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Association and prediction of red
blood cell distribution width to
albumin ratio in all-cause
mortality of acute kidney injury in
critically ill patients

Chen Gao and Longkai Peng*

Department of Kidney Transplantation, The Second Xiangya Hospital of Central South University,
Changsha, China

Aim: The progression of acute kidney injury (AKI) might be associated with
systemic inflammation. Our study aims to explore the association and predictive
value of the red blood cell distribution width (RDW) to human serum albumin
(ALB) ratio (RDW/ALB ratio), an inflammation-related indicator, in the risk of all-
cause mortality and renal replacement therapy (RRT) in AKI patients admitted in
intensive care units (ICU).

Methods: A retrospective cohort study was designed, and data were extracted
from the Medical Information Mart for Intensive Care Il (MIMIC-1II). The primary
outcome was the risk of all-cause mortality (1-month, 3-month, and 12-month),
and the secondary outcome was the risk of RRT. The association between the
RDW/ALB ratio and the risk of all-cause mortality and RRT was assessed using
the Cox regression analysis, with results shown as hazard ratio (HR) and 95%
confidence intervals (Cls). The relationship between the RDW/ALB ratio and
crude probability of all-cause mortality or RRT was assessed using restricted
cubic splines (RCS). The concordance index (C-index) was used to assess the
discrimination of the prediction model.

Results: A total of 13,856 patients were included in our study. In the fully adjusted
Cox regression model, we found that a high RDW/ALB ratio was associated with
an increased risk of 1-month, 3-month, and 12-month all-cause mortality and
RRT (all p<0.05). Moreover, RCS curves showed the linear relationship between
the RDW/ALB ratio and the probability of all-cause mortality and RRT, and the
probability was elevated with the increase of the ratio. In addition, the RDW/ALB
ratio showed a good predictive performance in the risk of 1-month all-cause
mortality, 3-month all-cause mortality, 12-month all-cause mortality, and RRT,
with a C-index of 0.728 (95%Cl: 0.719-0.737), 0.728 (95%ClI: 0.721-0.735), 0.719
(95%Cl: 0.713-0.725), and 0.883 (95%Cl: 0.876-0.890), respectively.

Conclusion: The RDW/ALB ratio performed well to predict the risk of all-cause
mortality and RRT in critically ill patients with AKI, indicating that this combined
inflammatory indicator might be effective in clinical practice.
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Introduction

Acute kidney injury (AKI) is a syndrome characterized by a
sudden deterioration of kidney function (1). AKI occurs in 10-15%
of all patients admitted to the hospital (2), and its prevalence exceeds
50% in intensive care unit (ICU) patients (3). Three to five-fold greater
mortality was reported in critically ill patients with AKI compared to
those without AKI (4). In the United States, 6-24% of ICU patients
experience AKI, whose short-term all-cause mortality is as high as
60-70% (5, 6), which substantially elevates healthcare costs and brings
great healthcare burdens. Therefore, it is important to search for
valuable indicators to predict the prognosis of critically ill patients
with AKI.

The progression of AKI might be associated with systemic
inflammation (7). Understanding indicators underlying the
inflammatory response has great potential for identifying effective
therapies to prevent or improve AKI (7). Red cell distribution width
(RDW) is an indicator reflecting the size change of red blood cells, and
an increase in RDW is regarded as anisocytosis (8). Studies have
reported a strong relationship between inflammatory reactions and an
increase in RDW (9, 10). RDW has been reported to be associated
with the progressions and outcomes of many diseases, including
kidney diseases (9). Wang et al. (11) found that RDW was
independently correlated with the short-term mortality of critically ill
patients with AKI. Jia et al. (12) reported a positive correlation
between RDW to long-term mortality in AKI patients. Also, Zhu et al.
(13) found that a high level of RDW could independently predict the
need for renal replacement therapy (RRT) in AKI patients. A study
has shown that RDW combined with other viable indicators is more
accurate in predicting the prognosis of critically ill patients with AKI
than RDW alone (14).

Albumin (ALB), synthesized in the liver, is an indicator that
reflects nutritional status and participates in regulating inflammatory
response (15, 16). Previous studies have reported the association
between ALB and AKI, and ALB level bears an inverse association
with all-cause mortality in AKI patients (17, 18). Critical illness is
usually correlated with systemic inflammation, and the RDW/ALB
ratio has been reported as a valuable indicator to predict the prognosis
of ICU patients suffering from stroke, acute respiratory distress
syndrome, and pneumonia (19-21). However, the clinical utility of the
RDW/ALB ratio has not yet been evaluated in critically ill patients
with AKI.

This study aimed to explore the association between the RDW/
ALB ratio and the prognosis of AKI patients admitted in the ICU, and
further explore the predictive value of the RDW/ALB ratio for the
prognosis of AKI.

Methods
Study design and data source

This retrospective cohort study was performed in 2013, based on
the revised Declaration of Helsinki. Data were extracted from the
Medical Information Mart for Intensive Care III (MIMIC-III), a
public and freely available databasethat included health-related data
on over 40,000 patients admitted to the ICU of the Beth Israel
Deaconess Medical Center (Boston, MA, United States) from 2001 to
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2012 (22). This database preserved extensive clinical data, including
demographic characteristics, vital signs, laboratory measurements,
medication, and medical records. The MIMIC-III database has
obtained approval from the Institutional Review Boards of Beth Israel
Deaconess Medical Center (Boston, MA, United States) and the
MA,
United States). To protect patients’ privacy, the personal information

Massachusetts Institute of Technology (Cambridge,
of all included patients was de-identified; therefore, this study was

exempt from the informed consent of patients.

Participants

Participants who were aged >18years, met the diagnosis of AKI,
and were hospitalized in the ICU within 48h of first admission
(considering one of the AKI definitions was evaluated within 48h)
were included in this study. Participants missing data on ALB and
RDW were excluded from this study. The participants were followed
up until death after ICU admission.

AKI was defined as an increase of serum creatinine (SCr) level
by > 0.3 mg/dl (>26.5 pmol/l) within 48 h or an increase of SCr to
> 1.5 times the baseline, which was known or presumed to have
occurred within the prior 7 days, or urine volume < 0.5 ml/kg/h for
6h based on the Kidney Disease: Improving Global Outcomes
(KDIGO) (23).

Data extraction

Data were extracted based on five aspects: baseline characteristics,
vital signs, laboratory parameters, scoring systems, and outcome.

Baseline characteristics included age, gender, ethnicity, height,
weight, AKI stage, therapy [mechanical ventilation, vasopressors, and
renal replacement therapy (RRT)], comorbidities [atrial fibrillation
(AF), congestive heart failure (CHF), respiratory failure, diabetes, and
hypertension], estimated glomerular filtration rate (eGFR), causes of
AKI shock,
cerebrovascular disease, and liver cirrhosis), ICU length of stay, and

(sepsis, acute pancreatitis, cardiogenic acute
hospital length of stay. The eGFR (mL/min/1.73 m) was estimated as
141 x min(Scr/k, 1)*x max(Scr/x, 1) x 0.993%¢x 1.018 [if female] _
1.159 [if Black], where Scr was expressed in mg/dL, k was 0.7 for
females and 0.9 for males, @ was —0.329 for females and —0.411 for
males, min indicated the minimum of Scr/k or 1, and max indicated
the maximum of Scr/x or 1 (24).

Vital signs included heart rate, systolic blood pressure (SBP),
diastolic blood pressure (DBP), respiratory rate, temperature,
saturation of peripheral oxygen (SPO,), partial pressure of carbon
dioxide (PCO,), and partial pressure of oxygen (PO,).

Laboratory parameters included white blood cell count (WBC),
lymphocytes count, neutrophil count, platelet count (PLT),
hemoglobin, hematocrit, creatinine, international normalized ratio
(INR), ALB, blood urea nitrogen (BUN), glucose, lactate, bicarbonate,
anion gap, RDW, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total calcium, neutrophil-to-lymphocyte
ratio (NLR), bilirubin, and prothrombin time (PT).

Scoring systems included Elixhauser Comorbidity Index (ECI),
Sequential Organ Failure Assessment (SOFA) score, and Simplified

Acute Physiology Score II (SAPSII).
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The primary outcome was all-cause mortality (1-month all-cause
mortality, 3-month all-cause mortality, and 12-month all-cause
mortality), and the secondary outcome was the risk of RRT.

Cutoff values of RDW/ALB

The optimal cutoff values of the RDW/ALB ratio were obtained
using X-tile software (version 3.6.1, Yale University, New Haven, CT,
United States) in terms of all-cause mortality and the minimum p
value method (25, 26). X-tile is a bioinformatics tool to assess
biomarkers and optimize outcome-based cut-point values (27). Using
X-tile software, two cutoff values (4.6 and 5.9) for the RDW/ALB ratio
were obtained (Supplementary Figure S1); therefore, patients were
divided into a low ratio group (RDW/ALB <4.6), a moderate ratio
group (RDW/ALB from 4.6 to 5.9), and a high ratio group (RDW/
ALB>5.9).

Statistical analysis

The normally distributed measurement data were expressed as
mean + standard deviation (mean +SD), and differences between the
two groups were compared using a t test. The non-normally
distributed measurement data were presented as median with
interquartile range (IQR), and intergroup differences were compared
using the Wilcoxon rank sum test. The counting data were shown as
the number and percentage [# (%)], and the Chi-square test was used
to compare differences between groups. Variables (height, weight,
PO,, bilirubin, and PT) with missing values over 20% were deleted and
variables with missing values under 20% were processed using
multiple imputations. Sensitivity analysis was conducted before and
after imputation. The cutoff values of ALB and RDW were obtained
using X-tile software (version 3.6.1). According to the cutoff values,
ALB was divided into low level (ALB < 2.6), moderate level (ALB from
2.6 t0 3.3), and high level (ALB >3.3); RDW was divided into low level
(RDW < 14.4), moderate level (RDW from 14.4 to 15.7), and high level
(RDW > 15.7).

Cox regression analysis was used to assess the association between
RDW/ALB and the risk of 1-month all-cause mortality, 3-month
all-cause mortality, 12-month all-cause mortality, and RRT through
stepwise regression (p<0.05 for selection). Results of the cox
regression analysis were expressed as hazard ratio (HR) with 95%
confidence intervals (CIs). We used different models, including an
unadjusted model that was not adjusted for any factors and Model 1
that was adjusted for age, ethnicity, and gender. For all-cause mortality,
Model 2 was adjusted for age, ethnicity, AKI stage, heart rate,
temperature, SPO,, PCO,, hematocrit percent, lymphocytes,
hemoglobin, creatinine, INR, BUN, lactate, calcium, NLR,
bicarbonate, anion gap, AF, CHEF, respiratory failure, diabetes,
hypertension, ECI, mechanical ventilation, vasopressors, SOFA,
SAPSII, RRT, sepsis, acute pancreatitis, liver cirrhosis, and acute
cerebrovascular disease. For the risk of RRT, Model 2 was adjusted for
age, AKI stage, PCO,, lymphocytes, platelet, hematocrit, creatinine,
BUN, bicarbonate, calcium, ALT, AST, anion gap, eGFR, NLR, AF,
CHE ECI, SOFA, mechanical ventilation, vasopressors, sepsis, acute
pancreatitis, liver cirrhosis, acute cerebrovascular disease, and
cardiogenic shock.
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Spearman rank correlation coefficient was used to analyze the
correlation between RDW/ALB and the indexes of the severity of
patients’ conditions and kidney dysfunction (eGFR, SOFA, SAPSII,
and AKI stage). Although SOFA and SAPSII were not specific
indicators for AKI, they were indicators of the severity of clinical
conditions and organ dysfunction at ICU admission (28, 29). AKI
stage was the parameter that represented the severity of AKI, and
eGFR was an index of baseline kidney function. The discrimination of
the prediction model was assessed with the concordance index
(C-index). The DeLong test was used to compare differences in the
C-index of RDW/ALB, RDW, ALB, SAPSII, and SOFA. Restricted
cubic spline (RCS) was only applied to assess the relationship between
the RDW/ALB ratio and the crude probability of all-cause mortality
and RRT. Kaplan-Meier (KM) method was used to assess the
differences in the all-cause mortality of low, moderate, and high
RDW/ALB ratio groups based on the log-rank test. Subgroup analysis
was performed according to the AKI stage and sepsis (with or without)
using multivariate Cox analysis. All data were analyzed by SAS 9.4
(SAS Institute Inc., Cary, NC, United States). KM curves were
generated using R version 4.0.3 (R Foundation for Statistical
Austria). p<0.05 was considered to

Computing, Vienna,

be statistically significant.

Results

Selection and characteristics of included
patients

A total of 28,854 AKI patients were extracted from the
MIMIC-III database. Of these, we excluded 8,132 patients who were
not hospitalized in the ICU within 48 h of first admission and 218
patients younger than 18 years old. Of the remaining 20,504 patients,
we further excluded those who were missing data on ALB (n=4,373)
and RDW (n=2,275). Finally, 13,856 patients were included for
analysis (Figure 1). There were 5,816 patients in the low RDW/ALB
group, 4,182 patients in the moderate RDW/ALB group, and 3,858
patients in the high RDW/ALB group. The missing data were

AKI patients extracted from the
MIMIC-III database (n = 28854)

Excluded (n = 8350)

Not hospitalized in the ICU within 48
hours at the first admission (n = 8132)
Aged < 18 years (n=218)

Remaining patients (n = 20504)

Excluded (n = 6648)
Missing data on ALB (n=4373)
Missing data on RDW (n = 2275)

Eligible patients for analysis (n = 13856)

FIGURE 1
The flowchart of patients’ selection.
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addressed by multiple imputations, and sensitivity analysis showed
consistent results before and after imputation (all p>0.05;
Supplementary Table S1). Table 1 displays that age, gender, AKI
stage, mechanical ventilation, vasopressors, AF, CHE, respiratory
failure, hypertension, eGFR, sepsis, acute pancreatitis, cardiogenic
shock, acute cerebrovascular disease, liver cirrhosis, heart rate, SBP,
DBP, respiratory rate, temperature, SPO,, PCO,, WBC, lymphocytes,

TABLE 1 Characteristics of the study patients divided by RDW/ALB ratios.

10.3389/fmed.2023.1047933

neutrophil, PLT, hemoglobin, hematocrit, creatinine, INR, ALB,
BUN, glucose, lactate, bicarbonate, anion gap, RDW, AST, calcium,
NLR, ECIL, RRT, SOFA, SAPSII, ICU length of stay, hospital length
of stay, RRT, 1-month all-cause mortality, 3-month all-cause
mortality, and 12-month all-cause mortality were statistically
significant in the low, moderate, and high RDW/ALB groups (all
p<0.05).

Variables Total (n =13,856) RDW/ALB ratio Statistics
Low (n =5,816) Moderate High (n =3,858)
(n =4,182)
Age, years 66.17 £15.67 66.26 £16.07 66.54+15.74 65.66 +14.96 t=3.330 0.036
Gender, 1 (%) 27 =26.179 <0.001
Female 6,022 (43.46) 2,409 (41.42) 1812 (43.33) 1801 (46.68)
Male 7,834 (56.54) 3,407 (58.58) 2,370 (56.67) 2057 (53.32)
Ethnicity, n (%) ¥’ =5.206 0.267
Black 1,058 (7.64) 439 (7.55) 325(7.77) 294 (7.62)
Other/unknown 2,822 (20.37) 1,168 (20.08) 822 (19.66) 832 (21.57)
White 9,976 (72.00) 4,209 (72.37) 3,035 (72.57) 2,732 (70.81)
AKT stage, n (%) ¥’ =436.137 <0.001
1 3,137 (22.64) 1,554 (26.72) 910 (21.76) 673 (17.44)
2 6,847 (49.42) 3,108 (53.44) 2051 (49.04) 1,688 (43.75)
3 3,872 (27.94) 1,154 (19.84) 1,221 (29.20) 1,497 (38.80)
Mechanical ventilation, n ¥ =15.193 <0.001
(%)
No 2,527 (18.24) 1,117 (19.21) 785 (18.77) 625 (16.20)
Yes 11,329 (81.76) 4,699 (80.79) 3,397 (81.23) 3,233 (83.80)
Vasopressors, n (%) ¥’ =353.587 <0.001
No 7,430 (53.62) 3,557 (61.16) 2,264 (54.14) 1,609 (41.71)
Yes 6,426 (46.38) 2,259 (38.84) 1918 (45.86) 2,249 (58.29)
AF, n (%) 1 =20.486 <0.001
No 8,387 (60.53) 3,483 (59.89) 2,456 (58.73) 2,448 (63.45)
Yes 5,469 (39.47) 2,333 (40.11) 1726 (41.27) 1,410 (36.55)
CHE n (%) 7 =9.717 0.008
No 8,171 (58.97) 3,506 (60.28) 2,391 (57.17) 2,274 (58.94)
Yes 5,685 (41.03) 2,310 (39.72) 1791 (42.83) 1,584 (41.06)
Respiratory failure, n (%) 1 =188.931 <0.001
No 7,119 (51.38) 3,385 (58.20) 1975 (47.23) 1759 (45.59)
Yes 6,737 (48.62) 2,431 (41.80) 2,207 (52.77) 2099 (54.41)
Diabetes, n (%) y=4.387 0.112
No 10,018 (72.30) 4,237 (72.85) 2,973 (71.09) 2,808 (72.78)
Yes 3,838 (27.70) 1,579 (27.15) 1,209 (28.91) 1,050 (27.22)
Hypertension, 1 (%) ¥’ =236.666 <0.001
No 6,569 (47.41) 2,430 (41.78) 1919 (45.89) 2,220 (57.54)
Yes 7,287 (52.59) 3,386 (58.22) 2,263 (54.11) 1,638 (42.46)
eGFR, mL/min/1.73m 64.64 (40.97, 90.04) 70.69 (48.01, 91.50) 60.18 (35.99, 87.02) 61.24 (35.62, 90.38) Z =169.357 <0.001
(Continued)
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TABLE 1 (Continued)

Variables

Total (n =13,856)

Low (n =5,816)

RDW/ALB ratio

Moderate
(n =4,182)

High (n =3,858)

10.3389/fmed.2023.1047933

Statistics

Frontiers in Medicine

05

Sepsis, 1 (%) 27 =23.431 <0.001

No 11,045 (79.71) 4,749 (43.00) 3,270 (29.61) 3,026 (27.40)

Yes 2,811 (20.29) 1,067 (37.96) 912 (32.44) 832 (29.60)

Acute pancreatitis, 1 (%) 2 =15.895 <0.001

No 13,216 (95.38) 5,594 (42.33) 3,954 (29.92) 3,668 (27.75)

Yes 640 (4.62) 222 (34.69) 228 (35.63) 190 (29.69)

Cardiogenic shock, n (%) ¥’ =6.980 0.030

No 12,896 (93.07) 5,395 (41.83) 3,875 (30.05) 3,626 (28.12)

Yes 960 (6.93) 421 (43.85) 307 (31.98) 232 (24.17)

Acute cerebrovascular x* =200.679 <0.001

disease, 1 (%)

No 13,212 (95.35) 5,382 (40.74) 4,029 (30.50) 3,801 (28.77)

Yes 644 (4.65) 434 (67.39) 153 (23.76) 57 (8.85)

Liver cirrhosis, n (%) x*=320.104 <0.001

No 12,709 (91.72) 5,576 (43.87) 3,829 (30.13) 3,304 (26.00)

Yes 1,147 (8.28) 240 (20.92) 353 (30.78) 554 (48.30)

Heart rate, beats/min 92.75+21.01 90.55+£20.19 93.31+£20.94 95.45+21.94 t =65.604 <0.001

SBP, mmHg 123.35+27.08 127.34+27.69 122.45+26.50 118.32+25.84 t=134.367 <0.001

DBP, mmHg 62.00 (52.00, 74.00) 64.00 (54.00, 77.00) 62.00 (52.00, 72.00) 59.00 (50.00, 72.00) 7 =178.346 <0.001

Respiratory rate, beats/min 19.00 (14.00, 24.00) 18.00 (14.00, 23.00) 19.00 (14.00, 24.00) 19.00 (15.00, 24.00) Z =60.588 <0.001

Temperature, °C 36.61+£1.11 36.62+1.03 36.65+1.13 36.55+£1.20 t=7237 <0.001

SPO,, % 96.80+5.50 97.16£5.18 96.61+5.21 96.46£6.21 t=22.378 <0.001

PCO,, mmHg 41.00 (35.00, 49.00) 41.00 (36.00, 48.00) 42.00 (35.00, 49.00) 41.00 (34.00, 49.00) 7 =20.382 <0.001

WBC, 10°/uL 10.80 (7.60, 15.70) 10.40 (7.60, 14.10) 11.40 (7.90, 16.60) 11.50 (7.50, 16.80) Z=91.112 <0.001

Lymphocytes, 9.80 (5.60, 16.00) 11.20 (6.70, 18.90) 9.40 (5.30, 15.00) 8.00 (4.60, 13.30) Z =484.770 <0.001

Neutrophil, 78.24:+14.07 77.76%13.52 78.92+13.75 7823£15.15 £=8.309 <0.001

PLT, 10%/L 226.00 (161.00, 300.00) 230.00 (179.00, 225.00 (158.00, 219.00 (126.00,316.00) | 2 =63.059 <0.001
292.00) 304.00)

Hemoglobin, g/dl 11.67+2.25 12.63+2.01 11.28+2.17 10.65+2.10 t=1154.789 <0.001

Hematocrit, % 34.90+6.48 37.40£5.77 33.92+6.38 32.19+6.22 t=927.812 <0.001

Creatinine, mg/dl 1.10 (0.80, 1.70) 1.10 (0.80, 1.50) 1.20 (0.80, 2.00) 1.20 (0.80, 2.00) 7 =144.225 <0.001

INR 1.30 (1.10, 1.60) 1.20 (1.10, 1.40) 1.30 (1.10, 1.60) 1.40 (1.20, 1.80) 7 =727.052 <0.001

ALB, g/dl 3.07+0.70 3.66+0.43 2.94+0.37 2.32+0.45 t=12215.27 <0.001

BUN, mg/dl 23.00 (16.00, 38.00) 21.00 (15.00, 31.00) 25.00 (16.00, 43.00) 27.00 (17.00, 45.00) 7 =376.068 <0.001

Glucose, mg/dl 135.00 (108.00, 177.00) 137.00 (112.00, 135.00 (110.00, 129.00 (101.00, 171.00) 7 =121.670 <0.001
183.00) 175.00)

Lactate, mmol/L, 1.80 (1.30, 2.90) 1.70 (1.20, 2.70) 1.80 (1.20, 2.80) 1.90 (1.30, 3.20) Z=75.320 <0.001

Bicarbonate, mEq/L, 24.18+5.46 24.85+£5.13 24.20+£5.48 23.14+£5.76 t=115.203 <0.001

Anion gap, mmol/L 15.90+£4.49 16.07+4.43 15.99+4.46 15.56 £4.60 t=16.399 <0.001

RDW, % 15.14+2.16 14.04+1.18 15.20+1.80 16.76 £2.58 t=2533.834 <0.001

ALT, U/L 27.00 (16.00, 54.00) 27.00 (17.00, 49.50) 28.00 (16.00, 58.00) 27.00 (15.00, 57.00) Z =5.145 0.076

(Continued)
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TABLE 1 (Continued)

10.3389/fmed.2023.1047933

Variables Total (n =13,856) RDW/ALB ratio Statistics

Low (n =5,816) Moderate High (n =3,858)

(n =4,182)

AST, U/L 37.00 (22.00, 77.00) 33.00 (21.00, 64.00) 40.00 (23.00, 83.00) 41.00 (23.00, 89.00) 7 =124.498 <0.001
Calcium, mg/dl 8.44+1.02 8.73+0.90 8.41+£0.97 8.03+1.09 t=591.488 <0.001
NLR 8.39 (4.62, 15.38) 7.07 (3.82,12.94) 8.64 (5.07,16.11) 10.30 (5.58, 18.71) 7 =389.888 <0.001
ECI 12.00 (5.00, 20.00) 9.00 (3.00, 17.00) 13.00 (7.00, 20.00) 15.00 (8.00, 22.00) Z =504.724 <0.001
SOFA 7.00 (4.00, 9.00) 6.00 (4.00, 8.00) 7.00 (5.00, 9.00) 8.00 (6.00, 11.00) Z=573.124 <0.001
SAPSII 42.00 (34.00, 52.00) 39.00 (31.00, 48.00) 43.00 (34.00, 53.00) 46.00 (37.00, 56.00) 7 =598.343 <0.001
ICU length of stay 8.76 (4.01, 21.32) 6.67 (3.43,17.05) 9.47 (4.27,21.91) 11.40 (5.08, 25.14) 7 =334.688 <0.001
Hospital length of stay 17.17 (9.74, 29.23) 14.58 (8.67, 25.22) 18.53 (10.45, 29.08) 20.57 (11.20, 33.40) Z=302.194 <0.001
RRT, n (%) x*=209.848 <0.001
No 11,514 (83.10) 5,133 (44.58) 3,394 (29.48) 2,987 (25.94)
Yes 2,342 (16.90) 683 (29.16) 788 (33.65) 871 (37.19)
1-month all-cause ¥ =337.715 <0.001
mortality, n (%)
No 11,220 (80.98) 5,072 (87.21) 3,360 (80.34) 2,788 (72.27)
Yes 2,636 (19.02) 744 (12.79) 822 (19.66) 1,070 (27.73)
3-month all-cause ¥ =604.116 <0.001
mortality, n (%)
No 9,588 (69.20) 4,621 (79.45) 2,800 (66.95) 2,167 (56.17)
Yes 4,268 (30.80) 1,195 (20.55) 1,382 (33.05) 1,691 (43.83)
12-month all-cause ¥ =733.826 <0.001
mortality, n (%)
No 7,990 (57.66) 4,071 (70.00) 2,270 (54.28) 1,649 (42.74)
Yes 5,866 (42.34) 1745 (30.00) 1912 (45.72) 2,209 (57.26)

AKTI, acute kidney injury; AF, atrial fibrillation; CHE, congestive heart failure; eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; SPO,,
saturation of peripheral oxygen; PCO,, partial pressure of carbon dioxide; WBC, white blood cell count; PLT, platelet count; INR, international normalized ratio; ALB, albumin; BUN, blood
urea nitrogen; RDW, red blood cell distribution width; ALT, alanine aminotransferase; AST, aspartate aminotransferase; NLR, neutrophil-to-lymphocyte ratio; ECI, Elixhauser Comorbidity
Index; SOFA, Sequential Organ Failure Assessment score; SAPSII, Simplified Acute Physiology Score II; ICU, intensive care unit; and RRT, renal replacement therapy.

Low ratio: RDW/ALB < 4.6; moderate ratio: 4.6 <RDW/ALB <5.9; and high ratio: RDW/ALB>5.9.

Association between RDW/ALB and
indexes of The severity of patients’
conditions and kidney dysfunction and
All-cause mortality of AKI

We found RDW and ALB were independently associated with
1-month, 3-month, and 12-month all-cause mortality of AKI patients
(Supplementary Tables S2 and S3). Table 2 shows the association
between RDW/ALB and indexes of the severity of patients’ conditions
and kidney dysfunction. Results displayed that RDW/ALB was
negatively associated with eGFR, and positively associated with SOFA,
SAPSII, and AKI stage (all p <0.001).

Table 3 shows the association between RDW/ALB and all-cause
mortality of AKL In the unadjusted model, moderate and high RDW/
ALB ratios were associated with the increased risk of 1-month,
3-month, and 12-month all-cause mortality compared to the low
RDW/ALB ratio group (all p<0.001). In model 1, after adjusting age,
ethnicity, and gender, similar results were observed (all p<0.001). In
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TABLE 2 The correlation of indexes of the severity of patients’ conditions
and kidney dysfunction with the RDW/ALB ratio.

Variables RDW/ALB
Correlation

eGFR —0.109 <0.001

SOFA 0.213 <0.001

SAPSIT 0.220 <0.001

AKI stage 0.189 <0.001

RDW/ALB, red blood cell distribution width/albumin; AKI, acute kidney injury; eGFR,
estimated glomerular filtration rate; SOFA, Sequential Organ Failure Assessment score; and
SAPSII, Simplified Acute Physiology Score II.

model 2, after adjusting more confounders, RDW/ALB was also an
independent factor for 1-month, 3-month, and 12-month all-cause
mortality in AKI patients, with HR of 1.31 (95%CI: 1.18-1.45), 1.41
(95%CIL: 1.30-1.53), and 1.39 (95%CIL: 1.30-1.49), respectively
(moderate ratio vs. low ratio), and HR of 1.67 (95%CI: 1.49-1.86),
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1.77 (95%CI: 1.62-1.93), and 1.76 (95%CI: 1.64-1.90), respectively
(high ratio vs. low ratio).

Predictive value of RDW/ALB in the
all-cause mortality of AKI patients

Table 4 demonstrates that the C-index of RDW/ALB for
1-month, 3-month, and 12-month all-cause mortality was 0.728
(95%CI: 0.719-0.737), 0.728 (95%CI: 0.721-0.735), and 0.719
(95%CI: 0.713-0.725), respectively. The DeLong test displayed
that the performance of RDW/ALB to predict the risk of 1-month,
3-month, and 12-month all-cause mortality was superior to RDW,
ALB, SAPSII, and SOFA (all p <0.05; Table 5). RCS curves showed
a linear correlation between the RDW/ALB ratio and the crude
probability of all-cause mortality and the probability of all-cause
mortality was increased with the increase of the RDW/ALB ratio
(Figure 2). Consistently, Figures 3A-C demonstrate that the
I-month, 3-month, and 12-month survival of patients with
moderate and high RDW/ALB ratios was lower than those with
the low ratio (log rank p <0.001).

10.3389/fmed.2023.1047933

Subgroup analysis for the association
between RDW/ALB and all-cause mortality
based on AKI stage and sepsis

Results of subgroup analysis based on the AKI stage are shown in
Table 6. In AKI patients at stage 1, we found moderate and high RDW/
ALB ratios were associated with a higher risk of 1-month, 3-month,
and 12-month all-cause mortality compared to the low ratio, with
p<0.05 for all. The results remained similar in the patients at stage 2.
In AKI patients at stage 3, a moderate RDW/ALB ratio increased the
risk of 3-month all-cause mortality (HR: 1.30, 95%CI: 1.12-1.52) and
12-month all-cause mortality (HR: 1.34, 95%CI: 1.18-1.53), while
there was no significant difference between moderate ratio and
1-month all-cause mortality. A high RDW/ALB ratio showed a
positive association with 1-month, 3-month, and 12-month all-cause
mortality, with HR of 1.46 (95%CI: 1.21-1.76), 1.59 (95%CI: 1.36-
1.85), 1.66 (95%CI: 1.46-1.90), respectively.

Results of subgroup analysis based on sepsis are shown in
Supplementary Table S4. In patients with sepsis, we found that
moderate and high RDW/ALB ratios were associated with a higher
risk of 1-month, 3-month, and 12-month all-cause mortality than the

TABLE 3 Hazard ratios (HRs) for all-cause mortality based on RDW/ALB ratios in acute kidney injury (AKI) patients.

RDW/ALB ratio Unadjusted model Model 1 Model 2

HR (95%Cl) P HR (95%Cl) HR (95%Cl)
1-month all-cause mortality
Low Ref Ref Ref
Moderate 1.58 (1.43-1.75) <0.001 1.58 (1.43-1.74) <0.001 1.31 (1.18-1.45) <0.001
High 2.34(2.133-2.57) <0.001 2.38 (2.16-2.61) <0.001 1.67 (1.49-1.86) <0.001
3-month all-cause mortality
Low Ref Ref Ref
Moderate 1.72 (1.592-1.86) <0.001 1.72 (1.60-1.86) <0.001 1.41 (1.30-1.53) <0.001
High 2.47 (2.296-2.67) <0.001 2.55(2.37-2.74) <0.001 1.77 (1.62-1.93) <0.001
12-month all-cause mortality
Low Ref Ref Ref
Moderate 1.70 (1.590-1.81) <0.001 1.71 (1.60-1.82) <0.001 1.39 (1.30-1.49) <0.001
High 2.39 (2.243-2.55) <0.001 2.49 (2.33-2.65) <0.001 1.76 (1.64-1.90) <0.001

HR, hazard ratio; RDW/ALB, red blood cell distribution width/albumin; AKI, acute kidney injury; CI, confidence interval.

Low ratio: RDW/ALB < 4.6; moderate ratio: 4.6 <RDW/ALB <5.9; high ratio: RDW/ALB >5.9.

Unadjusted model, adjusted for none; Model 1, adjusted for age, ethnicity, and gender; Model 2, adjusted for age, ethnicity, AKI stage, heart rate temperature, SPO2, PCO,, Hematocrit percent,
lymphocytes, hemoglobin, creatinine, INR, BUN, lactate, Calcium, NLR, Bicarbonate, anion gap, AF, CHE, respiratory failure, diabetes, hypertension, ECI, mechanical ventilation,
vasopressors, SOFA, SAPSII, RRT, sepsis, acute pancreatitis, liver cirrhosis, and acute cerebrovascular disease.

TABLE 4 Predictive value of RDW/ALB, RDW, ALB, SAPSII, and SOFA in all-cause mortality of AKI.

Variables RDW/ALB RDW

ALB SAPSII SOFA

C-index (95%Cl)

C-index (95%Cl)

1-month all-cause mortality 0.728 (0.719-0.737) 0.714 (0.704-0.724)

C-index (95%Cl)

0.710 (0.700-0.720)

C-index (95%Cl)

0.653 (0.643-0.663)

C-index (95%Cl)

0.562 (0.551-0.573)

3-month all-cause mortality 0.728 (0.721-0.735) 0.718 (0.710-0.726)

0.711 (0.704-0.719) 0.647 (0.639-0.655) 0.568 (0.559-0.576)

12-month all-cause mortality 0.719 (0.713-0.725) 0.708 (0.701-0.714)

0.701 (0.695-0.708) 0.642 (0.635-0.649) 0.563 (0.555-0.570)

RDW/ALB, red blood cell distribution width/albumin; RDW, red blood cell distribution width; ALB, albumin; SAPSII, Simplified Acute Physiology Score II; SOFA, Sequential Organ Failure

Assessment score; C-index, concordance index; and CI, confidence interval.
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TABLE 5 Comparison of differences in C-index of RDW/ALB, RDW, ALB,
SAPSII, and SOFA.

Variables RDW/ RDW/
ALBvs.  ALBvs.
ALB SAPSII
p p
1-month all- 0.030 0.005 <0.001 <0.001
cause mortality
3-month all- 0.046 0.001 <0.001 <0.001
cause mortality
12-month all- 0.011 <0.001 <0.001 <0.001
cause mortality

RDW/ALB, red blood cell distribution width/albumin; RDW, red blood cell distribution
width; ALB, albumin; SAPSII, Simplified Acute Physiology Score II; SOFA, Sequential Organ
Failure Assessment score.
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FIGURE 2

The relationship between the red cell distribution width (RDW)/
albumin (ALB) ratio and the crude probability of all-cause mortality
using RCS.

low RDW/ALB ratio (all p<0.001). Similar results were found in
patients without sepsis (all p <0.001).

Association and predictive value of RDW/
ALB for the risk of RRT In AKI patients

Supplementary Table S5 shows the significant association between
moderate and high RDW/ALB ratios and the risk of RRT in the
unadjusted model. After adjusting age, ethnicity, and gender, the
results remained similar. Further adjusting for more confounders, a
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high RDW/ALB ratio was found to be associated with the risk of RRT
(HR: 1.26, 95%CI: 1.08-1.47). The RCS curve displayed a linear
relationship between the RDW/ALB ratio and the crude probability
of RRT (Supplementary Figure S2). Moreover, we found the good
performance of RDW/ALB in predicting the risk of RRT in AKI
patients (C-index: 0.883,95%ClI: 0.876-0.890; Supplementary Table 56).

Discussion

In our study, we found that an increase in RDW/ALB was
associated with a higher risk of all-cause mortality in critically ill
patients with AKI. This association was also observed in AKI patients
at stage 1, stage 2, and stage 3, and in patients with or without sepsis.
The predictive performance of RDW/ALB in the risk of all-cause
mortality was superior to RDW, ALB, SAPSII, and SOFA. Moreover,
we found RDW/ALB was associated with RRT and performed well in
predicting the risk of RRT.

Acute kidney injury (AKI) is defined as a rapid increase in SCr, a
decrease in urine output, or both (23). More than half of ICU patients
experience AKI, which brings health and medical burdens (1).
Inflammation is initiated by the interaction of the host and pathogen and
is a main pathogenesis to develop fatal consequences in patients,
including in AKI patients (30, 31). Based on inflammatory response as a
main mechanism, identifying new inflammatory indicators or previously
known indicators could be valuable to predict clinical outcomes.

Red cell distribution width (RDW) is increased in response to
inflammatory stimuli (9), and increased RDW is reported to
be associated with unfavorable outcomes in many inflammatory diseases,
such as pneumonia (32), sepsis (33), and ARDS (34). Previous studies
have reported a positive association between RDW and all-cause
mortality of many critically ill conditions (35-37). The elaborated
mechanisms of RDW increase in critically ill patients remain to
be determined; inflammation is induced to generate premature
erythrocytes of premature erythrocytes from the bone marrow (38).
Moreover, oxidative stress overproduces reactive oxygen species, which
also stimulates erythropoiesis, resulting in anisocytosis and the increase
of RDW (39). ALB is also an indicator related to inflammation (40). In
inflammatory states, microvascular permeability and ALB escape is
increased; this expands interstitial space and increases the distribution
volume of ALB (40). In addition, the half-life of ALB is shown to shorten,
reducing the total mass of ALB (40). These two factors result in
hypoalbuminemia in many critically ill patients, and over 50% of them
have ALB concentrations lower than normal values (40, 41). Importantly,
a low ALB concentration is associated with higher mortality (41).
Existing evidence has supported the accuracy of combined
inflammation-related indexes in the prediction of mortality (14, 20).
Previously, studies have reported a positive relationship between RDW/
ALB and all-cause mortality of critically ill patients (19-21). Our findings
were consistent with previous studies that RDW/ALB was associated
with all-cause mortality of ICU patients with AKI, with a higher ratio
indicating a higher risk of mortality. Existing studies showed that AKI
stages were independently associated with the mortality of ICU patients
(42, 43). In our study, we found moderate and high RDW/ALB ratios
increased the risk of all-cause mortality in each AKI stage. To make our
results more reliable, we also performed subgroups based on sepsis since
inflammation may play a role in determining RDW and albumin status.
Results showed that a higher RDW/ALB ratio was associated with a
higher risk of all-cause mortality in patients with or without sepsis.
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Kaplan—Meier (KM) survival curves of 1-month (A), 3-month (B), and 12-month (C) in patients with low, moderate, and high RDW/ALB ratios.

TABLE 6 Hazard ratios (HRs) for the all-cause mortality of AKI patients based on AKIl stage.

RDW/ALB 1-month all-cause mortality 3-month all-cause mortality 12-month all-cause mortality
fatio HR (95%Cl) p HR (95%Cl) p HR (95%Cl) p
AKI stage

Stage 1

Low Ref Ref Ref

Moderate 1.40 (1.09-1.79) 0.008 1.41 (1.17-1.70) <0.001 1.40 (1.20-1.62) <0.001
High 2.21 (1.68-2.90) <0.001 2.27 (1.85-2.80) <0.001 2.26 (1.90-2.68) <0.001
Stage 2

Low Ref Ref Ref

Moderate 1.41 (1.21-1.64) <0.001 1.51 (1.34-1.69) <0.001 1.43 (1.30-1.58) <0.001
High 1.77 (1.51-2.08) <0.001 1.80 (1.59-2.04) <0.001 1.71 (1.54-1.91) <0.001
Stage 3

Low Ref Ref Ref

Moderate 1.12 (0.93-1.35) 0.251 1.30 (1.12-1.52) <0.001 1.34 (1.18-1.53) <0.001
High 1.46 (1.21-1.76) <0.001 1.59 (1.36-1.85) <0.001 1.66 (1.46-1.90) <0.001

HR, hazard ratio; AKI, acute kidney injury; RDW/ALB, red blood cell distribution width/albumin; and CI, confidence interval.
Low ratio: RDW/ALB < 4.6; moderate ratio: 4.6 <RDW/ALB <5.9; high ratio: RDW/ALB >5.9.

Our study also found a better predictive performance of RDW/ALB  predict the prognosis of patients with serious diseases (44, 45). Our study
in the risk of all-cause mortality than RDW, ALB, SAPSII, and  displayed the association between RDW or ALB and the risk of all-cause
SOFA. RDW and ALB have been previously reported to independently = mortality in AKI patients, while the performance of RDW/ALB was
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better than RDW and ALB in the risk of all-cause mortality. The SOFA
score aims to quantitatively assess organ dysfunction over time, and the
association between the quantification of the SOFA score and mortality
is inevitable (46). Many studies have reported the predictive value of the
SOFA score for the risk of mortality in critically ill patients (47-49).
SAPSII scoring system contains age, physiological variables, and several
complications, which can estimate the death risk of critically ill patients
(50, 51). SOFA and SAPSII have been recommended to evaluate the
prognosis outcome of ICU patients who experience AKI; however, SOFA
presents lower accuracy and SAPSII requires complex calculations (52,
53). RDW/ALB was easily calculated in clinical practice and showed
better performance than SAPSII and SOFA. Our study indicated that
RDW/ALB may be a simple and effective predictor for the risk of
all-cause mortality in critically ill patients with AKI.

Acute kidney injury requiring RRT is a serious clinical disorder
in the ICU, and the use of RRT is increasing, with 5-10% of ICU
patients requiring RRT (54, 55). In this study, we also explored the
association and predictive performance of the RDW/ALB ratio in the
risk of RRT. Results showed that a high RDW/ALB ratio was
associated with a higher risk of RRT. Moreover, we found RDW/ALB
performed well to predict the risk of RRT, indicating that RDW/ALB
may also be an effective predictor for the risk of RRT in critically ill
patients with AKI.

Our study used a large sample size to explore the association between
RDW/ALB and the risk of all-cause mortality and RRT and to investigate
the ability of RDW/ALB to predict the risk of all-cause mortality and
RRT in critically ill patients with AKI. However, there are some
limitations in this study. First, this is a retrospective study, the selective
bias is inevitable, making it difficult to generalize the findings to all AKI
patients. Future studies are needed to externally validate our findings.
Second, our data were extracted from the MIMIC-III database. Due to
the defects of the database, treatment and care conditions out of hospital
(potential confounders) were difficult to obtain. Third, the RDW/ALB
ratio was calculated at baseline, and whether monitoring the RDW/ALB
ratio might better predict all-cause mortality of AKI patients’ needs to
be assessed. Fourth, the causes of AKI may be different. We have
provided some of the causes of AKI and performed subgroup analysis
based on sepsis. Due to the other specific causes for AKI not being
recorded in the MIMIC-III database, we could not carry out
further analyses.

Conclusion

In conclusion, our study showed that RDW/ALB was associated
with the risk of all-cause mortality and RRT, and performed well
to predict the risk of all-cause mortality and RRT in AKI patients
admitted to the ICU. Our findings indicated that clinicians may use
RDW/ALB to predict the risk of all-cause mortality and RRT of
ICU patients with AKI, which may help them take adequate
interventions to improve the prognosis of high-risk patients.

References

1. Ronco, C, Bellomo, R, and Kellum, J. Acute kidney injury. Lancet. (2019)
394:1949-64. doi: 10.1016/s0140-6736(19)32563-2

2. Al-Jaghbeer, M, Dealmeida, D, Bilderback, A, Ambrosino, R, and Kellum, JA.
Clinical decision support for in-hospital AKI. ] Am Soc Nephrol. (2018) 29:654-60. doi:
10.1681/asn.2017070765

Frontiers in Medicine

10.3389/fmed.2023.1047933

Data availability statement

Publicly available datasets were analyzed in this study. This data
can be found at: MIMIC-III database, https://mimic.physionet.org/iii/.

Ethics statement

The studies involving human participants were reviewed and
approved by Beth Israel Deaconess Medical Center (Boston, MA,
United States) and the Massachusetts Institute of Technology
(Cambridge, MA, United States). The patients/participants provided
their written informed consent to participate in this study.

Author contributions

CG and LP designed the study. CG wrote the manuscript,
collected, analyzed, and interpreted the data. LP critically reviewed
and edited the manuscript. All authors contributed to the article and
approved the submitted version.

Funding

This work is supported by Hunan Clinical Medical Technology
Innovation Guidance Project 2021SK53524.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2023.1047933/
full#supplementary-material

3. Hoste, EA, Bagshaw, SM, Bellomo, R, Cely, CM, Colman, R, Cruz, DN, et al.
Epidemiology of acute kidney injury in critically ill patients: the multinational AKI-EPI
study. Intensive Care Med. (2015) 41:1411-23. doi: 10.1007/s00134-015-3934-7

4. Kellum, JA, Chawla, LS, Keener, C, Singbartl, K, Palevsky, PM, Pike, FL, et al. The
effects of alternative resuscitation strategies on acute kidney injury in patients with

frontiersin.org


https://doi.org/10.3389/fmed.2023.1047933
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://mimic.physionet.org/iii/
https://www.frontiersin.org/articles/10.3389/fmed.2023.1047933/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2023.1047933/full#supplementary-material
https://doi.org/10.1016/s0140-6736(19)32563-2
https://doi.org/10.1681/asn.2017070765
https://doi.org/10.1007/s00134-015-3934-7

Gao and Peng

septic shock. Am ] Respir Crit Care Med. (2016) 193:281-7. doi: 10.1164/
rccm.201505-09950C

5. Uchino, S, Kellum, JA, Bellomo, R, Doig, GS, Morimatsu, H, Morgera, S, et al. Acute
renal failure in critically ill patients: a multinational, multicenter study. JAMA. (2005)
294:813-8. doi: 10.1001/jama.294.7.813

6. Khwaja, A. KDIGO clinical practice guidelines for acute kidney injury. Nephron
Clin Pract. (2012) 120:c179-84. doi: 10.1159/000339789

7. Rabb, H, Griffin, MD, McKay, DB, Swaminathan, S, Pickkers, P, Rosner, MH, et al.
Inflammation in AKI: current understanding, key questions, and knowledge gaps. J
Am Soc Nephrol. (2016) 27:371-9. doi: 10.1681/asn.2015030261

8. Li, N, Zhou, H, and Tang, Q. Red blood cell distribution width: a novel predictive
indicator for cardiovascular and cerebrovascular diseases. Dis Markers. (2017)
2017:7089493-23. doi: 10.1155/2017/7089493

9. Salvagno, GL, Sanchis-Gomar, F, Picanza, A, and Lippi, G. Red blood cell
distribution width: a simple parameter with multiple clinical applications. Crit Rev Clin
Lab Sci. (2015) 52:86-105. doi: 10.3109/10408363.2014.992064

10. Lippi, G, Targher, G, Montagnana, M, Salvagno, GL, Zoppini, G, and Guidi, GC.
Relation between red blood cell distribution width and inflammatory biomarkers in a
large cohort of unselected outpatients. Arch Pathol Lab Med. (2009) 133:628-32. doi:
10.5858/133.4.628

11. Wang, B, Lu, H, Gong, Y, Ying, B, and Cheng, B. The association between red blood
cell distribution width and mortality in critically ill patients with acute kidney injury.
Biomed Res Int. (2018) 2018:9658216-7. doi: 10.1155/2018/9658216

12.Jia, L, Cui, S, Yang, J, Jia, Q, Hao, L, Jia, R, et al. Red blood cell distribution width
predicts long-term mortality in critically ill patients with acute kidney injury: a
retrospective database study. Sci Rep. (2020) 10:4563. doi: 10.1038/5s41598-020-61516-y

13.Zhu, ], Zeng, C, Zhang, L, Shu, S, Liu, Y, Chen, G, et al. Red blood cell distribution
width and neutrophil-to-lymphocyte ratio in predicting adverse outcomes of acute
kidney injury in hospitalized patients. Kidney Dis (Basel). (2020) 6:371-81. doi:
10.1159/000507859

14. W, J, Huang, L, He, H, Zhao, Y, Niu, D, and Lyu, J. Red cell distribution width to
platelet ratio is associated with increasing in-hospital mortality in critically ill patients
with acute kidney injury. Dis Markers. (2022) 2022:4802702-9. doi:
10.1155/2022/4802702

15. Che, R, Huang, X, Zhao, W, Jiang, F, Wu, L, Zhang, Z, et al. Low serum albumin
level as a predictor of hemorrhage transformation after intravenous thrombolysis in
ischemic stroke patients. Sci Rep. (2017) 7:7776. doi: 10.1038/s41598-017-06802-y

16. Artigas, A, Wernerman, J, Arroyo, V, Vincent, JL, and Levy, M. Role of albumin in
diseases associated with severe systemic inflammation: pathophysiologic and clinical
evidence in sepsis and in decompensated cirrhosis. J Crit Care. (2016) 33:62-70. doi:
10.1016/j.jcrc.2015.12.019

17.Kim, K, Bang, JY, Kim, SO, Kim, S, Kim, JU, and Song, JG. Association of
preoperative hypoalbuminemia with postoperative acute kidney injury in patients
undergoing brain tumor surgery: a retrospective study. ] Neurosurg. (2018) 128:1115-22.
doi: 10.3171/2016.11.Jns162237

18. Song, H, Wei, C, Hu, H, and Wan, Q. Association of the serum albumin level with
prognosis in chronic kidney disease patients. Int Urol Nephrol. (2022) 54:2421-31. doi:
10.1007/s11255-022-03140-5

19. Zhao, N, Hu, W, Wu, Z, Wu, X, Li, W, Wang, Y, et al. The red blood cell distribution
width-albumin ratio: a promising predictor of mortality in stroke patients. Int ] Gen
Med. (2021) 14:3737-47. doi: 10.2147/ijgm.S322441

20. Yoo, JW, Ju, S, Lee, SJ, Cho, YJ, Lee, JD, and Kim, HC. Red cell distribution width/
albumin ratio is associated with 60-day mortality in patients with acute respiratory
distress  syndrome.  Infect  Dis  (Lond).  (2020)  52:266-70.  doi:
10.1080/23744235.2020.1717599

21.Jeong, JH, Heo, M, Lee, 5], Jeong, YY, Lee, JD, and Yoo, JW. Clinical usefulness of
red cell distribution width/albumin ratio to discriminate 28-day mortality in critically
ill patients with pneumonia receiving invasive mechanical ventilation, compared with
Lacate/albumin ratio: a retrospective cohort study. Diagnostics (Basel). (2021) 11:2344.
doi: 10.3390/diagnostics11122344

22.Johnson, AE, Pollard, TJ, Shen, L, Lehman, LW, Feng, M, Ghassemi, M, et al.
MIMIC-III, a freely accessible critical care database. Sci Data. (2016) 3:160035. doi:
10.1038/sdata.2016.35

23. Kellum, JA, and Lameire, N. Diagnosis, evaluation, and management of acute
kidney injury: a KDIGO summary (part 1). Crit Care. (2013) 17:204. doi: 10.1186/
ccl1454

24. Levey, AS, Stevens, LA, Schmid, CH, Zhang, YL, Castro, AF, Feldman, HI, et al. A
new equation to estimate glomerular filtration rate. Ann Intern Med. (2009) 150:604-12.
doi: 10.7326/0003-4819-150-9-200905050-00006

25. Wang, Z, Chong, W, Zhang, H, Liu, X, Zhao, Y, Guo, Z, et al. Breast cancer patients
with positive apical or Infraclavicular/ipsilateral supraclavicular lymph nodes should
be excluded in the application of the lymph node ratio system. Front Cell Dev Biol.
(2022) 10:784920. doi: 10.3389/fcell.2022.784920

26. Chen, C, Yang, H, Cai, D, Xiang, L, Fang, W, and Wang, R. Preoperative peripheral
blood neutrophil-to-lymphocyte ratios (NLR) and platelet-to-lymphocyte ratio (PLR)

Frontiers in Medicine

11

10.3389/fmed.2023.1047933

related nomograms predict the survival of patients with limited-stage small-cell lung
cancer. Transl Lung Cancer Res. (2021) 10:866-77. doi: 10.21037/tlcr-20-997

27. Camp, RL, Dolled-Filhart, M, and Rimm, DL. X-tile: a new bio-informatics tool
for biomarker assessment and outcome-based cut-point optimization. Clin Cancer Res.
(2004) 10:7252-9. doi: 10.1158/1078-0432.CCR-04-0713

28. Lambden, S, Laterre, PE, Levy, MM, and Francois, B. The SOFA score-development,
utility and challenges of accurate assessment in clinical trials. Crit Care. (2019) 23:374.
doi: 10.1186/s13054-019-2663-7

29. Czorlich, P, Sauvigny, T, Ricklefs, F, Kluge, S, Vettorazzi, E, Regelsberger, J, et al.
The simplified acute physiology score II to predict hospital mortality in aneurysmal
subarachnoid hemorrhage. Acta Neurochir. (2015) 157:2051-9. doi: 10.1007/
s00701-015-2605-3

30. Baer, PC, Koch, B, and Geiger, H. Kidney inflammation, injury and regeneration
2020. Int ] Mol Sci. (2021) 22:5589. doi: 10.3390/ijms22115589

31.Xia, W, Li, Y, Wu, M, Jin, Q, Wang, Q, Li, S, et al. Gasdermin E deficiency attenuates
acute kidney injury by inhibiting pyroptosis and inflammation. Cell Death Dis. (2021)
12:139. doi: 10.1038/s41419-021-03431-2

32.Ren, Q, Liu, H, Wang, Y, Dai, D, Tian, Z, Jiao, G, et al. The role of red blood cell
distribution width in the severity and prognosis of community-acquired pneumonia.
Can Respir J. (2021) 2021:8024024-9. doi: 10.1155/2021/8024024

33. Hu, ZD, Lippi, G, and Montagnana, M. Diagnostic and prognostic value of red
blood cell distribution width in sepsis: a narrative review. Clin Biochem. (2020) 77:1-6.
doi: 10.1016/j.clinbiochem.2020.01.001

34. Wang, B, Gong, Y, Ying, B, and Cheng, B. Relation between red cell distribution
width and mortality in critically ill patients with acute respiratory distress syndrome.
Biomed Res Int. (2019) 2019:1942078-8. doi: 10.1155/2019/1942078

35. von Meijenfeldt, GCI, van der Laan, M]J, Zeebregts, C, and Christopher, KB. Red
cell distribution width at hospital discharge and out-of hospital outcomes in critically ill
non-cardiac vascular surgery patients. PLoS One. (2018) 13:¢0199654. doi: 10.1371/
journal.pone.0199654

36. Wang, B, Aihemaiti, G, Cheng, B, and Li, X. Red blood cell distribution width is
associated with all-cause mortality in critically ill patients with cardiogenic shock. Med
Sci Monit. (2019) 25:7005-15. doi: 10.12659/msm.917436

37.Han, YQ, Zhang, L, Yan, L, Li, P, Ouyang, PH, Lippi, G, et al. Red blood cell
distribution width predicts long-term outcomes in sepsis patients admitted to the
intensive care unit. Clin Chim Acta. (2018) 487:112-6. doi: 10.1016/j.cca.2018.09.019

38. Bateman, RM, Sharpe, MD, Singer, M, and Ellis, CG. The effect of sepsis on the
erythrocyte. Int ] Mol Sci. (2017) 18:1932. doi: 10.3390/ijms18091932

39. Friedman, JS, Lopez, MF, Fleming, MD, Rivera, A, Martin, FM, Welsh, ML, et al.
SOD2-deficiency anemia: protein oxidation and altered protein expression reveal targets
of damage, stress response, and antioxidant responsiveness. Blood. (2004) 104:2565-73.
doi: 10.1182/blood-2003-11-3858

40. Soeters, PB, Wolfe, RR, and Shenkin, A. Hypoalbuminemia: pathogenesis and
clinical significance. JPEN ] Parenter Enteral Nutr. (2019) 43:181-93. doi: 10.1002/
jpen.1451

41. Shao, M, Wang, S, and Parameswaran, PK. Hypoalbuminemia: a risk factor for
acute kidney injury development and progression to chronic kidney disease in critically
ill patients. Int Urol Nephrol. (2017) 49:295-302. doi: 10.1007/s11255-016-1453-2

42. Padkins, M, Breen, T, Van Diepen, S, Barsness, G, Kashani, K, and Jentzer, JC.
Incidence and outcomes of acute kidney injury stratified by cardiogenic shock severity.
Catheter Cardiovasc Interv. (2021) 98:330-40. doi: 10.1002/ccd.29692

43. Cho, S, Kang, E, Kim, JE, Kang, U, Kang, HG, Park, M, et al. Clinical significance
of acute kidney injury in lung cancer patients. Cancer Res Treat. (2021) 53:1015-23. doi:
10.4143/crt.2020.1010

44. Deniz, M, Ozgun, P, and Ozdemir, E. Relationships between RDW, NLR, CAR,
and APACHE II scores in the context of predicting the prognosis and mortality in ICU
patients. Eur Rev Med Pharmacol Sci. (2022) 26:4258-67. doi: 10.26355/
eurrev_202206_29063

45. Tang, J, Wang, L, Luo, ], Xi, D, Huang, W, Yang, S, et al. Early albumin level and
mortality in hemodialysis patients: a retrospective study. Ann Palliat Med. (2021)
10:10697-705. doi: 10.21037/apm-21-2611

46. Gupta, T, Puskarich, MA, DeVos, E, Javed, A, Smotherman, C, Sterling, SA, et al.
Sequential organ failure assessment component score prediction of in-hospital mortality
from sepsis. J Intensive Care Med. (2020) 35:810-7. doi: 10.1177/0885066618795400

47. Costa, ESPP, Codes, L, Rios, FF, Esteve, CP, Valverde Filho, MT, Lima, DOC, et al.
Comparison of general and liver-specific prognostic scores in their ability to predict
mortality in cirrhotic patients admitted to the intensive care unit. Can J Gastroenterol
Hepatol. (2021) 2021:9953106-13. doi: 10.1155/2021/9953106

48. Kim, HS, Park, KH, Ha, SO, Lee, SH, Choi, HM, Kim, SA, et al. Predictors of
survival following veno-arterial extracorporeal membrane oxygenation in patients with
acute myocardial infarction-related refractory cardiogenic shock: clinical and coronary
angiographic factors. J Thorac Dis. (2020) 12:2507-16. doi: 10.21037/jtd.2020.03.51

49.Lin, Y, Liu, E, Gong, S, Liao, B, Liu, H, Yuan, J, et al. Validity of SOFA score as a
prognostic tool for critically ill elderly patients with acute infective endocarditis. Rev
Cardiovasc Med. (2021) 22:967-73. doi: 10.31083/j.rcm2203105

frontiersin.org


https://doi.org/10.3389/fmed.2023.1047933
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1164/rccm.201505-0995OC
https://doi.org/10.1164/rccm.201505-0995OC
https://doi.org/10.1001/jama.294.7.813
https://doi.org/10.1159/000339789
https://doi.org/10.1681/asn.2015030261
https://doi.org/10.1155/2017/7089493
https://doi.org/10.3109/10408363.2014.992064
https://doi.org/10.5858/133.4.628
https://doi.org/10.1155/2018/9658216
https://doi.org/10.1038/s41598-020-61516-y
https://doi.org/10.1159/000507859
https://doi.org/10.1155/2022/4802702
https://doi.org/10.1038/s41598-017-06802-y
https://doi.org/10.1016/j.jcrc.2015.12.019
https://doi.org/10.3171/2016.11.Jns162237
https://doi.org/10.1007/s11255-022-03140-5
https://doi.org/10.2147/ijgm.S322441
https://doi.org/10.1080/23744235.2020.1717599
https://doi.org/10.3390/diagnostics11122344
https://doi.org/10.1038/sdata.2016.35
https://doi.org/10.1186/cc11454
https://doi.org/10.1186/cc11454
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.3389/fcell.2022.784920
https://doi.org/10.21037/tlcr-20-997
https://doi.org/10.1158/1078-0432.CCR-04-0713
https://doi.org/10.1186/s13054-019-2663-7
https://doi.org/10.1007/s00701-015-2605-3
https://doi.org/10.1007/s00701-015-2605-3
https://doi.org/10.3390/ijms22115589
https://doi.org/10.1038/s41419-021-03431-2
https://doi.org/10.1155/2021/8024024
https://doi.org/10.1016/j.clinbiochem.2020.01.001
https://doi.org/10.1155/2019/1942078
https://doi.org/10.1371/journal.pone.0199654
https://doi.org/10.1371/journal.pone.0199654
https://doi.org/10.12659/msm.917436
https://doi.org/10.1016/j.cca.2018.09.019
https://doi.org/10.3390/ijms18091932
https://doi.org/10.1182/blood-2003-11-3858
https://doi.org/10.1002/jpen.1451
https://doi.org/10.1002/jpen.1451
https://doi.org/10.1007/s11255-016-1453-2
https://doi.org/10.1002/ccd.29692
https://doi.org/10.4143/crt.2020.1010
https://doi.org/10.26355/eurrev_202206_29063
https://doi.org/10.26355/eurrev_202206_29063
https://doi.org/10.21037/apm-21-2611
https://doi.org/10.1177/0885066618795400
https://doi.org/10.1155/2021/9953106
https://doi.org/10.21037/jtd.2020.03.51
https://doi.org/10.31083/j.rcm2203105

Gao and Peng

50. Allyn, J, Ferdynus, C, Bohrer, M, Dalban, C, Valance, D, and Allou, N.
Simplified acute physiology score II as predictor of mortality in intensive care units:
a decision curve analysis. PLoS One. (2016) 11:¢0164828. doi: 10.1371/journal.
pone.0164828

51. Granholm, A, Moller, MH, Krag, M, Perner, A, and Hjortrup, PB. Predictive
performance of the simplified acute physiology score (SAPS) II and the initial sequential
organ failure assessment (SOFA) score in acutely ill intensive care patients: post-hoc
analyses of the SUP-ICU inception cohort study. PLoS One. (2016) 11:¢0168948. doi:
10.1371/journal.pone.0168948

52. Chang, CH, Fan, PC, Chang, MY, Tian, YC, Hung, CC, Fang, JT, et al. Acute
kidney injury enhances outcome prediction ability of sequential organ failure assessment

Frontiers in Medicine 12

10.3389/fmed.2023.1047933

score in critically ill patients. PLoS One. (2014) 9:e109649. doi: 10.1371/journal.
pone.0109649

53. Wang, N, Wang, M, Jiang, L, Du, B, Zhu, B, and Xi, X. The predictive value of the
Oxford acute severity of illness score for clinical outcomes in patients with acute kidney
injury. Ren Fail. (2022) 44:320-8. doi: 10.1080/0886022x.2022.2027247

54. Romagnoli, S, Clark, WR, Ricci, Z, and Ronco, C. Renal replacement therapy for
AKI: when? How much? When to stop? Best Pract Res Clin Anaesthesiol. (2017)
31:371-85. doi: 10.1016/j.bpa.2017.10.001

55. Alvarez, G, Chrusch, C, Hulme, T, and Posadas-Calleja, JG. Renal replacement therapy:
a practical update. Can ] Anaesth. (2019) 66:593-604. doi: 10.1007/s12630-019-01306-x

frontiersin.org


https://doi.org/10.3389/fmed.2023.1047933
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1371/journal.pone.0164828
https://doi.org/10.1371/journal.pone.0164828
https://doi.org/10.1371/journal.pone.0168948
https://doi.org/10.1371/journal.pone.0109649
https://doi.org/10.1371/journal.pone.0109649
https://doi.org/10.1080/0886022x.2022.2027247
https://doi.org/10.1016/j.bpa.2017.10.001
https://doi.org/10.1007/s12630-019-01306-x

	Association and prediction of red blood cell distribution width to albumin ratio in all-cause mortality of acute kidney injury in critically ill patients
	Introduction
	Methods
	Study design and data source
	Participants
	Data extraction
	Cutoff values of RDW/ALB
	Statistical analysis

	Results
	Selection and characteristics of included patients
	Association between RDW/ALB and indexes of The severity of patients’ conditions and kidney dysfunction and All-cause mortality of AKI
	Predictive value of RDW/ALB in the all-cause mortality of AKI patients
	Subgroup analysis for the association between RDW/ALB and all-cause mortality based on AKI stage and sepsis
	Association and predictive value of RDW/ALB for the risk of RRT In AKI patients

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material

	﻿References

