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Abstract
The neutrophil-to-lymphocyte ratio (NLR) has been suggested as a potential biomarker for the prediction and risk stratifica-
tion of acute kidney injury (AKI), but conflicting results were reported by literature. We therefore conducted a pooled analysis 
to consolidate available evidence regarding the predictive and prognostic value of NLR in AKI patients. A systematic search 
was performed in the PubMed/Medline, Embase, and Cochrane Central Register of Controlled Trials (Central) databases 
from inception to March 2025 for cohort studies investigating the association between NLR and AKI. Quality assessment was 
performed via the Quality Assessment for Studies of Diagnostic Accuracy (QUADAS-2) tool. The predictive and prognostic 
value of the NLR for AKI was evaluated via pooled estimates of odds ratio (OR), sensitivity, specificity, positive likelihood 
ratio (PLR), negative likelihood ratio (NeLR), diagnostic score (DS), diagnostic odds ratio (DOR), summary receiver operat-
ing characteristic (SROC) curves, and the Fagan nomogram. Twenty-nine studies with 102,870 patients were pooled in this 
meta-analysis. Higher NLR was associated an increased risk of AKI (OR 1.52, 95% CI 1.29–1.79; p < 0.001). The pooled 
sensitivity and specificity were 0.70 (95% CI 0.65–0.74) and 0.67 (95% CI 0.60–0.74). The combined values of the PLR, 
NeLR, DS, and DOR were 2.13 (1.74–2.60), 0.45 (0.38–0.52), 1.56 (1.24–1.89), and 4.78 (3.46–6.60), respectively, with 
a pooled area under the curve (AUC) for the SROC being 0.74 (95% CI 0.70–0.78). Subgroup analysis suggested that the 
associations remained statistically significant in contrast-associated AKI (p < 0.001) and surgery-associated AKI (p < 0.001), 
but of boarder line significance in sepsis-associated AKI (p = 0.082). In addition, higher NLR was also found to be related 
to 1.47-fold increase in mortality among AKI patients (OR 1.47, 95% CI 1.13–1.91, p = 0.004). NLR is not only an effective 
marker for predicting AKI event, but also a prognostic tool to identify AKI patients with higher risk of death. Future studies 
are needed to justify its value in different AKI subtypes.
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Introduction

Acute kidney injury (AKI) is a prevalent complication 
among hospitalized patients and is characterized by an ele-
vation in serum creatinine (SCr) levels, a rapid decline in 
the glomerular filtration rate (GFR), or oliguria or anuria 
[1], all of which increase the risk of mortality. Currently, 
the primary diagnosis of AKI in hospital settings is depend-
ent on SCr levels or urine volume. However, many patients 
are overlooked initially because their SCr levels are already 
elevated upon admission [2]. Consequently, interest in new 
biomarkers that can provide earlier and more accurate diag-
noses of AKI, as well as predict clinical outcomes such as 
mortality is increasing.
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One promising area of research involves inflammation 
response biomarkers, which may offer a valuable addition to 
the diagnostic toolkit for AKI. Research has underscored the 
pivotal role of the inflammatory response in the progression 
of AKI [3]. Systemic inflammation markers, such as IL-6, 
IL-8, CRP and TNF-α, have been utilized to evaluate the 
risk and severity of diseases [4]. Similarly, the neutrophil-
to-lymphocyte ratio (NLR), a readily accessible and cost-
effective marker of inflammation, has garnered attention as a 
potential predictive and prognostic biomarker across various 
diseases, including sepsis [5], cancer [6], acute appendici-
tis [7], and AKI [8]. While the NLR has shown promise 
in these contexts, its applicability as a reliable predictive 
and prognostic tool for AKI remains controversial due to 
a paucity of robust statistical data. To address this gap and 
consolidate the existing evidence, we conducted a systematic 
review and meta-analysis aimed at verifying the predictive 
value of the NLR for AKI and other clinical outcomes. This 
comprehensive analysis will help clarify the role of the NLR 
in AKI management and inform future research directions.

Methods

Study search strategy

The protocol of systematic review and meta-analysis was 
registered in PROSPERO (CRD42024558959). And the 
study was conducted according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses statement 
standards [9]. A systematic search was performed in the 
PubMed/Medline, Embase, and Cochrane Central Register 
of Controlled Trials (Central) databases from their inception 
until March 2025. The search terms included (“neutrophil-
to-lymphocyte” or “neutrophil/lymphocyte ratio” or “neu-
trophil–lymphocyte count ratio” or “neutrophil–lymphocyte 
ratio” or “NLR”) and (“AKI” or “acute kidney injury” or 
“acute renal failure”). Furthermore, reference lists were 
further reviewed to identify relevant studies. The detailed 
search strategy and results from each database have been 
provided in the Supplementary Appendix.

Eligibility criteria and study selection

A total of 3442 relevant articles were identified by the initial 
search. The literature inclusion criteria were as follows: (i) 
human cohort studies with participants ≥ 18 years of age, 
(ii) investigated the association between NLR and AKI, and 
(iii) reported incidence of AKI, patient mortality or other 
clinical outcomes. Ineligible literature, such as conference 
abstracts, protocols, case reports, reviews, meta-analyses, 
basic studies or those with insufficient data for analysis, were 
excluded. Two reviewers (WW and YBY) independently 

selected studies by reviewing titles, abstracts, and full texts. 
Furthermore, disagreements on study selection between the 
two reviewers were resolved by a third reviewer (ZYL).

Data extraction

Two reviewers (WW and YBY) independently extracted 
data from each study by using a standardized data extrac-
tion form, including the first author, publication year, sample 
size, type of AKI, definitions of AKI, mortality, and time of 
NLR measurement. Additionally, odds ratio (OR), the area 
under the curve (AUC), optimal cutoff, sensitivity and speci-
ficity of the NLR were obtained from the included articles. 
Absolute true-positive (TP), false-positive (FP), true-nega-
tive (TN), and false-negative (FN) data were also calculated.

Quality assessment and risk of bias

The quality assessment and risk of bias for the 29 included 
studies were independently elevated by two authors (WW 
and YBY) following the Quality Assessment of Diagnos-
tic Accuracy Studies 2 (QUADAS-2) [10]. The risk of bias 
included the following: (i) patient selection, (ii) index test, 
(iii) reference standard, and (iv) flow and test timing. Addi-
tionally, patient selection, index tests, and reference stand-
ards were assessed for applicability concerns.

Statistical analysis

The outcome measures were analyzed via a random effects 
model, and the pooled effect of NLR-AKI association was 
calculated as the standardized OR and 95% CI with het-
erogeneity. Heterogeneity was evaluated via the χ2 test and 
I2 statistic. The diagnostic value of the NLR for predicting 
AKI was further evaluated via pooled estimates of sensi-
tivity, specificity, positive likelihood ratio (PLR), negative 
likelihood ratio (NeLR), diagnostic score (DS), diagnostic 
odds ratio (DOR), summary receiver operating characteristic 
(SROC) curves, and the Fagan nomogram, while clinical 
outcomes AKI patients such as mortality were also evalu-
ated. Additionally, publication bias was assessed via Deek’s 
funnel plot. All the statistical analyses were performed via 
R studio software (version 4.2.1; R Foundation for Statisti-
cal Computing, Vienna, Austria), Review Manager, version 
5.4 (RevMan, the Cochrane Collaboration, Oxford, UK), 
and Stata, version 17.0 (Stata Corporation, College Sta-
tion, TX, USA). Statistical analyses were performed using 
R software (version 4.2.1) with the meta-package (version 
5.2–0). Specifically, we employed the following functions: 
(1) the ‘metagen’ function for effect size calculation and 
heterogeneity assessment, (2) the ‘summary’ function for 
meta-analysis results synthesis, and (3) the ‘forest’ function 
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for visualization of the forest plots. p < 0.05 was considered 
statistically significant.

Results

Study identification

The study selection process is shown in Fig. 1. The initial 
search identified 3442 relevant articles, 374 of which were 
excluded because of duplication. According to the title and 
abstract, 2774 irrelevant articles were further excluded. After 
screening the full texts, 267 records were excluded. Addi-
tionally, two articles were identified through the reference 
lists of relevant articles. Finally, 29 studies were included in 
the systematic review and meta-analysis [3, 11–38].

Study characteristics

A total of 29 studies involving 102,870 participants were 
included. Among these studies, 25 reported on the predic-
tive value of the NLR for AKI [11–35], including surgery-
associated AKI, contrast-associated AKI and sepsis-asso-
ciated AKI (SAKI). AKI was defined as an increase in SCr 
of ≥ 0.5 mg/dl or > 25% from baseline and KDIGO defini-
tion. Six studies, including 69,883 participants, evaluated 
the prognostic value of NLR for predicting morality in AKI 
patients [3, 19, 32, 36–38]. The detailed characteristics of 
all the included studies are shown in Table 1.

Study quality assessment

The quality of the 29 included studies was assessed using 
the QUADAS-2 tool (Figure S1). The results of the QUA-
DAS-2 assessment were classified as “low risk,” “high risk,” 
or “unclear risk.” Base on the reference standard, four stud-
ies [11, 13, 14, 25] were labeled as “high risk” and 18 stud-
ies [3, 15, 16, 21–24, 26, 27, 29–34, 36–38] were labeled 
as “low risk.” Overall, the studies included exhibited a low 
level of bias.

Predictive value of the NLR for AKI

There are 25 studies and 77,304 participants in which the 
predictive value of the NLR as a biomarker for AKI was 
investigated [11–35]. As shown in Fig. 2, a higher NLR at 
admission or preoperatively was significantly associated 
with increased risk of AKI (OR 1.52, 95% CI 1.29–1.79, 
p < 0.001), whereas the overall I2 value was 95% (95% CI: 
93.4–96.0%, χ2 = 0.09, p < 0.01), indicating significant heter-
ogeneity. Furthermore, the pooled sensitivity and specificity 
were 0.70 (95% CI 0.65–0.74) and 0.67 (95% CI 0.60–0.74), 
respectively, with an AUC of 0.74 (95% CI 0.70–0.78) 
(Figs. 3, 4). The combined values of the PLR, NeLR, DS, 
and DOR were 2.13 (1.74–2.60), 0.45 (0.38–0.52), 1.56 
(1.24–1.89), and 4.78 (3.46–6.60), respectively (Figure S2, 
S3). As shown in Fig. S4, Fagan’s nomogram for the likeli-
hood ratios indicated that the use of the NLR to diagnose 
AKI increased the post-test probability to 68% when the 
results were positive and reduced the post-test probability 
to 31% when the test was negative.

Fig. 1  Flow diagram of the 
study selection process
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Table 1  Characteristics of the included studies

Study Country Design Age (Years) Sex (Male) Sample size NLR meas-
urement

AKI definition Type of AKI Outcomes

Kim (2015) Korea Single‐center 
retrospec-
tive

65 (55–73) 69.7% 590 Preoperative KDIGO Surgery-
associated 
AKI

AKI

Yilmaz 
(2015)

Turkey Single‐center 
retrospec-
tive

N/A 50.8% 118 At admission KDIGO SAKI AKI

Kurtul 
(2016)

Turkey Single‐center 
retrospec-
tive

62.8 ± 12.6 64.2% 478 At admission increase 
in SCr 
of > 0.5 mg/
dl or > 25% 
from base-
line

CI-AKI AKI

Ying (2017) China Single‐center 
retrospec-
tive

N/A 80.7% 1061 At admission increase 
in SCr 
of > 0.5 mg/
dl from 
baseline

CI-AKI AKI

Koo (2018) Korea Single‐center 
retrospec-
tive

N/A 52.4% 1099 Preoperative KDIGO Surgery-
associated 
AKI

AKI

Parlar (2018) Turkey Single‐center 
retrospec-
tive

N/A 59.3% 396 Preoperative KDIGO Surgery-
associated 
AKI

AKI

Silberman 
(2018)

Israel Single‐center 
retrospec-
tive

N/A 68.9% 3027 Preoperative increase 
in SCr 
of > 2 mg/
dl from 
baseline

Surgery-
associated 
AKI

AKI, mor-
tality

Sun (2018) China Multicenter 
retrospec-
tive

59.7 (11.2) 77.2% 5719 At admission increase 
in SCr 
of ≥ 0.5 mg/
dl or ≥ 25% 
from base-
line

CI-AKI AKI

Tanık (2019) Turkey Single‐center 
retrospec-
tive

57.16 ± 11.55 82.1% 2000 At admission increase 
in SCr 
of > 0.5 mg/
dl, or > 25% 
from base-
line

CI-AKI AKI

Kim (2019) Korea Single‐center 
retrospec-
tive

N/A 82.9% 473 Preoperative KDIGO Surgery-
associated 
AKI

AKI, mor-
tality

Bu (2019) China Single‐center 
retrospec-
tive

64.83 ± 17.13 55.4% 222 At admission KDIGO SAKI AKI, mor-
tality

Fan (2019) China Single‐center 
retrospec-
tive

65.8 ± 17.3 44.4% 13,678 At admission KDIGO / Mortality

Weedle 
(2019)

Ireland Single‐center 
retrospec-
tive

66.8 (9.97) 77.7% 906 Preoperative KDIGO Surgery-
associated 
AKI

AKI

Bi (2020) China Single‐center 
retrospec-
tive

60.48 ± 17.74 63.8% 282 At admission KDIGO Surgery-
associated 
AKI

AKI
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The predictive cutoff values of the NLR, initial TP, TN, 
FP, FN, sensitivity, and specificity for AKI are summarized 
in Table S1. These results indicate that the NLR has a mod-
erately high diagnostic value for AKI.

Sensitivity analysis

We evaluated the stability of NLR as a risk factor of AKI 
by sequentially removing one study at a time. As shown in 

NLR neutrophil-to-lymphocyte ratio, AKI acute kidney injury, CI-AKI contrast-associated AKI, SAKI sepsis-associated AKI, SCr serum creati-
nine; KDIGO Kidney Disease Improving Global Outcomes

Table 1  (continued)

Study Country Design Age (Years) Sex (Male) Sample size NLR meas-
urement

AKI definition Type of AKI Outcomes

Butt (2020) America Single‐center 
retrospec-
tive

N/A 70.25% 1577 At admission increase 
in SCr 
of ≥ 0.5 mg/
dl or ≥ 25% 
from base-
line

CI-AKI AKI

Zhu (2020) China Single‐center 
retrospec-
tive

58 (47, 67) 65.6% 1168 At admission KDIGO CI-AKI mortality

Ösken 
(2021)

Turkey Single‐center 
retrospec-
tive

68.3 ± 9.3 80.2% 389 At admission KDIGO CI-AKI AKI

Parlar (2021) Turkey Single‐center 
retrospec-
tive

62.2 ± 9 78.8% 396 Preoperative KDIGO Surgery-
associated 
AKI

AKI

Usta (2021) Turkey Single‐center 
retrospec-
tive

N/A 76.1% 335 Preoperative KDIGO Surgery-
associated 
AKI

AKI

He (2021) China Single‐center 
retrospec-
tive

N/A 67.32% 91 Preoperative KDIGO Surgery-
associated 
AKI

AKI

Olasińska 
(2022)

Poland Single‐center 
retrospec-
tive

80 (75–83) 47.9% 163 At admission KDIGO SAKI AKI, mor-
tality

Chen (2022) China Single‐center 
retrospec-
tive

68.1 ± 16.6 62.2% 10,411 At admission KDIGO / Mortality

Xie (2022) Chian Single‐center 
retrospec-
tive

58 (46–68) 63.8% 1238 At admission KDIGO SAKI AKI

Zhang 
(2022)

China Single‐center 
retrospec-
tive

N/A 66.9% 154 Preoperative KDIGO Surgery-
associated 
AKI

AKI

Yan (2023) China Single‐center 
retrospec-
tive

56 (46–64) 60.2% 10,159 Preoperative KDIGO Surgery-
associated 
AKI

AKI

Zhou (2023) China Single‐center 
retrospec-
tive

N/A 69.9% 2230 At admission KDIGO CI-AKI AKI

Wei (2023) China Single‐center 
retrospec-
tive

57.8 ± 18.1 70.2% 309 At admission KDIGO SAKI Mortality

Wang (2023) China Single‐center 
retrospec-
tive

53.23 (15.35) 53.1% 44,065 Preoperative KDIGO Surgery-
associated 
AKI

AKI, mor-
tality

Pan (2024) China Single‐center 
retrospec-
tive

70.04 ± 16.95 55.3% 217 At admission KDIGO SAKI AKI
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Fig. S5, the pooled effect for AKI remains consistent after 
omitting each of the included studies (p all < 0.001), dem-
onstrating the robustness of the finding.

Publication bias

Publication bias was further evaluated using Deek’s funnel 
chart. As illustrated in Fig. S6, among the 25 studies exam-
ining the relationship between NLR and AKI, funnel plot 
revealed no significant publication bias (p = 0.77).

Subgroup analysis

Although the pool analysis suggested that NLR was sta-
tistically significant for predicting AKI, the heterogeneity 
was substantial. Therefore, we further conducted subgroup 
analysis of different types of AKI, including surgery-asso-
ciated AKI, contrast-associated AKI, and SAKI. Surgery-
associated AKI was reported in 13 studies [11, 15–17, 20, 
22, 23, 25, 27–29, 32, 33] with 61,888 patients, contrast-
induced AKI in 7 studies [13, 14, 18, 21, 24, 26, 34] with 
13,454 patients, and SAKI in 5 studies [12, 19, 30, 31, 
35] with 2,012 patients. As shown in Fig. 5, the results of 
the subgroup analyses suggest that the NLR is a potential 
biomarker for diagnosing contrast-associated AKI (OR 
1.67, 95% CI 1.32–2.12, p < 0.001) and surgery-associated 
AKI (OR 1.31, 95% CI 1.14–1.52, p < 0.001). However, 

the significance of the NLR for predicting SAKI was less 
robust (OR 1.63, 95% CI 0.94–2.83; p = 0.082).

Recognizing the variability in AKI diagnostic criteria 
among included studies (Table 1), we conducted additional 
subgroup analyses. Under both the traditional definition 
(serum creatinine increase ≥ 0.5 mg/dl or > 25% from base-
line; OR 1.542, 95% CI 1.26–1.89, p < 0.001) and KDIGO 
definition (OR 1.51, 95% CI 1.21–1.89, p = 0.0003) of 
AKI, NLR demonstrated robust predictive power. Given 
the wide range of NLR cutoff values (2.17–17.11) adopted 
across the studies, we conducted meta-regression analy-
sis to assess their impact on AKI prediction. The meta-
regression analysis revealed different NLR cutoff values 
might be a potential source of heterogenicity (p = 0.0854) 
(Table S2). To address the considerable heterogeneity, we 
further performed stratification into low-cutoff (< 3.46, 
n = 7 studies) [16, 18, 26, 27, 29, 32, 33] and high-cutoff 
(≥ 3.46, n = 8 studies) [12–14, 19, 20, 23, 28, 31] sub-
groups. As illustrated in Fig. S7, the low NLR cutoff 
subgroup exhibited predictive value for AKI (OR 1.526, 
95% CI 1.38–1.68, p < 0.001) without significant inter-
study heterogenicity (I2 = 29.1%), whereas the high-cutoff 
group showed limited predictive utility with marginal sig-
nificance (OR 1.334, 95% CI 1.00–1.79, p = 0.0535) and 
the heterogenicity in this subgroup remained significant 
(I2 = 93%).

Fig. 2  Forest plot of the predic-
tive value of the NLR for AKI. 
NLR neutrophil-to-lymphocyte 
ratio, AKI acute kidney injury
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Prognostic value of the NLR for mortality in AKI 
patients

Six studies, including 69,883 participants, were included in 
the evaluation of the prognostic value of the NLR for risk of 
death in AKI patients [3, 19, 32, 36–38]. As shown in Fig. 6, 
a higher NLR at admission or preoperatively was associated 
with mortality in AKI patients (OR 1.47, 95% CI 1.13–1.91; 
p = 0.004). However, only one study [3] has reported other 
major adverse events, such as the need for renal replacement 
therapy (RRT) and transfer to the ICU in AKI patients. More 
studies are required to verify the potential prognostic value 
of NLR for other major adverse events.

Discussion

This systematic review and meta-analysis, which included 
29 studies with 102,870 patients, revealed that higher NLR 
was significantly associated with a 1.5-fold increased risk of 
AKI. NLR has a moderately high predictive value for AKI 
with a pooled estimated AUC of 0.74, sensitivity of 0.70 and 

specificity of 0.67. Moreover, NLR also has a substantial 
prognostic value for mortality in AKI patients (OR 1.47). 
Subgroup analysis suggested that NLR’s predictive value 
of AKI events remained statistically significant in surgery-
associated AKI and CI-AKI, while only achieved boarder 
line significance in SAKI patients.

Current diagnostic criteria rely on classical parameter 
including SCr level and urine volume [39], which was disad-
vantaged by the delayed increase in SCr and inaccurate mon-
itoring of urine output. A number of studies have focused 
on the predictive methods for AKI. Potential early biomark-
ers, such as kidney injury molecule-1 (KIM-1), neutrophil 
gelatinase associated-lipoprotein (NGAL), γ-glutamyl trans-
peptidase (GGT), excess reactive oxygen species (ROS), tis-
sue inhibitor of matrix metalloproteinase-2 (TIMP-2) and 
insulin-like growth factor binding protein 7 (IGFBP7), have 
been identified to be promising in the prediction of AKI 
[40]. However, most of the early biomarkers of AKI have not 
yet become clinical routine tests and the unavailability has 
hindered their clinical application. Cost-effective biomarker 
which are readily available has always been an area of inter-
est in AKI research.

Fig. 3  Forest plot of the sensitivity and specificity of the NLR for the prediction of AKI. NLR neutrophil-to-lymphocyte ratio, AKI acute kidney 
injury
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The NLR is a combination of blood neutrophil and lym-
phocyte counts that are economical and easily obtained. 
Clinical and experimental studies [41] have reported that 
the systemic inflammatory response plays pivotal roles in 
the pathophysiological process of AKI. Increasing evi-
dence has shown that the NLR may serve as a predictive 
marker for various diseases, including bacteraemia [42], 
atrial fibrillation [43] as well as AKI [20]. NLR measure-
ment offers valuable clinical utility for AKI risk stratifica-
tion across multiple healthcare settings. In preoperative 
evaluation, particularly for high-risk surgeries like cardiac 

procedures, NLR assessment can identify subclinical 
inflammation, guide perioperative optimization strate-
gies, and inform surgical decision-making. For emergency 
department patients presenting with sepsis, early NLR 
measurement enables rapid AKI risk stratification and 
may help to guide fluid resuscitation protocols. In critical 
care settings, serial NLR monitoring provides dynamic 
assessment of AKI risk and other outcomes. NLR’s par-
ticular strength lies in its cost-effectiveness and immediate 
availability through routine complete blood count analysis, 
making it especially valuable for resource-limited settings. 

Fig. 4  SROC curve of the NLR for the included studies. SROC summary receiver operating characteristic, NLR neutrophil-to-lymphocyte ratio
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However, current studies on the association between NLR 
and AKI are heterogenous and baring conflict results. 
Hence, to consolidate available evidence and verify the 
predictive and prognostic value of the NLR for different 
types of AKI, we provided the one of the first systematic 
review and meta-analysis which justify the future clinical 

application of NLR in the timely recognition and risk 
stratification of AKI and subsequent outcomes.

AKI is a clinical syndrome with complex etiologies. In 
addition to the overall pool analysis, we further conducted 
a subgroup analysis to assess the predictive value of the 
NLR for different types of AKI, such as surgery-associated 

Fig. 5  Subgroup analysis of 
AKI for the predictive value of 
the NLR. NLR neutrophil-to-
lymphocyte ratio, AKI acute 
kidney injury

Fig. 6  Forest plot of the prog-
nostic value of the NLR for 
mortality in AKI patients. NLR 
neutrophil-to-lymphocyte ratio, 
AKI acute kidney injury
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AKI [34], contrast-associated AKI [14], and SAKI [31]. 
Our results indicate that the NLR serves as an effective bio-
marker for contrast- or surgery-associated AKI. However, 
for SAKI, the predictive value of the NLR was less pro-
nounced with only boarder line significance. The relation 
between NLR and sepsis has been reported by various stud-
ies. Schupp et al. reported that an elevated NLR was associ-
ated with an increased risk of sepsis [44]. A meta-analysis 
demonstrated that a higher NLR was predictive of a poorer 
prognosis for sepsis patients [45]. In our subgroup analysis 
focusing on SAKI enrolling five primary studies with 2012 
patients, four studies [12, 19, 30, 31] identified significant 
association between the NLR and risk of SAKI in multi-
variate analysis, which remained significant when pooled 
together, whereas one SAKI research [35] failed to verify 
the predictive value. Notably, these studies were retrospec-
tive studies with limited samples, which might compromise 
the stability of the results. Furthermore, the performance of 
NLR may also vary depending on the AKI stage, severity of 
sepsis, complications, as well as covariates included in the 
multivariate analyses; therefore, more studies are required 
to draw a solid conclusion.

The high heterogeneity (I2 = 94.8%) in NLR’s predic-
tive performance for AKI may stem from various factors. 
Subgroup analyses revealed consistent results across AKI 
definitions, aligning with prior meta-analyses on CI-AKI 
[46]. However, NLR showed limited predictive value with 
borderline significance in the subgroup with high NLR cut-
off values. Our analysis showed considerable variation in 
NLR cutoffs across studies, as demonstrated in the distribu-
tion bar chart (Fig. S8). For AKI subgroups, we observed 
that for contrast-associated AKI, the study by Kurtul et al. 
[13] reported optimal performance at a cutoff of 3.46 (AUC 
0.787), while for surgery-associated AKI, a cutoff of 3.35 
showed the best discriminative ability (AUC 0.778) [32]. 
For septic AKI, existing data suggest a potential optimal 
cutoff around 10.15 (AUC) [12]. These findings underscore 
the need for tailored NLR cutoffs and adjusted analyses for 
comorbidities in future studies to improve clinical applica-
bility in different AKI subgroups.

In addition to forecasting AKI itself, NLR has also been 
found as a prognosticator for disease severity and clinical 
outcome [5, 45]. Hwang et al. demonstrated that the NLR 
was independently associated with mortality in patients with 
sepsis and septic shock [47]. Zhou et al. reported that a high 
NLR was independently associated with all-cause mortal-
ity in rheumatoid arthritis (RA) patients [48]. In our previ-
ously cohort study on SAKI patients, we demonstrated that 
NLR and NLR dynamics were associated with incidence of 
mortality, the need for RRT, and transfer to the ICU [3, 49]. 
The results of current meta-analysis were consistent with 
past literature findings, confirming that NLR was positively 
associated with mortality in AKI patients and might be used 

as a viable predictor of prognosis in AKI patients. How-
ever, as only six retrospective, single-center studies were 
included, larger-scale studies are required to conclude on 
the prognostic value of NLR on various clinical outcome in 
different subtypes of AKI.

To our knowledge, this systematic review and meta-anal-
ysis is among the first to evaluate the relationships between 
the NLR and AKI incidence and prognosis. However, sev-
eral limitations should be considered. First, the etiologies of 
AKI are diverse and the application of NLR in other types 
of AKI, for example ischemic-reperfusion injury-associated 
AKI and cisplatin-induced AKI, was not analyzed because 
of the limited source studies. Second, in the analysis on AKI 
prognosis, we only compared on patient mortality and did 
not include other clinical outcomes such as need for RRT, 
transfer to ICU, renal non-recovery at discharge and rehos-
pitalization. Third, NLR is a dynamic index along with the 
disease progression. Although most studies mainly focused 
on NLR at hospital admission or pre-operation, the fluctua-
tion of NLR afterward was also informative for AKI patient 
prognosis [49] but it had not been evaluated through meta-
analysis. Fourth, due to the study-level nature of our meta-
analysis and significant methodological heterogeneity across 
included studies, we cannot definitively recommend specific 
NLR cutoff values. Future studies with standardized proto-
cols are needed to establish optimal NLR cutoffs for AKI 
prediction in different clinical contexts.

Conclusion

Our systematic review and meta-analysis suggested that 
the NLR not only emerges as an effective predictive marker 
for AKI but also serves as a potential predictor of mortal-
ity in AKI patients. Further studies of larger sample sizes 
and higher quality are imperative to better understand the 
potential value of NLR and NLR dynamics in the prediction 
of different AKI subtypes and risk stratification of various 
patient outcomes.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10238- 025- 01746-4.

Acknowledgements None.

Author contributions WW and ZYL were responsible for the study 
design, literature research, study selection, data extraction, and manu-
script drafting. YBY was responsible for the literature research, study 
selection, and data extraction. ZYY, LCH, and LJ were responsible 
for the statistical analysis. YLT, RJL, and HYX were responsible for 
manuscript revision. ML, ZL, and FP were responsible for the study 
design and manuscript revision. WW and ZYL were responsible for 
the data verification and manuscript revision.

Funding This study was supported by the Science and Technology 
Department of Sichuan Province (2024YFHZ0329), Sichuan University 

https://doi.org/10.1007/s10238-025-01746-4


Clinical and Experimental Medicine          (2025) 25:201  Page 11 of 12   201 

(2023SCUH0065), and the 1.3.5 Project for Disciplines of Excellence 
from West China Hospital of Sichuan University (2020HXFH014, 
ZYGD23015). The funding sources were not involved in this study.

Availability of data and materials The datasets analyzed in the current 
study are available from the corresponding author upon reasonable 
request.

Declarations 

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Open Access  This article is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License, 
which permits any non-commercial use, sharing, distribution and repro-
duction in any medium or format, as long as you give appropriate credit 
to the original author(s) and the source, provide a link to the Creative 
Commons licence, and indicate if you modified the licensed material. 
You do not have permission under this licence to share adapted material 
derived from this article or parts of it. The images or other third party 
material in this article are included in the article’s Creative Commons 
licence, unless indicated otherwise in a credit line to the material. If 
material is not included in the article’s Creative Commons licence and 
your intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this licence, visit http:// creat iveco 
mmons. org/ licen ses/ by- nc- nd/4. 0/.

References

 1. Rossiter A, La A, Koyner JL, et al. New biomarkers in acute 
kidney injury. Crit Rev Clin Lab Sci. 2024;61:23–44.

 2. Kellum JA, Lameire N. Diagnosis, evaluation, and management 
of acute kidney injury: a KDIGO summary (Part 1). Crit Care. 
2013;17:204.

 3. Wei W, Huang X, Yang L, et  al. Neutrophil-to-lymphocyte 
ratio as a prognostic marker of mortality and disease severity 
in septic acute kidney injury patients: a retrospective study. Int 
Immunopharmacol. 2023;116:109778.

 4. Wang Y, Shao T, Wang J, et al. An update on potential biomark-
ers for diagnosing diabetic foot ulcer at early stage. Biomed 
Pharmacother. 2021;133:110991.

 5. Huang Z, Fu Z, Huang W, et al. Prognostic value of neutrophil-
to-lymphocyte ratio in sepsis: a meta-analysis. Am J Emerg 
Med. 2020;38:641–7.

 6. Cupp MA, Cariolou M, Tzoulaki I, et al. Neutrophil to lympho-
cyte ratio and cancer prognosis: an umbrella review of system-
atic reviews and meta-analyses of observational studies. BMC 
Med. 2020;18:360.

 7. Hajibandeh S, Hajibandeh S, Hobbs N, et al. Neutrophil-to-
lymphocyte ratio predicts acute appendicitis and distinguishes 
between complicated and uncomplicated appendicitis: a system-
atic review and meta-analysis. Am J Surg. 2020;219:154–63.

 8. Chen D, Xiao D, Guo J, et al. Neutrophil-lymphocyte count 
ratio as a diagnostic marker for acute kidney injury: a systematic 
review and meta-analysis. Clin Exp Nephrol. 2020;24:126–35.

 9. McInnes MDF, Moher D, Thombs BD, et al. Preferred reporting 
items for a systematic review and meta-analysis of diagnostic 
test accuracy studies: the PRISMA-DTA statement. JAMA. 
2018;319:388–96.

 10. Whiting PF, Rutjes AW, Westwood ME, et al. QUADAS-2: a 
revised tool for the quality assessment of diagnostic accuracy 
studies. Ann Intern Med. 2011;155:529–36.

 11. Kim WH, Park JY, Ok SH, et al. Association between the neu-
trophil/lymphocyte ratio and acute kidney injury after cardio-
vascular surgery: a retrospective observational study. Medicine. 
2015;94:e1867.

 12. Yilmaz H, Cakmak M, Inan O, et al. Can neutrophil-lympho-
cyte ratio be independent risk factor for predicting acute kidney 
injury in patients with severe sepsis? Ren Fail. 2015;37:225–9.

 13. Kurtul A, Yarlioglues M, Duran M, et al. Association of neu-
trophil-to-lymphocyte ratio with contrast-induced nephropathy 
in patients with non-ST-elevation acute coronary syndrome 
treated with percutaneous coronary intervention. Heart Lung 
Circ. 2016;25:683–90.

 14. Yuan Y, Qiu H, Hu X, et al. Predictive value of inflammatory 
factors on contrast-induced acute kidney injury in patients who 
underwent an emergency percutaneous coronary intervention. 
Clin Cardiol. 2017;40:719–25.

 15. Koo CH, Eun Jung D, Park YS, et al. Neutrophil, lymphocyte, 
and platelet counts and acute kidney injury after cardiovascular 
surgery. J Cardiothorac Vasc Anesth. 2018;32:212–22.

 16. Parlar H, Şaşkın H. Are pre and postoperative platelet to lym-
phocyte ratio and neutrophil to lymphocyte ratio associated with 
early postoperative AKI following CABG? Braz J Cardiovasc 
Surg. 2018;33:233–41.

 17. Silberman S, Abu-Yunis U, Tauber R, et al. Neutrophil-lympho-
cyte ratio: prognostic impact in heart surgery. Early outcomes 
and late survival. Ann Thorac Surg. 2018;105:581–6.

 18. Sun XP, Li J, Zhu WW, et al. Platelet to lymphocyte ratio pre-
dicts contrast-induced nephropathy in patients with ST-segment 
elevation myocardial infarction undergoing primary percutane-
ous coronary intervention. Angiology. 2018;69:71–8.

 19. Bu X, Zhang L, Chen P, et al. Relation of neutrophil-to-lym-
phocyte ratio to acute kidney injury in patients with sepsis and 
septic shock: a retrospective study. Int Immunopharmacol. 
2019;70:372–7.

 20. Kim HY, Kong YG, Park JH, et al. Acute kidney injury after 
burn surgery: preoperative neutrophil/lymphocyte ratio as a pre-
dictive factor. Acta Anaesthesiol Scand. 2019;63:240–7.

 21. Tanık VO, Çınar T, Velibey Y, et al. Neutrophil-to-lymphocyte 
ratio predicts contrast-induced acute kidney injury in patients 
with ST-elevation myocardial infarction treated with primary 
percutaneous coronary intervention. J Tehran Heart Center. 
2019;14:59–66.

 22. Weedle RC, Da Costa M, Veerasingam D, et al. The use of neu-
trophil lymphocyte ratio to predict complications post cardiac 
surgery. Ann Transl Med. 2019;7:778.

 23. Bi JB, Zhang J, Ren YF, et  al. Neutrophil-to-lymphocyte 
ratio predicts acute kidney injury occurrence after gastroin-
testinal and hepatobiliary surgery. World J Gastrointest Surg. 
2020;12:326–35.

 24. Butt K, D’Souza J, Yuan C, et al. Correlation of the neutrophil-to-
lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) 
with contrast-induced nephropathy in patients with acute coro-
nary syndrome undergoing percutaneous coronary interventions. 
Cureus. 2020;12:e11879.

 25. He W, Zhou Y. The platelet-lymphocyte ratio is a promising pre-
dictor of early postoperative acute kidney injury following cardiac 
surgery: a case-control study. Ann Transl Med. 2021;9:1751.

 26. Ösken A, Öz A, Keskin M, et al. The association between neutro-
phil-to-lymphocyte ratio and contrast-induced acute kidney injury 
in patients with carotid artery stenting. Vascular. 2021;29:550–5.

 27. Parlar H, Arıkan AA, Önmez A. Dynamic changes in periopera-
tive cellular inflammation and acute kidney injury after coronary 
artery bypass grafting. Braz J Cardiovasc Surg. 2021;36:354–64.

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


 Clinical and Experimental Medicine          (2025) 25:201   201  Page 12 of 12

 28. Usta S, Abanoz M. Can peroperative neutrophil to lymphocyte 
ratio change (Deltanlr) be used as a parameter in predicting acute 
renal failure following coronary bypass operations with cardio-
pulmonary bypass? Heart Surg Forum. 2021;24:E194-e200.

 29. Guangqing Z, Liwei C, Fei L, et al. Predictive value of neutro-
phil to lymphocyte ratio on acute kidney injury after on-pump 
coronary artery bypass: a retrospective, single-center study. Gen 
Thorac Cardiovasc Surg. 2022;70:624–33.

 30. Olasińska-Wiśniewska A, Urbanowicz T, Grodecki K, et  al. 
Neutrophil-to-lymphocyte ratio as a predictor of inflammatory 
response in patients with acute kidney injury after transcatheter 
aortic valve implantation. Adv Clin Exp Med. 2022;31:937–45.

 31. Xie T, Xin Q, Chen R, et al. Clinical value of prognostic nutri-
tional index and neutrophil-to-lymphocyte ratio in prediction of 
the development of sepsis-induced kidney injury. Dis Markers. 
2022;2022:1449758.

 32. Wang J, Bi Y, Ma J, et al. Association of preoperative neutrophil-
to-lymphocyte ratio with postoperative acute kidney injury and 
mortality following major noncardiac surgeries. World J Surg. 
2023;47:948–61.

 33. Yan YT, Liu HM, Kong YF, et al. Association of preoperative 
neutrophil-lymphocyte ratio with acute kidney injury in patients 
with non-cardiac surgery: difference among surgical types. Int 
Urol Nephrol. 2023;55:2647–56.

 34. Zhou F, Lu Y, Xu Y, et al. Correlation between neutrophil-to-
lymphocyte ratio and contrast-induced acute kidney injury and 
the establishment of machine-learning-based predictive models. 
Ren Fail. 2023;45:2258983.

 35. Pan YH, Tsai HW, Lin HA, et al. Early identification of sepsis-
induced acute kidney injury by using monocyte distribution width, 
red-blood-cell distribution, and neutrophil-to-lymphocyte ratio. 
Diagnostics. 2024. https:// doi. org/ 10. 3390/ diagn ostic s1409 0918.

 36. Fan LL, Wang YJ, Nan CJ, et al. Neutrophil-lymphocyte ratio is 
associated with all-cause mortality among critically ill patients 
with acute kidney injury. Clin Chim Acta. 2019;490:207–13.

 37. Zhu J, Zeng C, Zhang L, et al. Red blood cell distribution width 
and neutrophil-to-lymphocyte ratio in predicting adverse out-
comes of acute kidney injury in hospitalized patients. Kidney Dis. 
2020;6:371–81.

 38. Chen JJ, Kuo G, Fan PC, et al. Neutrophil-to-lymphocyte ratio 
is a marker for acute kidney injury progression and mortality in 
critically ill populations: a population-based, multi-institutional 
study. J Nephrol. 2022;35:911–20.

 39. Chawla LS, Bellomo R, Bihorac A, et al. Acute kidney disease and 
renal recovery: consensus report of the acute disease quality initia-
tive (ADQI) 16 workgroup. Nat Rev Nephrol. 2017;13:241–57.

 40. Xiao Z, Huang Q, Yang Y, et al. Emerging early diagnostic meth-
ods for acute kidney injury. Theranostics. 2022;12:2963–86.

 41. Dellepiane S, Marengo M, Cantaluppi V. Detrimental cross-
talk between sepsis and acute kidney injury: new pathogenic 
mechanisms, early biomarkers and targeted therapies. Crit Care. 
2016;20:61.

 42. Jiang J, Liu R, Yu X, et al. The neutrophil-lymphocyte count ratio 
as a diagnostic marker for bacteraemia: a systematic review and 
meta-analysis. Am J Emerg Med. 2019;37:1482–9.

 43. Shao Q, Chen K, Rha SW, et al. Usefulness of neutrophil/lympho-
cyte ratio as a predictor of atrial fibrillation: a meta-analysis. Arch 
Med Res. 2015;46:199–206.

 44. Schupp T, Weidner K, Rusnak J, et al. The neutrophil-to-lympho-
cyte-ratio as diagnostic and prognostic tool in sepsis and septic 
shock. Clin Lab. 2023;69:1.

 45. Wu H, Cao T, Ji T, et al. Predictive value of the neutrophil-to-
lymphocyte ratio in the prognosis and risk of death for adult sepsis 
patients: a meta-analysis. Front Immunol. 2024;15:1336456.

 46. Wang K, Duan CY, Wu J, et al. Predictive value of neutrophil 
gelatinase-associated lipocalin for contrast-induced acute kidney 
injury after cardiac catheterization: a meta-analysis. Can J Car-
diol. 2016;32(1033):e19-29.

 47. Hwang SY, Shin TG, Jo IJ, et al. Neutrophil-to-lymphocyte ratio 
as a prognostic marker in critically-ill septic patients. Am J Emerg 
Med. 2017;35:234–9.

 48. Zhou E, Wu J, Zhou X, Yin Y. The neutrophil-lymphocyte ratio 
predicts all-cause and cardiovascular mortality among US adults 
with rheumatoid arthritis: results from NHANES 1999–2020. 
Front Immunol. 2023;14:1309835.

 49. Wei W, Liu C, Song G, et al. Prognostic value of neutrophil-to-
lymphocyte ratio dynamics in patients with septic acute kidney 
injury: a cohort study. Ren Fail. 2024;46:2343818.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3390/diagnostics14090918

	Predictive and prognostic value of the neutrophil-to-lymphocyte ratio for acute kidney injury: a systematic review and meta-analysis
	Abstract
	Introduction
	Methods
	Study search strategy
	Eligibility criteria and study selection
	Data extraction
	Quality assessment and risk of bias
	Statistical analysis

	Results
	Study identification
	Study characteristics
	Study quality assessment
	Predictive value of the NLR for AKI
	Sensitivity analysis
	Publication bias

	Subgroup analysis
	Prognostic value of the NLR for mortality in AKI patients

	Discussion
	Conclusion
	Acknowledgements 
	References


