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Abstract

Background The correlation between the neutrophil-to-lymphocyte ratio (NLR) and clinical outcomes in patients
with chronic kidney disease (CKD) remains inconsistent.

Methods PubMed, Embase, Web of Science, and the Cochrane Library were searched for relevant literature through
March 8, 2025. All-cause mortality, major adverse cardiovascular events (MACE), cardiovascular death, and progression
to end-stage renal disease (ESRD) or dialysis were evaluated. Odds ratios (OR) and 95% confidence intervals (Cl) were
used for effect estimation.

Results Thirty-six studies involving 26,074 patients were included. Meta-analysis indicated that high NLR was
significantly associated with an increased risk of all-cause mortality (OR=1.22,95% Cl: 1.15-1.29; p <0.00001), MACE
(OR=1.42,95% Cl: 1.14-1.77; p=0.002), cardiovascular mortality (OR=1.21, 95% Cl: 1.09-1.35; p=0.0004), and ESRD
(OR=1.68,95% Cl: 1.17-2.43; p=0.005). NLR levels were significantly higher in patients who died from all causes
(SMD=0.84,95% Cl: 0.58-1.11; p<0.00001) and cardiovascular causes (SMD = 1.44, 95% Cl: 0.77-2.11; p<0.0001)
compared to survivors. Sensitivity and subgroup analyses affirmed the robustness of the results. All indicators were
rated as very low in the GRADE system.

Conclusion NLRis significantly associated with all-cause mortality, MACE, cardiovascular mortality, and adverse
renal outcomes in CKD. The results are relatively stable, but due to high heterogeneity and publication bias, its clinical
application should be approached with caution. Given the study’s limitations, further large-scale prospective studies
are required to confirm the association between NLR and CKD prognosis.

Clinical trial number Not applicable.

Keywords NLR, CKD, Prognostic value

*Correspondence:

Min Zhang

greentea2’77@163.com

'Blood Purification Center, Affiliated Guangdong Hospital of Integrated
Traditional Chinese and Western Medicine of Guangzhou University of
Chinese Medicine, Foshan, Guangdong 528200, China

© The Author(s) 2025. 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 reproduction 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:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1186/s12882-025-04363-1
http://crossmark.crossref.org/dialog/?doi=10.1186/s12882-025-04363-1&domain=pdf&date_stamp=2025-7-28

Xu et al. BMC Nephrology (2025) 26:419

Introduction

Chronic kidney disease (CKD), which affects approxi-
mately 10% of the global population, is a progressive con-
dition associated with increased morbidity and mortality,
particularly due to cardiovascular events and end-stage
renal disease (ESRD) [1]. Early identification of high-risk
patients remains challenging, highlighting the need for
accessible and cost-effective prognostic biomarkers [2].

Studies indicate that a microinflammatory state is
prevalent in advanced CKD and is associated with com-
plications such as anemia, vascular calcification, cardio-
vascular events, and all-cause mortality [3, 4]. Therefore,
the management of chronic inflammation is essential in
the care of patients with CKD.

The neutrophil-to-lymphocyte ratio (NLR), a marker
of systemic inflammation and immune dysregulation,
has emerged as a promising prognostic tool. Elevated
NLR reflects a pro-inflammatory state associated with
endothelial dysfunction and oxidative stress, key mecha-
nisms driving CKD progression [5]. Observational stud-
ies indicate that increased NLR is linked to adverse CKD
outcomes, including rapid renal decline, cardiovascular
mortality, and initiation of dialysis [6]. However, these
findings remain inconsistent, likely due to variations in
study design, population heterogeneity (e.g., age, region,
CKD stages), and limited sample sizes.

Previous meta-analyses, including those by Ao et al's
[7] and Zhao et al. [8], identified NLR as a predictor of
all-cause mortality (Ao: HR 1.93, 95% CI 1.87-2.00,
Zhao: HR 1.45, 95% CI 1.20-1.75) and cardiovascular
events (Ao: HR 1.45, 95% CI 1.18-1.79, Zhao: HR 1.52,
95% CI 1.33-1.72) in CKD. However, these studies had
notable limitations: Ao et al. did not examine the associa-
tion between NLR and ESRD or major adverse cardiovas-
cular events (MACE), nor did they adequately adjust for
confounders such as baseline eGFR or serum creatinine
(Scr). Zhao et al. included a small sample size (n=1,442)
and did not report on ESRD outcomes. Moreover, nei-
ther study conducted stratified analyses, limiting the
ability to identify sources of heterogeneity. More than 18
new cohort studies published since 2021 necessitate an
updated synthesis of the evidence.

This meta-analysis updates the evidence base through
2025 and reassesses the prognostic value of NLR for all-
cause mortality, MACE, and progression to ESRD or dial-
ysis in CKD. Furthermore, subgroup analyses evaluate
heterogeneity based on CKD stage, age, region, and NLR
threshold. Our findings confirm that NLR is significantly
associated with all-cause mortality, MACE, cardiovascu-
lar mortality, and adverse renal outcomes in CKD. Recent
evidence supports the inclusion of NLR in standard CKD
risk stratification protocols.
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Materials and methods

Literature search

This analysis was conducted in accordance with PRISMA
2020 guidelines [9] and registered with PROSPERO
(CRD420251019397). XYJ and CYT independently
developed the search strategy, selecting terms and key-
words to query PubMed, Embase, Web of Science, and
the Cochrane Library up to March 8, 2025. The search
terms included: “Renal Insufficiency, Chronic’, “Chronic
Renal Insufficiencies’, “Chronic Kidney Insufficiency’,
“Chronic Kidney Insufficiencies’, “Chronic Renal Insuf-
ficiency”, “Chronic Kidney Diseases’, “Chronic Kidney
Diseases’, “Chronic Kidney Disease’, “Chronic Renal Dis-
eases’, “Chronic Renal Disease”, “CKD’; “ratio’;, “Lympho-
cytes”, “Lymphoid Cells”, “Lymphoid Cell’; “Neutrophils’,
“Lymphocyte’; “Lymphoid Cells’, “Lymphoid Cell’; “Neu-
trophils’, “Polymorphonuclear Neutrophils’, “Neutrophil’,
“Polymorphonuclear Neutrophils’, “Polymorphonuclear
Neutrophil’, “Polymorphonuclear Leukocyte’, “Polymor-
phonuclear Leukocytes’, “LE Cells’, “LE Cell’, “Neutrophil
Band Cells’, “Neutrophil Band Cell” Table S1 presents the

details of literature searching.

Study selection

Inclusion criteria: (1) CKD patients; (2) Studies evaluat-
ing the prognostic effect of NLR on CKD, with outcomes
including all-cause mortality, MACE, cardiovascular
mortality, or composite renal outcomes (progression to
ESRD or dialysis initiation); (3) Studies providing data
on odds ratios (OR), risk ratios (RR), hazard ratios (HR),
and 95% confidence intervals (CI), or reporting continu-
ous variables as mean +standard deviation (M +SD) or
median * interquartile range (Median + IQR), which could
be directly extracted or calculated from available data; (4)
Patient groups with high and low NLR defined based on
a specified cut-off value; (5) Fully published studies; (6)
Study design limited to cohort or case-control.

Exclusion criteria: (1) Reviews, comments, conference
abstracts, case reports, and letters; (2) Patients without
CKD; (3) Studies lacking data to calculate OR, RR, HR,
or 95% CI; (4) Studies without survival data, MACE, or
composite renal outcomes; (5) Duplicate or overlapping
data. XYJ and CYT independently reviewed titles and
abstracts and downloaded full texts for confirmation.
Disagreements were resolved through discussion.

Data extraction

XY]J and CYT performed data extraction independently,
with disagreements resolved through consensus. The
first author, publication year, country, study type, sam-
ple size, patient age, study duration, detection timing,
cut-off value, follow-up duration, and OR/RR/HR (95%
CIs) or M +SD / Median + IQR for outcomes such as all-
cause mortality, MACE, cardiovascular mortality, and
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composite renal outcomes were extracted. Median + IQR
values were converted to M*SD, and RR/HR (95%
ClIs) were converted to OR (95% ClIs). For studies with
unavailable extractable data, we contacted corresponding
authors to obtain the original data.

Quality assessment

Study quality was assessed using the Newcastle-Ottawa
Quality Assessment Scale (NOS), which evaluates selec-
tion, comparability, and outcomes, with a maximum
score of nine points [10]. Scores 7-9 indicated high qual-
ity, while scores 4—6 indicated moderate quality [11].

Statistical analysis

Pooled ORs with 95% CIs and standardized SMDs were
used to evaluate the prognostic value of NLR in CKD.
Heterogeneity was evaluated using Cochran’s Q and I?
[12], with I?>50% or p<0.1 indicating substantial het-
erogeneity. A random-effects model was applied for all
analyses. Sensitivity and subgroup analyses were con-
ducted to assess result stability and explore sources of
heterogeneity, aiming to minimize confounding. Funnel
plots and Egger’s test were used to evaluate publication
bias, with p<0.05 considered statistically significant. All
analyses were conducted using STATA 15.0 and Review
Manager 5.4 software. Additionally, in accordance with
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the GRADE approach, the certainty of evidence for each
outcome was rated as “high’, “moderate’, “low’; or “very
low” [13].

Results
Study characteristics
A total of 1,324 studies were retrieved from the initial
database search, with 479 excluded due to duplication.
After reviewing titles and abstracts, 777 studies were fur-
ther excluded. Ten studies were excluded due to unavail-
able full texts. Fifty-eight studies were assessed, and 22
were excluded for insufficient data on the primary out-
come. Ultimately, 36 studies [5, 14—48], involving 26,074
patients, were included in this meta-analysis (Fig. 1).
Four continents (America, Asia, Europe, and Oceania)
were represented among the 36 studies. Three studies
[25, 27, 48] each comprised two cohort groups, and one
study [14] included three, yielding a total of 41 research
groups: 40 cohort studies and 1 case-control study. Eng-
lish-language literature published from the inception
of the databases through March 8, 2025, was included.
Eligible studies utilized NLR and included two analysis
groups: death vs. survival, occurrence vs. non-occur-
rence, or high vs. low NLR. Of these, 29 assessed NLR’s
prognostic value for all-cause mortality, 10 for MACE, 7
for cardiovascular mortality, and 7 for ESRD outcomes.
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An overview of the included studies’ characteristics is
presented in Table 1.

Study quality

Thirty-two studies received scores of 7 to 8 on the NOS
scale, indicating high quality, while four studies scored
6 [16, 21, 29, 38], classifying them as medium quality
(Table S2, Table S3).

Meta-analysis results

NLR and all-cause mortality rate

Twenty-nine research groups comprising 20,157 par-
ticipants analyzed both binary and continuous variables.
Twenty-three research groups [5, 16, 19-22, 24-28, 30,
32, 34, 36, 37, 40, 43-45, 47] analyzing binary variables
were included, and a forest plot (Fig. 2A) was generated
for the meta-analysis. Due to substantial heterogene-
ity (I* = 70%, p<0.00001), a random-effects model was
employed (Fig. 2A). The results demonstrated a signifi-
cant association between elevated NLR and increased
all-cause mortality (OR=1.22, 95% CI. 1.15-1.29;
p<0.00001, Fig. 2A).

In the continuous variable analysis, 10 research groups
[18, 22, 28, 31-33, 35, 38, 40, 41] comprising 10,281 par-
ticipants, were included, and a forest plot (Fig. 2B) was
generated. Given the significant heterogeneity (I* = 93%,
p<0.00001), a random-effects model was employed. The
analysis found significantly higher NLR levels in deceased
patients compared to survivors (SMD=0.84, 95% CI:
0.58-1.11; p <0.00001; Fig. 2B).

NLR and MACE incidence

We analyzed the association between NLR and MACE in
10 research groups [14, 17, 23, 26, 39, 47, 48], compris-
ing 4,737 participants. A binary analysis and forest plot
(Fig. 2C) were used for the meta-analysis. Due to sig-
nificant heterogeneity (I*> = 74%, p<0.0001), a random-
effects model was applied. The results demonstrated that
higher NLR was linked to an increased risk of MACE
(OR =1.42, 95% CI: 1.14-1.77; p = 0.002; Fig. 2C).

NLR and cardiovascular mortality rate
We investigated the relationship between NLR and car-
diovascular mortality in six study groups [28, 30, 34, 44,
48], involving 5,575 participants, using both binary and
continuous analyses. A forest plot (Fig. 2D) was gener-
ated for binary outcomes across the six research groups.
Due to significant heterogeneity (I*> = 75%, p=0.001), a
random-effects model was applied (Fig. 2D). The results
demonstrated that higher NLR was significantly linked
to an increased cardiovascular mortality risk (OR=1.21,
95% CI: 1.09-1.35; p=0.0004, Fig. 2D).

We analyzed continuous variables in two study groups
[28, 31] comprising 315 participants and generated a
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forest plot (Fig. 2E) for meta-analysis. Due to signifi-
cant heterogeneity (I* = 77%, p=0.04), a random-effects
model was applied (Fig. 2E). The results showed that NLR
levels were significantly higher in patients who died from
cardiovascular causes compared to those who survived
(SMD =1.44, 95% CI: 0.77-2.11; p < 0.0001; Fig. 2E).

NLR and ESRD outcomes

We investigated the association between NLR and ESRD
incidence in seven research groups [15, 25, 29, 42, 46,
47] involving 3,521 participants, analyzing both binary
and continuous variables. Forest plots summarizing the
meta-analysis results are shown in Fig. 2F. Due to sig-
nificant heterogeneity (I* = 72%, p=0.001), a random-
effects model was applied (Fig. 2F). The results revealed
that higher NLR was associated with increased ESRD risk
(OR=1.68, 95% CI: 1.17-2.43; p =0.005, Fig. 2F).

Subgroup analysis

We conducted subgroup analyses of all-cause mortality,
MACE incidence, and ESRD outcomes according to age,
region, NLR cut-off values, creatinine levels, and study
design (Table 2). Age and NLR cut-offs were stratified by
their medians, while creatinine levels were classified fol-
lowing the 1992 CRF staging criteria from the Chinese
Society of Nephrology [49].

Subgroup analysis of all-cause mortality rate

We conducted a subgroup analysis of all-cause mortality
based on age, region, NLR cut-off value, and creatinine
levels. NLR remained a significant predictor across sub-
groups of age, region, NLR cut-off value. In the subgroup
with an NLR cut-off value<3, I* decreased from 70 to
34%, indicating that the cut-off value contributed to het-
erogeneity in effect size.

In the creatinine staging subgroup, I* decreased to
0% during the renal function compensated stage (2.1-
5.0 mg/dl), indicating that renal function contributed
to heterogeneity. Additionally, in the renal failure stage
(5.1-7.9 mg/dl: p=0.08), NLR’s predictive value was
not significant, whereas it was significant in early CKD
(<1.6 mg/dl: p=0.02, 2.1-5.0 mg/dl: p =0.002). Thus, NLR
predicts all-cause mortality more accurately and consis-
tently in early CKD.

Subgroup analysis of MACE incidence
We analyzed MACE incidence according to age, region,
NLR cut-off values, and study design. When the NLR
cut-off was >3, its predictive value for MACE was not
significant (p>0.05), whereas it was significant in other
subgroups (p <0.05). Heterogeneity did not substantially
decrease.

In the study design subgroup, only one case-con-
trol study was included, which showed no significant
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Fig. 2 Forest plot. (A) Dichotomous variables of all-cause mortality; (B) Continuous variables of all-cause mortality; (C) Dichotomous variables of MACE
incidence; (D) Dichotomous variables of cardiovascular mortality; (E) Continuous variables of cardiovascular mortality; (F) Dichotomous variables of ESRD

outcomes

predictive value of NLR (p=0.22). Conversely, cohort
studies demonstrated a significant predictive value for
MACE (p=0.003), with heterogeneity remaining largely
unchanged.

Subgroup analysis of ESRD outcomes

We analyzed ESRD outcomes by age and region. In the
aged < 55 group, heterogeneity decreased from 72 to 39%,
indicating that age contributed to heterogeneity. NLR
remained a significant predictor across all age groups.
Regarding region, only one European study reported no
statistically significant association between NLR and
ESRD, while in Asian populations, NLR remained a sig-
nificant predictor and heterogeneity decreased to 39%.
These findings suggest that both age and region influence
heterogeneity in ESRD outcomes.

Sensitivity analysis

A sensitivity analysis was performed to evaluate the sta-
bility of our results and the clinical significance of NLR.
Sequentially excluding each study did not substantially
alter the effect size, which remained stable through-
out. This indicates that no individual study was found to

significantly influence the findings for all-cause mortality
(Fig. 3A and B), MACE incidence (Fig. 3C), cardiovascu-
lar mortality (Fig. 3D), or ESRD outcomes (Fig. 3E), dem-
onstrating the reliability of our results.

Publication bias

Publication bias was evaluated using funnel plots and
Egger’s test. Funnel plots demonstrated asymmetry for
all-cause mortality (Fig. 4A and B), cardiovascular mor-
tality (Fig. 4C and D), and ESRD outcomes (Fig. 4E), indi-
cating potential publication bias. In contrast, the funnel
plot for MACE (Fig. 4F) appeared symmetrical, suggest-
ing no bias. Egger’s test confirmed the presence of bias
for all-cause mortality (»p=0.000 and p=0.034), cardio-
vascular mortality (»p=0.019), and ESRD (p=0.001), as
all p-values were below 0.05. For MACE, Egger’s test did
not reveal any notable publication bias (p=0.101). Publi-
cation bias assessment was not conducted for subgroups
with fewer than three studies.
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A Meta—analysis estimates, given named study is omitted

Lower CI Limit Estimate Upper CI Limit

Branco 2022
Fu 2024

Ge 2024
Ginanja 2023
Hendra 2021
Kim 2023a
Kim 2023b
Kim 2025
Lano 2022
Lau 2023a
Lau 2023b
Li2017

Liu 2016
Luo 2024
Neuen 2016
Ozgur 2021
Sastrawan 2020
Sato 2017
Tatar 2016
Woziwodzka 2019
Xiang 2018
Yaprak 2016
Yuan 2018

112 115 1.22 1.29 1.35

C Meta—analysis estimates, given named study is omitted

Lower CI Limit Estimate Upper CI Limit

Abe 2015a

Abe 2015b

Abe 2015¢

Chen 2020

12021

Lano 2022

Solak 2013

Yuan 2018

Zeng 2020a

Zeng 2020b

1.101.14 1.42 1.77 2.04

E

Meta—analysis estimates, given named study is omitted

Lower CI Limit Estimate Upper CI Limit

Altunoren 2019

Kim 2023a

Kim 2023b

Li 2022

Wang 2021

Yoshitomi 2019

Yuan 2018

1.071.17 1.68 243 3.02
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B Meta—analysis estimates, given named study is omitted

Lower CI Limit Estimate Upper CI Limit

Chen 2024

Hendra 2021

Li 2017

Lu2018

Luo 2024

Milosevic 2024

Ouellet 2016

Shankar 2021

Tatar 2016

Valencia 2024

0.50 0.58 0.84 111 1.17

D Meta—analysis estimates, given named study is omitted

Lower CI Limit Estimate Upper CI Limit

Li2017

Liu 2016

Neuen 2016

Xiang 2018

Zeng 2020a

Zeng 2020b
1.06 1.09 1.21 1.35 1.52

Fig. 3 Sensitivity analysis. (A) Dichotomous variables of all-cause mortality; (B) Continuous variables of all-cause mortality; (C) Dichotomous variables of
MACE incidence; (D) Dichotomous variables of cardiovascular mortality; (E) Dichotomous variables of ESRD outcomes

GRADE rating

This study applied the GRADE system to evaluate the
quality of evidence, with all outcomes rated as very low.
Detailed results are presented in Table 3.

Discussion

The neutrophil-to-lymphocyte ratio (NLR), an indica-
tor of systemic inflammation, is linked to CKD pro-
gression and prognosis, including all-cause mortality,

cardiovascular events, and adverse renal outcomes.
Growing research interest reflects NLR’s advantages of
cost-effectiveness, simplicity, rapid availability, and ease
of use in clinical settings. However, definitive evidence
remains insufficient. This study aims to clarify the link
between NLR and CKD outcomes through a comprehen-
sive meta-analysis.

This study demonstrated that NLR predicts all-cause
mortality, MACE incidence, cardiovascular mortality,
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Fig. 4 Funnel plot. (A) Dichotomous variables of all-cause mortality; (B) Continuous variables of all-cause mortality; (C) Dichotomous variables of car-
diovascular mortality; (D) Continuous variables of cardiovascular mortality; (E) Dichotomous variables of ESRD outcomes; (F)Dichotomous variables of

MACE incidence

and ESRD outcomes, with higher NLR levels associated
with increased risks of these events. While continuous
NLR values showed statistically significant differences
across groups, their precise clinical application requires
further validation. Sensitivity analyses confirmed the
stability of these findings. Publication bias was detected
for most outcomes except MACE incidence. Subgroup
analyses indicated that NLR’s predictive value remained
significant and consistent across various sample sizes,
patient ages, geographic regions, and cut-off values.

Regarding study design, cohort studies showed robust
predictive value, whereas the single included case-control
study did not. Future research should prioritize cohort
designs, while additional evidence is needed to evaluate
the utility of case-control studies in this context.

For MACE incidence, when the NLR cut-off is >3, its
predictive value is no longer significant (p>0.05), indi-
cating that the NLR level influences its predictive abil-
ity. Therefore, the NLR value level affects prediction. In
future predictive model development, the cut-off value
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Table 3 GRADE rating of each outcome

GRADE

Dose-

Plausible Mag-

Publica-

Imprecision

Indirectness

Inconsistency

OR/SMD 95%Cl 1% Pvalue Risk of bias

Outcomes

No. of

nitude response
of

confounding

tion bias

study
groups

gradient

effect
No

Very

low

No

Strongly Would not

No serious

No serious

Serious

70%; No serious
risk

1.15,
1.29
0.58,

1.11

All-cause Mortality (Di- 1.22

chotomous Variables)

23

reduce effect
Would not

suspected
Strongly

imprecision

inconsistency indirectness
No serious

P<0.00001

93%;

(2025) 26:419

Very

low

No

No

No serious

Serious

No serious

risk

All-cause Mortality (Con- 0.84

tinuous Variables)

10

reduce effect

Undetected Would not

suspected

imprecision
Serious

indirectness
No serious

inconsistency

Serious

P<0.00001

74%;

Very

low

No

No

No serious

risk

1.14,
1.77

142

MACE (Dichotomous

Variables)

10

reduce effect
Would not

imprecision

indirectness

inconsistency

P<0.0001
75%;
P

Very

low

No

No

No serious Strongly

No serious

Serious

No serious

risk

1.09,
1.35

1

12

Cardiovascular Mortality

reduce effect
Would not

suspected
NA

imprecision

indirectness
No serious

inconsistency

0.001

(Dichotomous Variables)

No Very
low

No

No serious

Serious

No serious

risk

77%;
P

0.77,
2.11

44

1.

Cardiovascular Mortality
(Continuous Variables)
ERSD (Dichotomous

Variables)

reduce effect
Would not

indirectness  imprecision

No serious

inconsistency

0.04

Very

low

No

No

Strongly

Serious

Serious

No serious

risk

72%;
P

1.17,
243

68

1.

7

imprecision  suspected  reduce effect

indirectness

inconsistency

0.001
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can be set above 3. Further studies should explore more
refined subgroupings of NLR cut-off values to identify
the optimal threshold and improve the accuracy of clini-
cal decision-making. Most current studies use receiver
operating characteristic (ROC) curve analysis to deter-
mine optimal cut-off values. For instance, Tang et al. [50]
identified an NLR cut-off of 4.9 (AUC=0.634) for pre-
dicting survival in patients with liver cirrhosis after TIPS
surgery. Some studies have adjusted cut-off values based
on clinical outcomes such as mortality and complica-
tions. For example, Li et al. [51] used a restricted cubic
spline model in a cardiovascular disease study and found
a non-linear relationship between NLR and all-cause
mortality, identifying 2.89 as the optimal cut-off value.

Various factors may impact NLR values, including
age, diet, medications, and chronic conditions, such as
coronary heart disease, stroke, diabetes, obesity, mental
illness, solid organ cancer, anemia, and hypertension.
All of these affect neutrophils and lymphocyte function
and dynamics. In future predictive models, the NLR cut-
off value should be determined by integrating statisti-
cal methods with clinical context, considering disease
type, patient characteristics, and research methodology.
Dynamic evaluation and personalized application are
essential to improve predictive accuracy.

In the subgroup analysis of ESRD outcomes, age and
region were identified as sources of heterogeneity. NLR
significantly predicted ESRD outcomes in the Asian
region subgroup but not in the European subgroup, likely
due to the only one European study being included. The
results suggest that this indicator is applicable to the
Asian population; however, additional studies are needed
to confirm its applicability in the European population.
Future studies should establish more refined subgroups
based on age and region to identify where NLR’s pre-
dictive value is most reliable, thereby improving the
accuracy of ESRD outcome prediction. For instance, age-
stratified studies in Asian populations could be combined
with CKD staging, proteinuria levels, and other clinical
indicators to enable more in-depth research on predict-
ing ESRD outcomes.

All included studies were cohort or case-control in
design, and the GRADE assessment indicated that the
overall quality of evidence was very low. In the future,
multicenter, large-sample, prospective randomized con-
trolled trials should be conducted to generate higher-
quality evidence for clinical practice.

Previous meta-analyses, such as those by Ao et al. [7]
and Zhao et al. [8], reported that NLR predicted all-cause
mortality (Ao: HR 1.93, 95% CI 1.87-2.00, Zhao: HR
1.45, 95% CI 1.20-1.75) and cardiovascular events (Ao:
HR 1.45, 95% CI 1.18-1.79 all-cause mortality, Zhao:
HR 1.52, 95% CI 1.33-1.72 for cardiovascular events) in
patients with CKD. These results are support those of the



Xu et al. BMC Nephrology (2025) 26:419

present study. However, Ao et al. did not investigate the
association between NLR and ESRD or MACE, nor did
they adequately adjust for potential confounders such as
baseline eGFR or serum creatinine (Scr). The sample size
in Zhao et al’s study was relatively small (n=1,442) and
did not evaluate ESRD outcomes.

To address these gaps, the present meta-analysis incor-
porated studies published up to 2025, including newly
available cohort studies since 2021, and for the first time
demonstrated a clear link between NLR and ESRD (OR
1.42, 95% CI: 1.14—1.77), thereby extending the clini-
cal prognostic value of NLR. Notably, stratified analysis
revealed that the predictive efficacy of NLR varied by
region—showing significance in Asian populations but
not in European cohorts—and by NLR cut-off value,
as its predictive ability for MACE was not significant
when the threshold was = 3. These findings highlight the
importance of refining NLR thresholds, a topic insuf-
ficiently explored in previous studies. Furthermore,
the inclusion of updated data and adherence to rigor-
ous methodology—including compliance with PRISMA
2020 guidelines, sensitivity testing, and subgroup analy-
ses—enhanced the robustness of the findings and helped
control for potential sources of heterogeneity. This com-
prehensive evaluation deepens the understanding of
NLR’s role in CKD progression, supports its integration
into CKD risk stratification frameworks, and provides
critical evidence to inform early risk assessment and clin-
ical decision-making in CKD management.

Recent studies have demonstrated a consistent link
between elevated NLR levels and increased all-cause
mortality, underscoring its potential as an independent
prognostic marker. Woziwodzka et al. [43] found that
among patients with end-stage renal disease (ESRD), an
NLR=3.9 significantly predicted 5-year all-cause mor-
tality (HR=2.23, 95% CI: 1.10-4.50, p=0.025). Elevated
NLR may reflect either lymphopenia or neutrophilia—
conditions with distinct pathophysiological implications.
Zamora et al. [52] reported that decreased lymphocyte
counts impair infection resistance and adaptive immu-
nity, while excessive neutrophils may cause tissue damage
through an overactive innate immune response. Elevated
inflammatory markers are associated with poorer prog-
nosis, and observing NLR values can facilitate the identi-
fication of individuals at high risk of mortality.

Schuett et al. [53] reported that cardiovascular diseases
account for 40-50% of total mortality in ESRD patients.
Matsushita et al. [54] emphasized that microinflamma-
tion is a key factor in the onset and progression of CVDs
within this population. Supporting this, Zhu et al. [55]
demonstrated that NLR levels were significantly higher
in hemodialysis patients with cardiovascular complica-
tions compared to those without, and were correlated
with increased myocardial injury markers, including cTnl
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and CK-MB, suggesting NLR’s potential as a predictor of
myocardial injury. Additionally, Roumeliotis et al. [56]
observed a significant positive correlation between NLR
and dp-ucMGP (r=0.43, p<0.0001) in CKD patients.
Sabbagh et al. [57] further confirmed that dp-ucMGP, an
inactive form of matrix Gla protein induced by vitamin K
deficiency or antagonists, is a reliable marker of vascular
calcification (VC) and predicts the incidence and mortal-
ity of cardiovascular diseases. These results collectively
demonstrate that NLR serves as a valuable predictor of
the development, progression, and prognosis of cardio-
vascular diseases in patients with CKD. Additionally,
NLR is also a predictor of adverse renal outcomes. Yoshi-
tomi et al. [46] reported that in non-dialysis patients,
elevated NLR was significantly associated with reduced
eGFR ( =-0.23, p<0.01) and a 1.67-fold increased risk of
progression to dialysis [95% CI (1.02-2.77)].

These findings establish NLR as a reliable predictor of
renal function decline in CKD patients. Lan et al. [58]
and Rashi et al. [59] further demonstrated that elevated
NLR is significantly linked to a more rapid decrease in
eGFR and serves as an independent predictor of renal
function decline, outperforming other markers such as
PLR and SII. Gupta et al. [60] reported that neutrophil
activation leads to DNA depolymerization and histone
citrullination, mediated by histone deaminases such as
peptidyl arginine deiminase 4 (PAD4). This process and
serves as an independent predictor of renal function
decline the formation and release of neutrophil extracel-
lular traps (NETs), which consist of DNA, histones, and
neutrophil-derived proteases such as neutrophil elastase
(NE) and myeloperoxidase (MPO). NETs contribute to
the activation of the NLRP3 inflammasome, promote
glomerular endothelial cell injury and dysfunction, and
accelerate renal function decline in patients with CKD
[58, 60]. Lymphocytes also play a crucial role in CKD
progression by disrupting immune homeostasis. An
imbalance in T cell subsets, characterized by a reduced
Th17/Treg ratio-caused by STATS5 inhibition (leading
to decreased Treg cells) and AhR activation (promoting
Th17 polarization)—along with Breg dysfunction, drives
IL-17-mediated renal interstitial inflammation and auto-
immune damage, thereby accelerating CKD-associated
fibrosis [61—64]. As a result, elevated NLR levels are asso-
ciated with increased renal damage.

Finally, future clinical studies should consider setting
the NLR cutoff value above 3 and further investigate its
optimal threshold. Such research is expected to provide
robust evidence supporting the incorporation of NLR
into existing CKD risk stratification systems, thereby
improving clinical management strategies. However,
relying solely on NLR to predict prognosis is insufficient.
A more comprehensive predictive model should inte-
grate additional patient data, including age, disease stage,
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other laboratory parameters, and immune-inflammatory
markers (e.g., PLR, SI). Among these, NLR should be rec-
ognized as one of the more important and informative
indicators. Furthermore, due to its low cost and ease of
measurement, NLR has potential as a dynamic monitor-
ing tool during hospitalization or follow-up to help iden-
tify CKD patients at increased risk of poor outcomes,
such as all-cause mortality, major adverse cardiovascular
events (MACE), and renal deterioration. This approach
may contribute to the development of a more precise and
adaptive prognostic model, facilitating early identifica-
tion of high-risk individuals and enabling timely, targeted
interventions.

Strengths and limitations

This study represents the largest meta-analysis to date in
terms of sample size, incorporating research published
up to 2025. It also provides an in-depth evaluation of
the quality of evidence through sensitivity and subgroup
analyses.

However, several limitations should be acknowledged.
First, the subgroup analysis failed to identify the sources
of heterogeneity in MACE outcomes. It is speculated that
this variability may be attributed to factors such as geo-
graphic region, serum creatinine levels, and study design.
Second, the included studies are subject to various biases,
including design, selection, and treatment biases. All
studies were cohort or case-control in design, and the
GRADE assessment indicated that the overall quality of
evidence was very low. Moreover, some studies had rela-
tively small sample sizes, which limits the generalizability
of the results. Third, potential confounding factors and
selection bias may have influenced the results. The lack
of detailed data on lifestyle factors, comorbidities, and
treatment regimens could affect NLR values, weaken its
association with key CKD indicators, and reduced the
accuracy of predictions. Finally, the absence of individual
patient data prevents the determination of an optimal
NLR cut-off value. Given these limitations, the results
should be interpreted with caution and in the context of
clinical practice.

Conclusion

Our findings demonstrate that NLR is significantly asso-
ciated with all-cause mortality, MACE incidence, cardio-
vascular mortality, and adverse renal outcomes in CKD.
Sensitivity and subgroup analyses confirmed the robust-
ness of these results. Since publication bias was detected
in several outcomes, excluding MACE, the results,
although promising, should be interpreted with caution.
Given the high heterogeneity, regional imbalance (pre-
dominantly from Asia), and insufficient classification of
NLR cutoff values, future studies should involve multi-
center, large-sample, prospective randomized controlled
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trials. These studies should refine NLR cutoff values to
determine the optimal threshold, thereby providing more
precise evidence for clinical practice. Incorporating NLR
into the existing CKD risk stratification system could
optimize clinical management strategies and serve as a
dynamic monitoring tool to identify CKD patients at high
risk of poor prognosis. This approach would enhance the
precision of prognosis assessments and treatment deci-
sion-making, enabling early identification of high-risk
patients and the development of targeted intervention
strategies.

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512882-025-04363-1.

[ Supplementary Material 1 J

Acknowledgements
Not applicable.

Author contributions

All authors contributed to the study conception and design. Yangjing Xu:
Conceptualization, Methodology, Software, Writing- Original draft, Data
curation, Visualization were performed; Yongtong Chen and Xiaolu Mai:
Investigation, Writing - Original Draft, Writing - Reviewing and Editing were
performed; Min Zhang: Conceptualization, Supervision, Project administration
were performed. All authors read and approved the final manuscript.

Funding
The study did not receive any specific funding from funding agencies in the
public, commercial or non-profit sectors.

Data availability
The data used to support the findings of this study are included within the
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 2 April 2025 / Accepted: 24 July 2025
Published online: 28 July 2025

References

1. Collaboration GCKDJL. Global, regional, and national burden of chronic
kidney disease, 1990-2017: a systematic analysis for the Global Burden of
Disease Study 2017;2021:709-33.

2. Levin A, Tonelli M, Bonventre J, Coresh J, Donner J-A, Fogo AB, et al. Global
kidney health 2017 and beyond: a roadmap for closing gaps in care, research,
and policy. Lancet. 2017;390(10105):1888-917.

3. Agharazii M, St-Louis R, Gautier-Bastien A, Ung RV, Mokas S, Lariviere R,
et al. Inflammatory cytokines and reactive oxygen species as mediators
of chronic kidney disease-related vascular calcification. Am J Hypertens.
2015;28(6):746-55.


https://doi.org/10.1186/s12882-025-04363-1
https://doi.org/10.1186/s12882-025-04363-1

Xu et al. BMC Nephrology

20.

22.

23.

24.

(2025) 26:419

Joharapurkar AA, Patel VJ, Kshirsagar SG, Patel MS, Savsani HH, Kajavadara C,
et al. Prolyl hydroxylase inhibitor desidustat improves anemia in erythropoie-
tin hyporesponsive state. Curr Res Pharmacol Drug Discovery. 2022;3:100102.
Sato H, Takeuchi Y, Matsuda K, Kagaya S, Saito A, Fukami H, et al. Pre-Dialysis
Neutrophil-Lymphocyte ratio, a novel and strong Short-Term predictor of
All-Cause mortality in patients with diabetic nephropathy: results from a
Single-Center study. Therapeutic Apheresis Dialysis. 2017;21(4):370-7.

Aneez FA, Shariffdeen N, Haleem FA, Thangarajah BR, Rasaratnam K. Correla-
tion between neutrophil to lymphocyte ratio and platelet to lymphocyte
ratio with proteinuria in different stages of chronic kidney disease. Egypt J
Intern Med. 2024;36(1).

Ao G, Wang Y, Qi X, Wang F, Wen H. Association of neutrophil-to-lymphocyte
ratio and risk of cardiovascular or all-cause mortality in chronic kidney
disease: a meta-analysis. Clin Exp Nephrol. 2021;25(2):157-65.

Zhao WM, Tao SM, Liu GL. Neutrophil-to-lymphocyte ratio in relation to

the risk of all-cause mortality and cardiovascular events in patients with
chronic kidney disease: a systematic review and meta-analysis. Ren Fail.
2020;42(1):1059-66.

Page MJ, Mckenzie JE, Bossuyt PM, Boutron |, Moher DJSR. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews. 2021;10(1).
Wells G, editor. The Newcastle-Ottawa Scale (NOS) for Assessing the Quality
of Non-Randomised Studies in Meta-Analyses. Symposium on Systematic
Reviews: Beyond the Basics; 2014.

Seong, Rae, Kim K, Sang A, et al. Effect of red, processed, and white meat
consumption on the risk of gastric cancer: An overall and dose response
meta-analysis. 2019.

Higgins JPT, Thompson SG, Decks JJ. Altman DGJBBm]. Measuring inconsis-
tency in meta-analyses. 2003(7414):327.

Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE guidelines:
1. Introduction-GRADE evidence profiles and summary of findings tables. J
Clin Epidemiol. 2011;64(4):383-94.

AbeT, Kato S, Tsuruta Y, Sugiura S, Katsuno T, Kosugi T, et al. Neutrophil/
lymphocyte ratio as a predictor of cardiovascular events in incident

Dialysis patients: a Japanese prospective cohort study. Clin Exp Nephrol.
2015;19(4):718-24.

Altunoren O, Akkus G, Sezal DT, Ciftcioglu M, Guzel FB, Isiktas S, et al. Does
neutrophyl to lymphocyte ratio really predict chronic kidney disease progres-
sion? Int Urol Nephrol. 2019;51(1):129-37.

Branco CG, Duarte |, Gameiro J, Costa C, Marques F, Oliveira J, et al. Presenta-
tion and outcomes of chronic kidney disease patients with COVID-19. Jornal
Brasileiro De Nefrologia. 2022;44(3):321-8.

ChenTL, Yang M. Platelet-to-lymphocyte ratio is associated with cardio-
vascular disease in continuous ambulatory peritoneal Dialysis patients. Int
Immunopharmacol. 2020;78.

ChenY, Nie YF, Wu JY, Li CS, Zheng L, Zhu BX et al. Association between
systemic inflammatory indicators with the survival of chronic kidney disease:
a prospective study based on NHANES. Front Immunol. 2024;15.

Fu S, Huang J, Feng Z, Wang H, Xu H, Wu M, et al. Inflammatory indexes

and anemia in chronic kidney disease: correlation and survival analysis of
the National health and nutrition examination survey 2005-2018. Ren Fail.
2024/46(2):2399314.

Ge HP, Zhang LL, Zhang WW, Yuan QJ, Xiao XC. Neutrophil-to-lymphocyte
ratio predicts poor prognosis in patients with chronic kidney disease-related
pulmonary hypertension: A retrospective study. Medicine. 2024;103(44).
Ginanjar E, Hustrini NM, Mansjoer A, Al Hanif MS. Factors associated with
30-day major adverse cardiovascular event in acute coronary syndrome
patients with Non-Dialysis chronic kidney disease: A retrospective cohort
study. Acta Med Indones. 2023;55(1):10-8.

Hendra H, Vajgel G, Antonelou M, Neradova A, Manson B, Clark SG, et al. Iden-
tifying prognostic risk factors for poor outcome following COVID-19 disease
among in-centre haemodialysis patients: role of inflammation and frailty. J
Nephrol. 2021;34(2):315-23.

Immanuel S, Ginanjar E, Nurtyas FIP, Sukartini N, Yusra Y, Pasaribu MMBR. The
role of neutrophil lymphocyte ratio as a major adverse cardiac events predic-
tor and its correlation with coronary severity in acute coronary syndrome
patients with chronic kidney disease: A case control and cross-sectional
study. Open Access Macedonian J Med Sci. 2021;9(B):1758-63.

Kim HK, Jun H, Ko SY. Neutrophil-to-lymphocyte ratio as a predictor for early
mortality in older patients requiring Hemodialysis; insights for Hemodialysis
access planning. BMC Nephrol. 2025;26(1):2.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 15 of 16

Kim J, Song SH, Oh TR, Suh SH, Choi HS, Kim CS, et al. Prognostic role of the
neutrophil-to-lymphocyte ratio in patients with chronic kidney disease.
Korean J Intern Med. 2023;38(5):725-33.

Lano G, Sallée M, Pelletier M, Bataille S, Fraisse M, McKay N, et al.
Neutrophil:lymphocyte ratio correlates with the uremic toxin indoxyl sulfate
and predicts the risk of death in patients on hemodialysis. Nephrology,
dialysis, transplantation: official publication of the European Dialysis and
transplant association -. Eur Ren Association. 2022,37(12):2528-37.

Lau LFS, Ng JKC, Fung WWS, Chan GCK, Cheng PM, Chow KM, et al. Relation-
ship between serial serum Neutrophil-Lymphocyte ratio, cardiovascular
mortality, and All-Cause mortality in Chinese peritoneal Dialysis patients.
Kidney Blood Press Res. 2023;48(1):414-23.

Li H, Lu X, Xiong R, Wang S. High Neutrophil-to-Lymphocyte ratio predicts
cardiovascular mortality in chronic Hemodialysis patients. Mediat Inflamm.
2017;2017:9327136.

LiQ Shis, Liu L, Lv J, Zhu L, Zhang H. Neutrophil-to-lymphocyte ratio as an
independent inflammatory indicator for poor renal prognosis in adult IgA
vasculitis with nephritis. Int Immunopharmacol. 2022;111:109178.

Liu X, Huang R, Wu H, Wu J,Wang J, Yu X, et al. Patient characteristics and risk
factors of early and late death in incident peritoneal Dialysis patients. Sci Rep.
2016;6:32359.

Lu XX, Wang SX, Zhang GZ, Xiong RF, Li H. High Neutrophil-to-Lymphocyte
ratio is a significant predictor of cardiovascular and All-Cause mortal-

ity in patients undergoing peritoneal Dialysis. Kidney Blood Press Res.
2018;43(2):490-9.

Luo JJ, Zhou YF, Song Y, Wang DS, Li MH, Du XL et al. Association between
the neutrophil-to-lymphocyte ratio and in-hospital mortality in patients with
chronic kidney disease and coronary artery disease in the intensive care unit.
Eur J Med Res. 2024;29(1).

Milosevic T, Naumovic R, Sopic M, Vekic J, Guzonjic A, Pesic S, et al. COVID-19
increases mortality in Hemodialysis patients: exploring links with inflamma-
tion and telomere attrition. Mol Biol Rep. 2024;51(1):938.

Neuen BL, Leather N, Greenwood AM, Gunnarsson R, Cho Y, Mantha ML.
Neutrophil-lymphocyte ratio predicts cardiovascular and all-cause mortality
in Hemodialysis patients. Ren Fail. 2016;38(1):70-6.

Ouellet G, Malhotra R, Penne EL, Usvyat L, Levin NW, Kotanko P. Neutrophil-
lymphocyte ratio as a novel predictor of survival in chronic Hemodialysis
patients. Clin Nephrol. 2016;85(4):191-8.

Ozgur Y. Relationship between vitamin d deficiency, albuminuria, peripheral
artery disease and 5-year mortality in chronic kidney disease. J Coll Physicians
Surg Pakistan. 2021,31(6):644-50.

Sastrawan IPY, Shalim CP. Association between neutrophil-to-lymphocyte
ratio and platelet-to-lymphocyte ratio with 1-year mortality in Hemodialy-
sis patient in Wangaya regional general hospital. Asian J Pharm Clin Res.
2020;13(1):50-2.

Shankar M, Narasimhappa S, MuddeGowda MK, Siddappa MN, Ramprasad K,
Lingaraj U. Coronavirus disease 2019 and chronic kidney disease - A clinical
observational study. Saudi journal of kidney diseases and transplantation:

an official publication of the Saudi center for organ transplantation. Saudi
Arabia. 2021;32(3):744-53.

Solak Y, Yilmaz MI, Sonmez A, Saglam M, Cakir E, Unal HU, et al. Neutrophil to
lymphocyte ratio independently predicts cardiovascular events in patients
with chronic kidney disease. Clin Exp Nephrol. 2013;17(4):532-40.

Tatar E, Mirili C, Isikyakar T, Yaprak M, Guvercin G, Ozay E, et al. The association
of neutrophil/lymphocyte ratio and platelet/lymphocyte ratio with clinical
outcomes in geriatric patients with stage 3-5 chronic kidney disease. Acta
Clin Belg. 2016;71(4):221-6.

Valencia VC, de la Orizaga C, Lagunas-Rangel FA. Association of neutrophil/
lymphocyte and platelet/lymphocyte ratios with inflammation and survival
in Mexican patients on chronic hemodialysis. Therapeutic apheresis and
Dialysis. Official peer-reviewed J Int Soc Apheresis Japanese Soc Apheresis
Japanese Soc Dialysis Therapy. 2024;28(6):880-5.

Wang SQ, Dong LQ, Pei GQ, Jiang Z, Qin AY, Tan JX et al. High Neutrophil-to-
lymphocyte ratio is an independent risk factor for end stage renal diseases in
IgA nephropathy. Front Immunol. 2021;12.

Woziwodzka K, Dziewierz A, Pawica M, Panek A, Krzanowski M, Gotasa P, et
al. Neutrophil-to-lymphocyte ratio predicts long-term all-cause mortal-

ity in patients with chronic kidney disease stage 5. Folia Med Cracov.
2019;59(4):55-70.

Xiang FF, Chen RY, Cao XS, Shen B, Liu ZH, Tan X, et al. Monocyte/lymphocyte
ratio as a better predictor of cardiovascular and all-cause mortality in Hemo-
dialysis patients: A prospective cohort study. Hemodial Int. 2018;22(1):82-92.



Xu et al. BMC Nephrology

45.

46.

47.

48.

49.

50.

52.
53.

54.

55.

(2025) 26:419

Yaprak M, Turan MN, Dayanan R, Akin S, Degirmen E, Yildinm M, et al. Platelet-
to-lymphocyte ratio predicts mortality better than neutrophil-to-lymphocyte
ratio in Hemodialysis patients. Int Urol Nephrol. 2016;48(8):1343-8.
Yoshitomi R, Nakayama M, Sakoh T, Fukui A, Katafuchi E, Seki M, et al. High
neutrophil/lymphocyte ratio is associated with poor renal outcomes in
Japanese patients with chronic kidney disease. Ren Fail. 2019;41(1):238-43.
Yuan Q Wang J, Peng Z, Zhou Q, Xiao X, Xie Y, et al. Neutrophil-to-lymphocyte
ratio and incident end-stage renal disease in Chinese patients with chronic
kidney disease: results from the Chinese cohort study of chronic kidney
disease (C-STRIDE). J Translational Med. 2019;17(1):411.

ZengY, Chen Z, Chen Q, Zhan X, Long H, Peng F, et al. Neutrophil to lym-
phocyte ratio predicts adverse cardiovascular outcome in peritoneal Dialysis
patients younger than 60 years old. Mediat Inflamm. 2020;2020:4634736.
Lishan H, Xiaogang W. Internal Medicine, 7th Edition: Fourth Military Medical
University Press; 2008.

Tang HH, Zhou LF, Wang CX, Zha Y, Fan C, Zhong BY, et al. The value of Neu-
trophil-to-Lymphocyte ratio in predicting mortality after transjugular intrahe-
patic portosystemic shunt placement. J Inflamm Res. 2024;17:5211-21.

Li X, Liu M, Wang G. The neutrophil-lymphocyte ratio is associated with
all-cause and cardiovascular mortality in cardiovascular patients. Sci Rep.
2024;14(1):26692.

Zamora C, Canto E, Vidal S. The dual role of platelets in the cardiovascular risk
of chronic inflammation. Front Immunol. 2021;12:625181.

Schuett K, Marx N, Lehrke M. The Cardio-Kidney patient: epidemiology, clini-
cal characteristics and therapy. Circul Res. 2023;132(8):902-14.

Matsushita K, Ballew SH, Wang AY, Kalyesubula R, Schaeffner E, Agarwal R.
Epidemiology and risk of cardiovascular disease in populations with chronic
kidney disease. Nat Rev Nephrol. 2022;18(11):696-707.

Zhu X, Li G, Li S, Gong Z, Liu J, Song S. Neutrophil-to-lymphocyte ratio

and red blood cell distribution width-to-platelet ratio predict cardiovas-
cular events in Hemodialysis patients. Experimental Therapeutic Med.
2020,20(2):1105-14.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Page 16 of 16

Roumeliotis S, Roumeliotis A, Dounousi E, Eleftheriadis T, Liakopoulos V.
Chapter Four - Biomarkers of vascular calcification in serum. In: Makowski GS,
editor. Adv Clin Chem. 2020;98:91-147. Elsevier.

Sabbagh S, Adatorwovor R, Kirakodu S, Rojas-Ramirez MV, Al-Sabbagh

M, Dawson D, et al. Periodontal inflammatory and microbial profiles in
healthy young African Americans and Caucasians. J Clin Periodontol.
2024;51(7):895-904.

Lan DTN, Coradduzza D, Van An L, Paliogiannis P, Chessa C, Zinellu A, et al.
Role of blood cell indexes in progresses to ESRD. Indian J Clin Biochemistry:
1JCB. 2025;40(2):307-15.

Rashid |, Tiwari P, D'Cruz S, Jaswal S. Prognostic importance of neutrophil-
lymphocyte ratio in non-dialysis chronic kidney disease patients—a hospital-
based prospective cohort. Explor Med. 2023;4(3):299-313.

Gupta A, Singh K, Fatima S, Ambreen S, Zimmermann S, Younis R, et al. Neu-
trophil extracellular traps promote NLRP3 inflammasome activation and glo-
merular endothelial dysfunction in diabetic kidney disease. 2022;14(14):2965.
Oleinika K, Mauri C, Salama AD. Effector and regulatory B cells in immune-
mediated kidney disease. Nat Rev Nephrol. 2019;15(1):11-26.

Parasar B, Chang PV. Engineered Th17 cell differentiation using a photoacti-
vatable immune modulator. J Am Chem Soc. 2020;142(42):18103-8.

Zheng Y, Gu Z, Shudde CE, Piper TL, Wang X, Aleck GA, et al. An engi-

neered viral protein activates STATS to prevent T cell suppression.
2025;10(107):eadn9633.

Polonio CM, McHale KA, Sherr DH, Rubenstein D, Quintana FJ. The Aryl hydro-
carbon receptor: a rehabilitated target for therapeutic immune modulation.
Nat Rev Drug Discovery. 2025.

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



	﻿Prognostic value of neutrophil-to-lymphocyte ratio for the clinical outcomes of chronic kidney diseases: an update systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Literature search
	﻿Study selection
	﻿Data extraction
	﻿Quality assessment
	﻿Statistical analysis

	﻿Results
	﻿Study characteristics
	﻿Study quality
	﻿Meta-analysis results
	﻿NLR and all-cause mortality rate
	﻿NLR and MACE incidence
	﻿NLR and cardiovascular mortality rate
	﻿NLR and ESRD outcomes


	﻿Subgroup analysis
	﻿Subgroup analysis of all-cause mortality rate
	﻿Subgroup analysis of MACE incidence
	﻿Subgroup analysis of ESRD outcomes

	﻿Sensitivity analysis
	﻿Publication bias
	﻿GRADE rating
	﻿Discussion
	﻿Strengths and limitations
	﻿Conclusion
	﻿References


