
R E S E A R C H Open Access

© 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 ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​
v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​​i​c​e​​n​s​e​s​​/​b​​y​-​n​c​-​n​d​/​4​.​0​/.

Xu et al. BMC Nephrology          (2025) 26:419 
https://doi.org/10.1186/s12882-025-04363-1

BMC Nephrology

*Correspondence:
Min Zhang
greentea277@163.com
1Blood Purification Center, Affiliated Guangdong Hospital of Integrated 
Traditional Chinese and Western Medicine of Guangzhou University of 
Chinese Medicine, Foshan, Guangdong 528200, China

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 (CI) 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% CI: 1.15–1.29; p < 0.00001), MACE 
(OR = 1.42, 95% CI: 1.14–1.77; p = 0.002), cardiovascular mortality (OR = 1.21, 95% CI: 1.09–1.35; p = 0.0004), and ESRD 
(OR = 1.68, 95% CI: 1.17–2.43; p = 0.005). NLR levels were significantly higher in patients who died from all causes 
(SMD = 0.84, 95% CI: 0.58–1.11; p < 0.00001) and cardiovascular causes (SMD = 1.44, 95% CI: 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  NLR is 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.
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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.

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
XYJ 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% 
CIs) were converted to OR (95% CIs). 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 I² 
[12], with I² > 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 

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. 

Fig. 1  Flow chart of literature screening
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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 (I² = 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 (I² = 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 (I² = 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 (I² = 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 

forest plot (Fig.  2E) for meta-analysis. Due to signifi-
cant heterogeneity (I² = 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 (I² = 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, I² decreased from 70 to 
34%, indicating that the cut-off value contributed to het-
erogeneity in effect size.

In the creatinine staging subgroup, I² 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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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.

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
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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, 

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
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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 

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
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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 Ta
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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 cTnI 

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 (β = -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 STAT5 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 

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.
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