPS II

Figure 4. Comparison of the predictive perfor-
mance of the constructed models with SOFA and 
SAPS II scores

LR – logistic regression, RF – random forest, LGBM – light 
gradient boosting machine, XGBoost – extreme gradient 
boosting, SOFA – sequential organ failure assessment, 
SAPS II – simplified acute physiology score II.
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daemia, and inflammation can lead to an increase 
of RDW, and these abnormalities associated with 
sepsis may lead to adverse outcomes [6, 9]. Sep-
sis causes increased oxidative stress [24], which 
potentially leads to a decrease in the lifespan of 
RBC and an elevated release of immature RBC into 
peripheral circulation, and these may lead to an 
elevated RDW level [25]. Additionally, ALB, the oth-
er component of RAR, is a negative acute phase 
protein that assumes a pivotal function in uphold-
ing physiological equilibrium and contributes to 
mitigating inflammatory responses [26, 27]. ALB 
could be oxidised under oxidative stress, leading 
to significant hypoalbuminaemia [28, 29]. Sepsis 
is a systemic inflammatory response [30].

Furthermore, we also evaluated the predictive 
value of RAR by building 4 prediction models. 
Those developed models, relevant to RAR, per-
formed well in predicting 28-day mortality. Com-
pared to conventional SOFA and SAPS II scores, 
these models exhibited a better predictive power. 
The findings indicate that RAR might have prom-
ise as a reliable prognostic indicator for patients 
with sepsis.

Nevertheless, certain limitations were present 
in this research. First, considering that this study 
is a  retrospective single-centre design, there is 
inevitably a potential bias. However, we have ad-
justed many covariates to ensure the credibility of 
the results. Second, the data utilised in our study 
was obtained from the MIMIC-III database, and 
we only extracted RAR data in the initial 24 h after 
the patients’ admission to the ICU, without con-
sidering any dynamic changes in RAR. Also, our 
investigation was carried out on adult individuals 
admitted to the ICU, so it is still unclear whether 
the prognostic value of RAR is applicable to other 
populations. Further prospective studies are war-
ranted to validate our findings.

In conclusion, this research provides evidence 
that RAR was linked to 28-day mortality for sepsis 
patients admitted to the ICU. The predictive value 
of RAR was also assessed by developing predictive 
models. Clinical attention to RAR as a  prognos-
tic indicator could be helpful to understand the 
prognosis in sepsis patients, thereby taking timely 
and appropriate therapeutic measures based on 
the patient’s prognosis prediction. However, more 
prospective studies will be required to validate 
these results in the future.
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