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Abstract

Background: Acute kidney injury (AKI) is a common clinical
condition with high morbidity and mortality. Early risk strat-
ification by identifying patients at risk for death or dialysis
requirement has important therapeutic implications for
timely interventions. Objective: The aim of this study was to
examine the association of routine blood test parameters,
specifically red blood cell distribution width (RDW) and neu-
trophil-to-lymphocyte ratio (NLR), with the AKI patient out-
comes. Methods: All adult patients hospitalized from Janu-
ary 1,2016, to June 30, 2016, in the Second Xiangya Hospital
of Central South University were surveyed. Demographic
characteristics, laboratory measurements, comorbidities,
and outcomes of a total of 1,188 adult AKI patients were an-
alyzed.Results:Theincidence of AKIwas 1.8%(1,188/65,329).
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The all-cause mortality was 16.0% (190/1,188). The multivari-
able relative risk of AKI mortality comparing high RDW with
low RDW was 1.84 and the risk comparing high NLR with low
NLR was 2.54. RDW and NLR combination showed additive
values in stratifying high-risk patients, and the predictive
power was comparable to the use of serum creatinine for
staging AKI. In subgroup analyses, high RDW predicted pre-
renal AKI mortality better than intrinsic AKI. High RDW and
NLR also independently predicted renal replacement thera-
py (RRT) requirement in AKI patients. In contrast, WBC count
and platelet-to-lymphocyte ratio did not show obvious cor-
relations with death and RRT requirement in AKI patients.
Conclusion: The results support the potential usefulness of
RDW and NLR in risk stratification of AKI patients, providing
additional prognostic information for treatment and sup-

portive care. © 2020 The Author(s)
Published by S. Karger AG, Basel
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Introduction

Acute kidney injury (AKI) is common in hospitalized
patients and affects 2-8% of all hospital admissions [1-
3]. Despite recent decades of research, AKI still results in
high morbidity and mortality [4]. Early risk stratification
has important implications in making timely interven-
tion and determining the prognosis. Unfortunately, it is
a clinical challenge to predict which patients will suffer
AKI progression needing dialysis or proceeding to death.
At present, novel serum and urinary kidney injury bio-
markers, such as neutrophil gelatinase-associated lipo-
calin [5], angiotensinogen [6], and liver-type fatty acid-
binding protein [7], have been proved to correlate to AKI
progression and death. However, due to the heteroge-
neous and multifactorial nature of AKI, it seems unlike-
ly a biomarker alone could achieve the accuracy like tro-
ponin in diagnosing acute myocardial infarction [8]. In
addition, despite the promising potential of these bio-
markers, their application is largely confined to research
studies and difficult for widespread clinical use at pres-
ent.

Inflammation and immune response are central com-
ponents of the pathogenesis of AKI. Inflammation-asso-
ciated parameters, like WBC count, red blood cell distri-
bution width (RDW), neutrophil-to-lymphocyte ratio
(NLR), and platelet-to-lymphocyte ratio (PLR), are rou-
tinely reported in complete blood cell count and available
for most patients. Their implications in clinical outcome
prediction have been explored in various diseases. RDW
is a measurement of the change in circulating RBC vol-
ume and traditionally used for differentiating causes of
anemia. Increased RDW, expressing greater heterogene-
ity in circulating erythrocytes size (anisocytosis), has
been reported to strongly associate with the adverse out-
comes in patients with chronic heart diseases [9]. NLR, a
marker of host inflammation calculated by dividing the
counts of neutrophils by lymphocytes, may have the po-
tential to predict survival in a variety of human cancers
[10]. Although RDW has been reported to correlate with
declining renal function and adverse outcomes in pa-
tients with chronic kidney disease [11, 12] and AKI pa-
tients [13, 14], no studies have systematically investigated
the predictive ability of routine blood test parameters in
AKIT patients. Therefore, our study examined the possible
correlation of blood cell changes and the outcomes of in-
hospital AKI patients, in order to determine the prognos-
tic value of blood cell parameters for early risk stratifica-
tion in AKI patients.
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Materials and Methods

Patient Cohort

The study cohort screened all patients aged 16-99 years admit-
ted in the Second Xiangya Hospital of Central South University, a
regional tertiary hospital in southern China, between January 1,
2016, and June 30, 2016. A total of 65, 329 admissions with hospi-
talization for >24 h were investigated. AKI patients were identified
according to the Kidney Disease: Improving Global Outcomes
guidelines in 2012 except urine output criteria for lack of the re-
cords of the urine volume in most hospitalized patients. Patients
who had maintenance renal replacement therapy (RRT), ESRD,
nephrectomy, solitary kidney, kidney transplantation, or baseline
serum Cr (SCr) levels less than 40 pmol/L were excluded. Twenty
AKI patients with hematological malignancy were excluded due to
their abnormalities in blood cells.

Data Collection

Demographic data, clinical concomitant diseases (determined
by the diagnosis codes at admission and discharge), and biochem-
ical data were all collected from electronic hospitalization data-
bases. Parameters in a routine blood test were collected at admis-
sion. AKI was defined as an increase in SCr of more than 26.5
pumol/L within 48 h or a confirmed/speculated increase of SCr of
1.5-fold over baseline with 7 days. The AKI stage was determined
by the highest SCr level after AKI development according to Kid-
ney Disease: Improving Global Outcomes guidelines except urine
output criteria; stage 1, increase of >26.5 pmol/L within 48 h or
increase of SCr to >1.5 times baseline, which was known or pre-
sumed to have occurred within 7 days; stage 2, increase of SCr to
2.0-2.9 times from baseline; stage 3, increase of SCr to 3.0 times
from baseline or to >353.6 pmol/L, or RRT requirement. AKI eti-
ology, classification, and stage were diagnosed by 2 nephrologists.
NLR was calculated as the ratio of neutrophil number divided by
lymphocyte number and PLR was the ratio of platelet count di-
vided by lymphocyte count. CKD was determined based on the
diagnostic coding, history of renal injury more than 3 months pri-
or to admission, or an estimated glomerular filtration rate <60 mL/
min/1.73 m? for more than 3 months. The outcome of AKI patients
was determined according to hospital records and follow-ups. For
the patients discharged alive or not on dialysis, we followed up by
reviewing medical records or telephone assessment to the subject
or family members at 1 and 2 months after enrollment.

Statistical Analysis

We used SPSS 22.0 software for statistical analysis. A p value
<0.05 was regarded statistically significant. The non-normal dis-
tribution variables were presented as median (interquartile range),
the normal distribution data were expressed as the mean + SD for
continuous variables, and the categorical variables were presented
as n (%), as appropriate. The comparison between groups was
measured by ¢ test for continuous variables in normal distribution,
the Kruskal-Wallis test for variables in non-normal distribution,
and the y? test for categorical variables. We conducted univariate
and multivariate logistic regression analysis to determine the risk
factors for clinical outcomes. For multivariate analysis, we adjust-
ed age, gender, heart disease, hypertension, cerebrovascular dis-
ease, CKD, chronic obstructive pulmonary disease, chronic liver
disease, diabetes, cancer, hemoglobin, hematocrit, serum albumin,
total bilirubin, and serum uric acid with or without AKI classifica-
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65,329 admissions between
January 1st to June 30th in 2016

Y

11,831 with at least 2 times
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Y

1,876 cases of possible AKI
according to KIDGO criteria

Exclusion: patients who had maintenance
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A 4 transplantation or a baseline serum

renal replacement therapy, CKD stage 5,
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creatinine levels less than 40 pmol/L

v according to study design

Exclusion: hematological malignancy

1,168 remained AKI cases

A
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Data collection: demographic data,
biochemical data, concomitant diseases,
AKI stage, AKI etiology, needing for RRT

and mortality within 60 days after

the diagnosis

Fig. 1. Flowchart of the study cohort selec-

tion. SCr, serum creatinine; AKI, acute kid-
ney injury; KDIGO, Kidney Disease: Im-

Statistical analysis

proving Global Outcomes; RRT, renal re-

placement therapy.

tion. The results were presented as the odds ratio (OR) and its 95%
confidence interval (CI). The receiver operating characteristic
(ROC) curve was used to evaluate the predictive value of individ-
ual biomarker to the 60-day mortality and determine the cutoff
value of RDW and NLR to predict AKI death.

Results

Baseline Characteristics of AKI Patients

Ofthe 65,329 hospital admissions in the study between
January 1 and June 30 in 2016, 11,831 admissions had at
least 2 repeated SCr tests, which identified 1,188 patients
with AKI, indicating an incidence rate of 1.8%. The all-
cause 60-day mortality in AKI patients was 16.0%
(190/1,188). A total of 1,168 AKI patients were further
analyzed following the exclusion of 20 patients with he-
matological malignancy due to their remarkable abnor-
malities in blood cells (Fig. 1); 184 patients (15.4%) died
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within 60 days after AKI diagnosis. The baseline charac-
teristics of AKI patients are shown in Table 1. Patients in
AKI stage 1, stage 2, or stage 3 accounted for 63.3, 20.5,
and 16.2%, respectively. Prerenal and intrinsic-renal in-
sults were the predominant causes of AKI with their pro-
portions being 55.3 and 36.3%, respectively. Compared
with survivors, the non-survivors tended to be older and
had increased prevalence of cerebrovascular disease, dia-
betes, and heart disease. The non-survivors had remark-
ably higher rates for requiring the therapy for RRT. No-
tably, the 2 groups of patients had no statistical differ-
ences in the prevalence of CKD and hypertension or the
value of WBC and serum uric acid.

Comparison of Characteristics according to

RDW/NLR Binaries

The characteristics of patients divided according to
RDW and NLR binaries are presented in Table 2. The op-
timal RDW cutoff value as 13.95% and NLR cutoff value
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Table 1. Patients’ characteristics

Variable ALL Survivors Non-survivors p value
(n=1,168) (n=984) (n=184)
Age, years 58 (47, 67) 56 (46, 66) 64 (50, 75) 0.000
Male 766 (65.6%) 648 (65.9%) 118 (64.1%) 0.673
Underlying disease
Cerebrovascular disease 130 (11.1%) 93 (9.5%) 37 (20.1%) 0.000
Diabetes 184 (15.8%) 139 (14.1%) 45 (24.5%) 0.000
Hypertension 422 (36.1%) 349 (35.5%) 73 (39.7%) 0.278
Heart disease 405 (34.7%) 324 (32.9%) 81 (44.0%) 0.000
Cancer 245 (20.9%) 205 (20.8%) 40 (21.7%) 0.768
Chronic liver disease 142 (12.2%) 111 (11.3%) 31 (16.8%) 0.037
CKD 466 (39.9%) 396 (40.2%) 70 (38%) 0.623
COPD 49 (4.2%) 35 (3.6%) 14 (7.6%) 0.025
AKI stage
1 739 (63.3%) 663 (67.4%) 76 (41.3%) 0.000
2 240 (20.5%) 189 (19.2%) 51 (27.7%)
3 189 (16.2%) 132 (13.4%) 57 (31.0%)
Cause of AKI
Prerenal 646 (55.3%) 539 (54.8%) 107 (58.2%) 0.000
Intrinsic-renal 425 (36.3%) 349 (35.5%) 76 (41.3%)
Post-renal 50 (4.28%) 49 (5.0%) 1 (0.5%)
Unclassified 47 (4.02%) 47 (4.8%) 0
RRT requirement 99 (8.5%) 49 (5.0%) 50 (27.2%) 0.000
Laboratory index
WBC (10%/L) 7.5 (5.6, 11.2) 7.4 (5.6,10.7) 76(5.0,12.6)  0.105

Platelet counts (10%/L)
Albumin, g/L

Total bilirubin, umol/L
Serum uric acid, pmol/L
Hemoglobin, g/L

RDW, %

Hematocrit, %

179.0 (123.0, 238.0)
33.0 (28.5, 37.5)
11.8 (7.6, 21.8)

348.7 (257.8, 452.8)

116.0 (97.0, 133.0)
13.7 (12.9, 15.2)
35.4(29.7, 40.1)

PLR 146.0 (99.2, 224.6)

NLR 4.7 (2.5,9.3)

183.0 (128.0, 242.7)
33.5 (29, 37.9)
11.6 (7.5, 20.9)

348.9 (260.9, 445.7)

118.0 (99.0, 135.0)
13.6 (12.8, 14.9)
35.9 (30.7, 40.4)

142.4 (100.0, 218.6)

4.4(2.3,8.6)

163.5 (100.0, 219.0) 0.000
30.3 (26.9,35.4)  0.000
13.0 (8.6,282)  0.025
327 (225.2,490.5) 0.401

108.5 (89.8,127.0)  0.000
14.7 (13.6,16.5)  0.000
33.3(27.3,38.4)  0.000

173.6 (92.0,256.6)  0.045

6.8(3.7,132)  0.000

AKT, acute kidney injury; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; RRT,
renal replacement therapy; RDW, red blood cell distribution width; NLR, neutrophil-to-lymphocyte ratio; PLR,

platelet-to-lymphocyte ratio.

as 5.51 were based on the ROC curve analysis for AKI
death (Table 5). Notably, the patients with high level of
RDW or NLR were generally older and had higher preva-
lence of chronic obstructive pulmonary disease, higher
AKIT stage, and higher mortality and RRT requirement
rates than the patients with low level of RDW or NLR. The
prevalence of chronic liver disease and heart disease in-
creased with high level of RDW. Patients with high level
of NLR showed a higher rate of cerebrovascular disease
and hypertension, but a lower rate of cancer, compared
with patients in low NLR.
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Prognostic Significance in All-Cause AKI Mortality

The level of RDW or NLR was associated with mortal-
ity in AKI patients (Table 3). The risk of death in AKI
patients with high RDW or NLR was 1.84 (95% CI, 1.20-
2.81) and 2.54 (95% CI, 1.74-3.72), respectively, com-
pared to the patients with low RDW or NLR. As RDW or
NLR alone was an independent risk predictive factor of
mortality in AKI patients and did not correlate with each
other (r = 0.04, p > 0.05) (Table 7), we hypothesized that
the combination of RDW and NLR may have extra prog-
nostic values. We further categorized patients into 3
groups as (1) RDW-low and NLR-low, (2) RDW-high or
NLR-high, and (3) RDW-high and NLR-high. This sim-
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Table 2. Epidemiological and clinical characteristics of AKI patients according to RDW and NLR

Factor RDW NLR
RDW <13.95 RDW >13.95 p value NLR <5.51 NLR >5.51 p value
n =640 n=>528 n =649 n=>519
Age, years 56 (45, 65) 59 (48, 70) 0.000 56 (47, 66) 59 (46, 99) 0.000
Male 424 (66.3%) 342 (64.8%) 0.320 404 (62.2%) 362 (69.7%) 0.008
Underlying diseases
Cerebrovascular disease 73 (11.4%) 57 (10.8%) 0.407 53 (8.2%) 77 (14.8%) 0.000
Diabetes 95 (14.8%) 89 (15.9%) 0.375 103 (15.9%) 81 (15.6%) 0.936
Hypertension 245 (38.3%) 177 (33.5%) 0.099 215 (33.1%) 207 (39.9%) 0.020
Heart disease 203 (31.7%) 202 (38.3%) 0.022 235 (36.2%) 170 (32.8%) 0.240
Cancer 123 (19.2%) 122 (23.1%) 0.112 158 (24.3%) 87 (16.8%) 0.002
Chronic liver disease 35 (5.5%) 107 (20.3%) 0.000 87 (13.4%) 55 (10.6%) 0.150
CKD 259 (40.5%) 207 (39.2%) 0.675 249 (38.4%) 217 (41.8%) 0.253
COPD 16 (2.5%) 33 (6.3%) 0.001 15 (2.3%) 34 (6.6%) 0.000
AKI stage 640 528 0.029 649 519 0.000
1 425 (66.4%) 314 (59.5%) 445 (68.6%) 294 (56.6%)
2 115 (18.0%) 125 (23.7%) 120 (18.5%) 120 (23.1%)
3 100 (15.5%) 89 (16.9%%) 84 (12.9%) 105 (20.2%)
AKI classification 640 528 0.010 649 519 0.115
1 357 (55.8%) 289 (54.7%) 372 (57.3%) 274 (52.8%)
2 218 (34.1%) 207 (39.2%) 221 (34.0%) 204 (39.3%)
3 38 (5.9%) 12 (2.3%) 25 (3.9%) 25 (4.8%)
Unclassified 27 (4.2%) 20 (3.8%) 31 (4.8%) 16 (3.1%)
RRT requirement 38 (5.9%) 61 (11.6%) 0.000 39 (6.0%) 60 (11.6%) 0.000
Mortality 66 (10.3%) 118 (22.3%) 0.000 64 (9.9%) 120 (23.1%) 0.000
Laboratory index
WBC, x10°/L 7.5 (5.8, 11.0) 7.2 (4.9, 10.7) 0.000 6.2 (4.8,7.7) 10.5 (7.6, 14.6) 0.004
Platelet count, x10°/L 193.0 (149.0, 244.8)  154.5 (93.0, 224.0) 0.000 186.0 (135.0,238.3) 170.0 (112.0,241.0) 0.000
Albumin, g/L 35.0 (30.1, 38.5) 31.4(27.2,35.5) 0.000 34.9(30.7, 38.5) 30.7 (27.2, 35.4) 0.000
Total bilirubin, umol/L 11.3 (7.5, 16.8) 14.0 (8.0, 44.6) 0.795 10.9 (7.5, 18.7) 13.5(8.1,26.4) 0.113
Serum uric acid, pmol/L 343.2 (264.9,436.3) 338.9 (251.0,449.8) 0.000 355.4 (267.5,443.9) 329.5(233.8,464.9) 0.001
Hemoglobin, g/L 126.0 (112.0, 138.0)  102.0 (83.0, 120.0) 0.000 120.0 (100.0, 135.0)  113.0(93.3,132.0) 0.000
RDW, % 12.9 (12.5,13.4) 15.4 (14.6,17.2) 0.000 13.6 (12.7,13.2) 14.0 (13.1, 15.4) 0.000
Hematocrit, % 38.1(34.0,41.8) 31.4 (25.6, 36.6) 0.744 36.6 (30.9, 41.1) 34.1(29.7, 38.9) 0.000
PLR 147.5(102.8,207.2)  146.7 (87.6,262.9)  0.001 119.8 (87.4, 169.7) 210.3 (133.4,312.4) 0.000
NLR 42(22,89) 5.1(3.0,9.5) 0.000 2.7 (1.8,3.9) 10.1 (7.1, 14.6) 0.000

AKTI, acute kidney injury; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; RRT, renal replacement therapy; RDW, red blood
cell distribution width; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.

ple and effective way succeeded in stratifying patients
into low-, intermediate (OR, 3.04; 95% CI, 1.76-5.25)-,
and high-risk (OR, 5.61; 95% CI, 3.11-10.12) groups. No-
tably, the predicting power of RDW and NLR for AKI
mortality was comparable to the use of SCr-based AKI
staging (AKI stage 2: OR, 1.97; stage 3: OR, 5.23). A non-
linear relationship between WBC and PLR with all-cause
mortality was observed in AKI patients. Therefore, we
categorized patients into 3 groups according to WBC and
PLR values. The group with the highest tertile of WBC
counts had greater mortality risks (OR, 1.84; 95% CI,
1.17-2.91) than that of intermediate WBC counts after
adjustment. Similar to the effects of WBC, the lowest AKI

Blood Cell Parameters in Acute Kidney
Injury

mortality was seen in the patients with the mid-portion
of PLR range (Table 3).

Prognostic Significance in Prerenal and

Intrinsic-Renal Mortality

There was a strong correlation between NLR and mor-
tality risk in both prerenal AKI and intrinsic-renal AKI
patients (Table 4). Compared to patients in the low NLR
group, patients in the high NLR group suffered 2.55 and
2.78-fold mortality risk in prerenal AKI and intrinsic-re-
nal AKI, respectively (Table 4). However, high RDW
functioned as a stronger predictor of prerenal AKI deaths
than intrinsic AKI deaths. For intrinsic-renal AKI pa-
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Table 3. Univariate and multivariate logistic regression analysis of inflammatory indicators and AKI stage to

predict AKI mortality
Variable Unadjusted Adjusted
OR (95% CI) p value OR (95% CI) p value

RDW

Low (<13.95%) 1 (reference) 1 (reference)

High (213.95%) 2.50 (2.22-5.07)  0.000 1.84 (1.20-2.81) 0.005
NLR

Low (<5.51) 1 (reference) 1 (reference)

High (25.51) 2.75 (2.100-5.194)  0.000 2.54 (1.74-3.72) 0.000
WBC

Low (<6.26x10°/L) 1.20 (0.80-1.78)  0.010 1.37 (0.88-2.15) 0.163

Intermediate (6.26-9.78x10%/L) 1 (reference) 1 (reference)

High (>9.78><109/L) 1.62 (1.10-2.39) 0.015 1.84 (1.17-2.91) 0.009
PLR

Low (<112) 1.27 (0.84-1.92) 0.252 1.25(0.78-1.99) 0.350

Intermediate (112-195) 1 (reference) 1 (reference)

High (>195) 1.84 (1.25-2.71) 0.002 1.73 (1.12-2.66) 0.002
Combined RDW + NLR

RDW-low + NLR-low 1 (reference) 1 (reference)

RDW-high or NLR-high 3.39 (2.06-5.56) 0.000 3.04 (1.76-5.25) 0.000

RDW-high + NLR-high 6.99 (4.17-11.70) 0.000 5.61 (3.11-10.12) 0.000
AKI stage

1 1 (reference) 1 (reference)

2 2.35(1.59-3.48) 0.000 1.97 (1.26-3.08) 0.000

3 3.77 (2.55-5.57) 0.000 5.23 (3.28-8.33) 0.000
RRT

Non-requirement 1 (reference) 0.000 1 (reference) 0.000

Requirement 7.12 (4.62-10.99) 8.65 (5.00-15.00)

RDW, NLR, PLR, combined RDW + NLR, and AKI stage were adjusted separately in models that included
age, gender, heart disease, hypertension, cerebrovascular disease, chronic kidney disease, chronic obstructive
pulmonary disease, chronic liver disease, type 2 diabetes, cancer, AKI classification, hemoglobin, hematocrit, total
bilirubin, and serum uric acid (multivariable analysis model 1). AKI, acute kidney injury; RDW, red blood cell
distribution width; RRT, renal replacement therapy; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; OR, odds ratio; CI, confidence interval.

tients, the mortality risk of high versus low RDW was not
statistically significant after adjustment. However, in pre-
renal AKI patients, the risk of death was about 2-fold in
participants with higher RDW values compared to those
with lower RDW levels (Table 4), and furthermore the
death risk was nearly 6-fold in AKI patients with “RDW-
high and NLR-high” compared to that in those with
“RDW-low and NLR-low” (Table 4). These results indi-
cated that RDW levels could better predict mortality risk
in prerenal AKI than intrinsic-renal AKL

Ability for Predicting AKI Patient Death

We further analyzed the prognostic abilities of blood
cell parameters in predicting AKI death in 60 days by
ROC curve. The area under the ROC curve (AUC) of

376 Kidney Dis 2020;6:371-381
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AKI death for RDW was 0.63 (95% CI, 0.59-0.68), and
RDW level higher than the optimal cutoff value of
13.95% predicted AKI mortality with a sensitivity of
64.1% and specificity of 58.3% (Table 5; Fig. 2a). The
RDW cutoff value was similar to that of another study
on AKI patents in coronary care unit, which determined
14.0% as the optimal cutoff value [14]. NLR has an AUC
of 0.65 (95% CI, 0.60-0.69) and the best cutoff value of
5.51 with a sensitivity of 63.5% and a specificity of 61.0%.
The value of AUC indicated RDW or NLR is similar to
serum albumin (0.62) and hemoglobin (0.59) in predict-
ing AKI mortality. However, the AUC of WBC or PLR
was not statistically significant compared to 0.5 (Ta-
ble 5; Fig. 2a).
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Table 4. Univariate and multivariate logistic regression analysis of RDW and NLR to predict prerenal and

intrinsic-renal AKI mortality

Variable Unadjusted Adjusted
OR (95% CI) p value OR (95% CI) p value
Prerenal AKI
RDW
Low (<13.95) 1 (reference) 1 (reference)
High (213.95) 2.76 (1.79-4.27) 0.000 2.13 (1.24-3.73) 0.008
NLR
Low (<5.51) 1 (reference) 1 (reference)
High (25.51) 2.56 (1.67-3.93) 0.000 2.55 (1.54-4.23) 0.000
Combined RDW + NLR
RDW-low + NLR-low 1 (reference) 1 (reference)
RDW-high or NLR-high 3.45 (1.83-6.51) 0.000 3.05 (1.46-6.38) 0.003
RDW-high + NLR-high 7.08 (3.63-13.81) 0.000 6.03 (2.66-13.66) 0.000
Intrinsic-renal AKI
RDW
Low (<13.95) 1 (reference) 1 (reference)
High (213.95) 2.05(1.23-3.42) 0.006 1.48 (0.74-2.92) 0.275
NLR
Low (<5.51) 1 (reference) 1 (reference)
High (=5.51) 3.26 (1.90-5.58) 0.000 2.78 (1.50-5.21) 0.001
Combined RDW + NLR
RDW-low + NLR-low 1 (reference) 1 (reference)
RDW-high or NLR-high 3.97 (1.71-9.23) 0.001 2.86 (1.09-7.54) 0.034
RDW-high + NLR-high 7.13 (3.01-16.93) 0.000 4.96 (1.77-13.90) 0.002

RDW, NLR, and combined RDW + NLR were adjusted separately in models that included age, gender, heart
disease, hypertension, cerebrovascular disease, chronic kidney disease, chronic obstructive pulmonary disease,
chronic liver disease, type 2 diabetes, cancer, hemoglobin, hematocrit, hemoglobin, total bilirubin, and serum
uric acid. AKI, acute kidney injury; RDW, red blood cell distribution width; NLR, neutrophil-to-lymphocyte
ratio; OR, odds ratio; CI, confidence interval.

Table 5. ROC analysis of blood cell parameters in predicting AKI death

Biomarker AUC (95% CI) Best cutoff value Sensitivity, %  Specificity, %
RDW, % 0.63 (0.59-0.68) 13.95 64.1 58.3
NLR 0.65 (0.60-0.69) 5.51 63.5 61.0
WBC, x10°/L 0.54 (0.49-0.59) 13.75 25.0 87.2
PLR 0.55 (0.50-0.60) 162.4 554 58.4
Serum albumin, g/L 0.62 (0.57-0.66) 30.85 66.3 54.8
Hemoglobin, g/L 0.59 (0.55-0.64) 102.5 71.8 54.1

AUC, area under the ROC curve; AKI, acute kidney injury; RDW, red blood cell distribution width; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; CI, confidence interval.

Prognostic Significance in RTT Requirement RDW level had higher risk odds of requiring RRT (OR,
The univariate and multivariable association of blood  1.99; 95% CI, 1.13-3.50) than patients with low RDW.
cell parameters in predicting RRT requirement in theen-  NLR also predicted the AKI progression to RRT require-

tire cohort is demonstrated in Table 6. Patients with high  ment (OR, 1.65; 95% CI, 1.01-2.71). The combination of
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Table 6. Univariate and multivariate logistic regression analysis of inflammatory indicators in CBC to predict the

need for RRT
Variable Unadjusted Adjusted
OR (95% CI) p value OR (95% CI) p value

RDW

Low (<13.95%) 1 (reference) 1 (reference)

High (213.95%) 2.07 (1.36-3.16) 0.001 1.99 (1.13-3.50) 0.017
NLR

Low (<5.51) 1 (reference) 1 (reference)

High (=5.51) 2.05 (1.34-3.16) 0.001 1.65 (1.01-2.71) 0.046
WBC

Low (<6.26x10°/L) 1.06 (0.58-1.93) 0.849 1.137 (0.57-2.26) 0.714

Intermediate (6.26-9.78x10°/L) 1 (reference) 1 (reference)

High (>9.78x10%/L) 1.55(0.99-2.44) 0.056 1.09 (0.64-1.85) 0.762
PLR

Low (<112) 1.03 (0.61-1.73) 0.924 0.86 (0.45-1.62) 0.452

Intermediate (112-195) 1 (reference) 1 (reference)

High (>195) 1.32 (0.80-2.17) 0.276 1.27 (0.73-2.21) 0.725
Combined RDW + NLR

RDW-low + NLR-low 1 (reference) 1 (reference)

RDW-high or NLR-high 2.10 (1.17-3.78) 0.013 1.97 (0.98-3.96) 0.059

RDW-high + NRL-high 3.92(2.13-7.20) 0.000 3.18 (1.47-6.86) 0.003

RDW, NLR, PLR, and combined RDW + NLR were adjusted separately in models that included age, gender,

heart disease, hypertension, cerebrovascular disease, chronic kidney disease, chronic obstructive pulmonary
disease, chronic liver disease, diabetes, cancer, AKI classification, hemoglobin, hematocrit, total bilirubin, and
serum uric acid (multivariable analysis model 1). RDW, red blood cell distribution width; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; OR, odds ratio; CI, confidence interval.

1.0 1.0 4
— RDW 7 — WBC
----NLR g ----PLR :
0.8 1 0.8 - ”
5 061 . .. 0.6
s s L
Y 04+ Y 04
024 . 024 A
0 T T T T 1 0 T T T T 1
0 0.2 0.4 0.6 08 1.0 0 02 0.4 06 0.8 1.0
a Specificity b Specificity

Fig. 2. ROC analysis of blood cell parameters in predicting AKI mortality. a ROC curves of RDW and NLR in
predicting 60-day AKI mortality. b ROC curves of WBC and PLR in predicting 60-day AKI mortality. ROC, re-
ceiver operating characteristic; AKI, acute kidney injury; RDW, red blood cell distribution width; NLR, neutro-
phil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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RDW and NLR further increased the ability of risk strat-
ification. The prognostic ability of WBC and PLR was
much weaker than that of RDW and NLR.

Discussion

In this study, we have demonstrated that RDW or NLR
may function as an independent risk factor for dialysis
requirement and all-cause mortality in hospitalized AKI
patients. Patients with RDW > 13.95% denoted 2-fold risk
of dialysis requirement and 1.8-fold risk of death, com-
pared with patients with low RDW after adjusting mul-
tiple potential confounding factors. Patients with NLR
>5.51 suffered 1.7-fold risk of dialysis requirement and
2.5-fold risk of death. These results support that RDW
and NLR, 2 parameters in routine blood test, may provide
additional prognostic information for the risk prediction
of AKI.

AKI has become a huge medical and economic burden
worldwide [4]. In China, a recent nationwide study in-
volving 44 hospitals indicated the all-cause in-hospital
mortality was 12.4% in AKI patients [3]. Consistent with
these previous studies on Chinese population, we found
the all-cause 60-day AKI mortality was 16.0% in the Sec-
ond Xiangya Hospital located in southern China, indicat-
ing a high mortality rate in AKI. Because of the great bur-
den and adverse outcome of AKI, stratifying high-risk
patients and identifying useful biomarkers that allow ear-
ly intervention are very important. Recent prospective
multicenter studies reported that several systemic inflam-
mation-associated biomarkers, like IL-6 [15], IL-18 [16],
IL-8 [17], and soluble urokinase plasminogen activator
receptor [18], showed better performance in predicting
adverse outcomes than kidney injury biomarkers such as
kidney injury molecule 1 and neutrophil gelatinase-asso-
ciated lipocalin [17]. While recognizing the importance
of inflammatory markers, in our retrospective study, all
patients had routine blood tests but only a very small per-
centage of them had measurements of inflammatory
markers like IL-6 and C-reactive protein. This actually
supports the significance of identifying inflammatory in-
dicators in routine blood test for risk stratification.

Among routinely reported inflammatory parameters in
complete blood cell count, we found RDW and NLR out-
performed WBC and PLR in predicting AKI progression
requiring dialysis and patient death. RDW significantly
correlated with hemoglobin; however, the predictive abil-
ity of RDW was independent of hemoglobin and even su-
perior to hemoglobin in AUC. Though both RDW and

Blood Cell Parameters in Acute Kidney
Injury

Table 7. Correlation coefficient (r) between baseline RDW/NLR
and selected parameters

Variable RDW pvalue NLR pvalue
(r) (r)

Age (years) 0.02 0.444 0.07 0.011

Comorbidities
Hypertension -0.09 0.004 0.02 0.373
Cerebrovascular disease  —0.03  0.393 0.10  0.000
Cancer 0.09 0.002 -0.09 0.002
Chronic liver diseases 0.31 0.000 -0.04 0.220

Laboratory parameters
RDW (%) 1 - 0.04 0.144
NLR 0.04 0.144 1 -
Hemoglobin (g/L) -0.46 0.000 -0.06 0.063
Hematocrit (%) -0.44 0.000 -0.08 0.011
WBC (x10°/L) 0.07 0.013 0.34  0.000
PLR 0.01 0.844 0.58 0.000
Albumin (g/L) -0.17 0.000 -0.20 0.000
Total bilirubin (umol/L) 0.34  0.000 0.02 0.609

RDW, red blood cell distribution width; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.

NLR may reflect systemic inflammation, they did not cor-
relate with each other (r = 0.04, p > 0.05) (Table 7). There-
fore, the method of combining RDW and NLR succeeded
in stratifying AKI patients into low-, intermediate-, and
high-risk groups. The combination of RDW and NLR was
comparable to the use of SCr for AKI stage in predicting
AKI patient death, suggesting a promising potential of
combining RDW and NLR in AKI risk stratification.

Both prerenal and intrinsic-renal AKIreflectan abrupt
decrease in kidney function, but they have a distinct
pathophysiology. The high RDW level was more strongly
associated with the mortality risk in prerenal AKI than
intrinsic-renal AKI. The reasons are currently unclear.
The association between elevated RDW level and the pro-
gression of cardiovascular diseases has been described in
previous studies [9, 19], and indeed, patients with elevat-
ed RDW level more likely have cardiovascular diseases in
our study. Aggravated cardiovascular diseases may lead
to failure of the general circulation and a decrease in renal
perfusion pressure, which could cause prerenal AKI (like
cardiorenal syndrome). On the other hand, intrinsic-re-
nal AKI is often caused by renal intrinsic ischemia and
nephrotoxic medications, where an association of RDW
with those disorders is rarely reported.

The exact pathophysiological mechanism underlying
the association of high RDW with adverse outcomes is
not well understood. Elevated RDW results from en-
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trance of immature erythrocytes into the circulation,
which is caused by fluctuation of erythropoiesis. Growing
evidence suggests that inflammatory cytokines and poor
nutritional status may alter iron metabolism, suppress
erythropoietin production, and enhance erythropoietin
resistance [20, 21]. Indeed, in our study, patients with
higher RDW levels (>13.95%) were generally older and
suffered from hypoalbuminemia and anemia, indicating
systemic inflammation and malnutrition may enhance
RDW level in AKI patients. Therefore, RDW may be a
parameter reflecting chronic inflammatory and poor nu-
tritional status. Besides, high RDW itself may be a poten-
tial mediator of the poor clinical outcome since its influ-
ence on AKI death is independent of age, albumin, and
hemoglobin. Further studies are needed to clarify poten-
tial confounding factors and the detailed association be-
tween RDW and AKI adverse outcomes.

There are also several limitations to this study. First,
this is a retrospective, single-center study, where some of
the potential confounding factors like inflammatory cy-
tokines were not measured in most of the patients. Sec-
ond, AKI was diagnosed only according to SCr changes
and did not include urine output. Last, we did not per-
form a longer follow-up on AKI patients to evaluate the
risk factors that affected their long-term prognosis.

In summary, this study investigated the potential of
routine blood test parameters for predicting adverse out-
comes of AKI, including dialysis requirement and mor-
tality. Our results support the independent predictive
power of RDW and NLR in general AKI patients. These
inexpensive and routinely reported indicators may pro-
vide valuable information in early risk stratification of
AKI patients.
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