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Introduction
Chronic kidney disease (CKD) has emerged 
as one of the most prominent causes of 
death and suffering in the 21st century. 
Although mortality has declined in 
patients with end-stage kidney disease 
(ESKD), the Global Burden of Disease 
(GBD) studies have shown CKD to be a 
leading cause of worldwide mortality.1,2 
Several reports suggest a wide variation in 
CKD prevalence across the region (4.7%–
17.4%).3-6 Untreated, CKD can worsen and 
lead to kidney failure requiring dialysis or 
transplantation. According to the United 
States Renal Data System 2020 Annual Data 
Report, nearly 808,000 people in the United 
States are either on dialysis (69%) or with 
kidney transplants (31%) due to ESKD.7,8 
CKD causes fatigue, fluid retention, and 
sleep disturbances. Patients undergoing 
dialysis have restricted diets and cannot 
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Abstract
Background: Chronic kidney disease (CKD) remains a major cause of mortality. Recent 
studies have demonstrated a correlation between the neutrophil-to-lymphocyte Ratio 
(NLR), which is an inflammatory biomarker, and various chronic diseases. This study aims 
to assess high NLR as a prognostic indicator for all-cause and cardiovascular (CV)-related 
mortality in patients with CKD undergoing hemodialysis (HD). Materials and Methods: This 
systematic review (SR) and meta-analysis (MA) were done based on preferred reporting 
items for systematic reviews and meta-analyses statements 2020. The literature review 
identified 555 studies up to August 2023 from PubMed, EBSCOHost, ProQuest, Cochrane, 
and Google Scholar databases using predetermined keywords. Newcastle-Ottawa Scale 
(NOS) was used to assess the bias of these studies. Data were extracted and MA was 
done using RevMan. Results: Nine and six relevant studies were included for SR and 
MA, respectively. According to NOS risk of bias, all studies showed overall good quality. 
HD patients with high NLR had a significantly increased risk of all-cause mortality (3.83 
times higher) than those with low NLR (95% CI: 1.85-7.93; p=0.0003; I2=83%). Similarly, 
HD patients with high NLR had an increased risk of CV-related mortality (1.19 times) 
than those with low NLR, though not significant (95%CI: 0.82-1.72; p=0.37; I2=60%). 
Conclusion: This study shows a correlation between high NLR values and increased risk of 
all-cause and CV-related mortality in CKD patients undergoing HD (higher ratio than low 
NLR values).
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travel, and this, along with financial and 
spiritual challenges, significantly impacts 
their quality of life.9

HD improves survival in CKD by lowering 
the inflammatory response and the risk 
of comorbidities, resulting in a better 
prognosis. Even with significant technical 
advancements, the mortality rate remains 
10 to 30 times higher than that of the 
general population.10 This elevated 
mortality is partly attributable to the 
prevalence of comorbidities, including 
cardiovascular (CV) disease, diabetes, and 
advanced age.7 Investigating inflammatory 
biomarkers in patients undergoing HD will 
help evaluate disease progression and 
prognosis.

Neutrophil-to-lymphocyte (NLR) is a simple 
biomarker that can describe a functional 
relationship between neutrophils and 
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lymphocytes.11 Neutrophils and lymphocytes provide an 
overview of the innate and adaptive immune systems, 
respectively. Hence, NLR represents systemic infection.12-14 
Higher NLR values are associated with greater inflammation 
and worse prognosis in chronic diseases.15,16 Theoretically, 
HD may inhibit the inflammatory process. Comorbid 
conditions and the aging process can decrease inflammation 
in clinically insignificant amounts. Therefore, assessing 
NLR as an inflammatory biomarker in HD patients may be 
valuable for predicting disease progression and mortality 
outcomes.

Unfortunately, there are currently no systematic studies 
and meta-analyses regarding this. It is reasonable to 
hypothesize that elevated NLR values could be linked to 
the prognosis of CKD patients undergoing HD. This study 
aims to fill this gap by conducting an MA of relevant cohort 
studies to evaluate the association between elevated NLR 
and mortality outcomes in CKD patients on HD.

Materials and Methods
This SR was carried out according to a predetermined 
methodology and submitted under the identification 
number CRD42024569293 in the International Prospective 
Register of Systematic Reviews (PROSPERO). The Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) Statement's recommendations were followed 
in the production of this review. Since, this is systematic 
review and meta-analysis study, it only needs to be 
registered in PROSPERO, and does not require any ethical 
approval or patient consent.

The following electronic databases, Pubmed, EBSCOHost, 
ProQuest, and Cochrane, were searched for indexed 
studies from inception to August 24, 2023. The following 
keywords, their synonyms, and subject headings were used 
to strategize the search: “the neutrophil to lymphocyte 
ratio’ OR ‘the ratio of neutrophil to lymphocyte’ OR ‘NLR’ 
or ‘neutrophil/lymphocyte ratio’, and ‘end-stage renal 
disease’, or ‘hemodialysis’ or ‘hemodialysis on chronic 
kidney disease,” [Supplementary Table 1]. We also manually 
screened references and citation list of the studies to find 
additional ones that could have been missed. Unpublished 
articles were screened from Google Scholar.

This review includes only cohort studies of CKD in adult 
patients (≥18 years) on HD. Studies with high NLR as 
their intervention (thresholds were defined as high and 
low according to included studies), low NLR as their 
comparison, and mortality rate (all-cause and CV-related) 
as their outcome were also allowed. Studies including 
patients with ESRD on peritoneal dialysis or intermittent 
HD were excluded. Studies having subjects with a prior 
history of fever and infections at baseline measurement 
time were excluded to minimize the confounding factors 
affecting NLR value. Studies other than English and Bahasa 
were also excluded.

All-cause and CV-related mortality rates in patients with 
CKD on HD were assessed as primary and secondary 
efficacy outcomes, respectively.

Studies were compiled in Endnote 20, which automatically 
removed duplicates. Two reviewers independently selected 
studies, extracted data, and assessed the risk of bias, 
and a third would resolve any discrepancies. The full-text 
reports were sought if the title and abstract of articles 
were deemed eligible on screening. These reports were 
then re-screened for eligibility. Abstract-only publications 
in conference proceedings were included.

Using a standardized extraction form, the following 
key information was gathered: author (year) as study 
identifier; high and low NLR cut-off for all-cause and CV-
cause mortality in HD patients; baseline characteristics 
of participants such as number of subjects and age; and 
outcome as described above.

The modified NOS version, with a maximum of nine points, 
was used to assess studies for their risk of bias. The tool 
evaluated selection, comparability, and outcome for bias. 
The overall risk of bias was determined, considering 
the results in each domain using agency for healthcare 
research and quality (AHRQ) standard. Disagreements 
between the three reviewers were resolved through 
discussion with a fourth reviewer.

Data synthesis and statistical analysis
Meta-analysis was done using the Review Manager 5.4.1 
provided by the Cochrane Collaboration Network. The 
outcomes were analyzed as dichotomous variables and 
pooled by risk ratio (RR) with 95% confidence interval 
(CI). The inverse variance random-effect model was used, 
accounting for the heterogeneity in the studies. The I2 
statistics and the Cochran Q’s test were used to assess 
the statistical between-study heterogeneity. A P<0.05 and 
I2>50% are indicative of statistically significant heterogeneity. 
The value of I2<50% indicated a lack of heterogeneity in 
this study, and a fixed-effects model was used. According 
to potential heterogeneity variables, subgroup analysis was 
done to eliminate heterogeneity. If statistical heterogeneity 
persisted, a random effect model was carried out. Statistical 
significance was considered for p-values <0.05.

Results
The initial search yielded 555 studies: 316 from PubMed, 
123 from EBSCOhost, 92 from ProQuest, 17 from 
Cochrane, and 7 from Google Scholar. Duplicates were 
removed, and titles and abstracts were screened, giving 
29 studies that were screened based on full-text articles. 
Moreover, 20 studies were excluded on the basis of the 
inclusion and exclusion criteria: 11 studies lacked sufficient 
data, 7 involved non-HD patients, and 2 studies included 
only patients with a history of prior infection. Nine and 
six studies were included for SR and MA, respectively17-25 
[Supplementary Figure 1].
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Description of included studies
This meta-analysis yielded six studies assessing NLR as 
a predictor of mortality in patients undergoing HD. The 
studies were from several countries (America, Turkey, 
Poland, China, and Romania) and were published in the 
years 2016 (1 study), 2019 (2 studies), 2022 (1 study), 
and 2023 (2 studies). In addition, study outcomes were 
followed up from 1 to 60 months. Patients >17 years old 
with CKD, and on regular HD were included in this study. 
Studies that had patients with infection were excluded. 
Detailed characteristics and a qualitative summary of the 
included studies is illustrated in Table 1.

Publication bias
Each study included for systematic review and  meta-
analysis was assessed for quality using the NOS tool. 
Of nine studies, six achieved eight points, and three 
achieved seven out of a nine point maximum score. For 
selection, only one study achieved the full score, and 
the remaining studies achieved three points out of four. 
For comparability, three studies got only one star due to 
unclear blood sampling time. For outcomes, one study did 
not score full points due to the short follow-up duration. 
Overall, nine studies showed good quality based on AHRQ 
standards [Table 2].

Systematic review outcomes
Most studies had a follow-up period >12 months, with 
the longest extending to five years. Only two studies 
had a follow-up duration <12 months. The cut-off values 
for high and low NLR varied among the studies, possibly 
due to differences in the timing of blood collection. 
Additionally, two studies excluded factors like malignancies, 
hematological disorders, connective tissue disorders, 
and other systemic inflammatory conditions that could 
potentially influence NLR values. All studies demonstrated 
a greater all-cause mortality rate in the high NLR group 
than the low NLR group, with eight showing p<0.05 and 
one showing p = 0.059. Five studies demonstrated an 
increased all-cause mortality risk in the high NLR group, 
as measured by the HR. Six studies looked at the mortality 

rates from CV. All studies indicated greater mortality rates 
in the high NLR group than in the low NLR group, with four 
of these studies showing p<0.05 and two showing p>0.05. 
The details of outcomes of included studies have been 
illustrated in Table 3.

Meta-analysis outcomes
All-cause mortality
HD patients with high NLR had an increased all-cause 
mortality risk (3.83 times higher) than those with low 
NLR significantly (95% CI: 1.85-7.93; p=0.0003; I2=83%) 
[Figure 1]. An I2 value of 83% indicated significantly high 
data heterogeneity. This could be due to the different high 
NLR thresholds provided in the included studies. Thus, 
we conduced sensitivity analysis and subgroup analysis to 
provide the best results.

Based on Duval and Tweedie’s trim-and-fill analysis, 
we found that the exclusion of Mureșan et al.’s study24 
resulted in a pooled RR of 2.53 (p < 0.00001) with 
moderate heterogeneity (I2 = 37%) [Figure 2]. This might 
be due to the study’s short follow-up period (1 month), 
resulting in more variable outcome measures, combined 
with different NLR thresholds. Subgroup analysis, regarding 
the most used NLR thresholds, (3.5-3.9) was further done 
to minimize the heterogeneity caused by different NLR 
thresholds.

Based on subgroup analysis limited to NLR threshold 3.5-
3.9, HD patients with high NLR had a significantly increased 
risk of all-cause mortality (2.47 times higher) than those 
with low NLR (95%CI: 1.50-4.07; p=0.0004; I2=65%) [Figure 
3]. The characteristics of the included studies for the all-
cause mortality meta-analysis have been presented in 
Supplementary Table 1.

CV-cause mortality
Like the previous analysis of all-cause mortality, HD 
patients with high NLR had increased CV-caused mortality 
risk (1.19 times higher) than those with low NLR, though 
not significantly (95%CI: 0.82-1.72; p=0.37; I2=60%) 
[Figure 4]. An I2 value of 60% indicated moderate-to-high 

Table 1: Included studies characteristics
Author Year Study 

design
Subject Mean follow-

up duration 
(months)

Minimum duration 
of HD at baseline

NLR value cut-off
Sample 

size
Mean age (years) Low NLR High NLR

Neuen et al.17 2016 Cohort 207 54 ± 11 37 NM < 3.3 ≥ 3.3
Yaprak et al.18 2016 Cohort 80 56.8 ± 18.1 24 3 months < 2.5 ≥ 2.52
Li H et al.19 2017 Cohort 268 48.7 ± 10.9 36 3 months < 3.5 ≥ 3.5
Woziwodzka et al.20 2019 Cohort 84 61.5 60 NM < 3.9 ≥ 3.9
Diaz-Martinez et al.21 2019 Cohort 77 63.2 ± 15.7 12 3 months ≤ 1.75 >1.75
Balboul et al.22 2020 Cohort 554 67.6 ± 14.2 14 2 months NM
Lano et al.23 2022 Cohort 183 65.5 ± 16.3 10 3 months < 3.49 ≥ 3.49
Mureșan et al.24 2022 Cohort 461 64.36 ± 12.14 1 6 months < 8.19 ≥ 8.19
Wang J et al.25 2023 Cohort 240 63.7 ± 13.85 58 6 months < 4 ≥ 4
NLR: Neutrophil-to-lymphocyte ratio, NM: Not mentioned, HD: Hemodialysis. 
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Table 3: Systematic review studies
Author Year Mean Follow 

-up duration 
months)

Cut-off NLR 
value

Blood collected 
time

Outcome
All-cause mortality CV-cause mortality

Neuen et al.17 2016 37 High NLR ≥ 3.3 
Low NLR  
< 3.3

3 months after  
HD

NLR was independently  
associated with all-cause  
mortality with HR of 1.4; 95%  
CI, 1.2–1.6; p=0.0001.

Kaplan-Meier analysis for  
high group NLR in 
cardiovascular-caused 
mortality showed P=0.0040

Yaprak et al.18 2016 24 High NLR ≥ 2.52 
Low NLR  
< 2.52

In the beginning  
of HD session in 
the middle of  
the week

All-cause mortality was higher 
in patients with a high NLR 
compared with a low NLR  
(18.8 vs. 7.5 %, P = 0.031)  
with a HR of 1.536  

NM

Li H et al.19 2017 36 High NLR ≥ 3.5 
Low NLR  
< 3.5

Before initiation 
of the mid-week 
HD session

88 of 268 (32.8%) patients died 
from overall causes with log  
rank 15.28 and P < 0.001 by 
Kaplan-Meier analysis in high 
group NLR with HR of 1.695 
(1.288-2.23)

62 of 88 (70.5%) patients 
died from cardiovascular 
causes with log rank 
43.54 and P < 0.001 by 
Kaplan-Meier analysis in 
high group NLR with HR of 
1.379 (1.162-1.637)

Woziwodzka  
et al.20

2019 60 High NLR ≥ 3.9 
Low NLR  
< 3.9

NM High NLR had higher mortality  
rate compared to low NLR  
(53.6 vs 30.4%; P = 0.039)  
with HR of 2.23 (1.10-4.50)

Low NLR had higher 
mortality rate for CV-cause 
compared to high NLR 
(25.0% vs. 42.9%; P = 0.10)

Diaz-Martinez 
et al.21

2019 12 High NLR >1.75 
Low NLR ≤ 1.75

NM Participants with NLR ≤ 1.75 had 
a 100% survival rate (log rank 
test, P = 0.059) compared with 
participants with NLR > 1.75

NM

Balboul et al.22 2020 14 NM On a mid-week 
day predialysis

The fully adjusted all-cause 
mortality HR using Cox models 
with the time-varying risk effect 
was 1.034 (95% CI 1.01–1.059,  
P = 0.005).

The fully adjusted CV-
cause mortality HR using 
Cox models with the time-
varying risk effect was 
1.039 (95% CI 0.997–
1.084, P = 0.07).

Lano et al.23 2022 10 High NLR ≥ 3.49 
Low NLR  
< 3.49

In the beginning 
of HD session in 
the middle of  
the week

The incidence of death from  
all-cause event was higher in  
high NLR group (38% versus  
18% (P = 0.004))

The incidence of death 
from cardiovascular event 
was higher in high NLR 
group (45% versus 26% (P 
= 0.01))

Mureșan et al.24 2022 1 High NLR ≥ 8.19 
Low NLR  
< 8.19

In the first 24 
hours after 
admission 

The mortality rate was higher  
in the high-NLR groups  
(40.12% vs. 1.97%; p < 0.0001)

NM

Wang J et al.25 2023 58 High NLR ≥ 4  
(G1 and G3 
group) Low  
NLR < 4 (G2  
and G4 group)

NM Mortality rate of high NLR group 
were higher than low NLR group 
(mortality 31/ 69 vs 19/171), 
 and the survival analysis  
indicated that patients with  
high NLR survival has lower 
survival rate than those with  
low NLR (P < 0.001)

Mortality rate of each 
group NLR: G1 (4%), G2 
(6%), G3 (14%), and G4 
(5%) and the survival 
analysis demonstrated a 
lower survival rate in G3 
compared to G1, G2, and 
G4 (P < 0.001)

NLR: Neutrophil-to-lymphocyte ratio, HD: Hemodialysis, NM: Not mentioned, CV: Cardiovascular, HR: Hazard ratios, CI: Confidence interval, 
G1: Group 1, G2: Group 2, G3: Group 3, G4, Group 4.

heterogeneity of data. This could be due to the different 
number of samples and different high NLR thresholds 
provided in included studies. Thus, we conducted 
sensitivity analysis.

Based on sensitivity analysis, the exclusion of Lano et al.’s 
study23 produces no heterogeneity (I2= 0%). However, the 

results were not significant and RR decreased to 0.98 with a 
95% CI of 0.74-1.29 [Figure 5]. Thus, this result needs further 
studies to conclude the association between high NLR and 
CV-cause mortality in HD patients. The characteristics of the 
included studies for the CV-cause mortality meta-analysis 
have been presented in Supplementary Table 2.
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Figure 3: Subgroup analysis hemodialysis with high NLR versus low NLR and the risk of all-cause mortality (NLR threshold 3.5-3.9). 
CI: Confidence interval, IV: Inverse variance, NLR: Neutrophil-to-lymphocyte ratio.

Figure 2: Sensitivity analysis hemodialysis with high NLR versus low NLR and the risk of all-cause mortality (exclude Mureșan et 
al.24). CI: Confidence interval, IV: Inverse variance, NLR: Neutrophil-to-lymphocyte ratio.

Figure 1: Forest plot hemodialysis with high NLR versus low NLR and the risk of all-cause mortality. CI: Confidence interval, IV: 
Inverse variance, NLR: Neutrophil-to-lymphocyte ratio.

Figure 4: Forest plot hemodialysis with high NLR versus low NLR and the risk of CV-cause mortality. CI: Confidence interval, IV: 
Inverse variance, NLR: Neutrophil-to-lymphocyte ratio.

Discussion
NLR is currently being extensively utilized to evaluate the 
prognosis of various illnesses.26-28 This study examines 
several cohort studies of patients with CKD on regular 

HD. These studies utilize NLR as a biomarker to evaluate 
the risk of death from any cause and CV-related causes. 
The results showed that a high NLR was associated with 
an elevated risk of both all-cause and CV mortality when 
compared with a low NLR.
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Elevated NLR readings result from inflammatory disorders, 
which can stem from a range of factors including infection, 
trauma, cancer, and chronic diseases.12 In patients 
undergoing HD, chronic inflammation arises from various 
factors, including uremia, repeated vascular access, and 
oxidative stress associated with dialysis.29 A high NLR, 
characterized by increased neutrophils and decreased 
lymphocytes, indicates heightened inflammation that 
contributes to CV disease, the leading cause of death 
in this population.30 Beyond inflammation, mechanisms 
linking high NLR to CV risk include endothelial dysfunction 
and thrombosis. Neutrophils release ROS and enzymes 
that damage blood vessels, disrupting vascular health.31 
They form neutrophil extracellular traps, promoting 
clot formation and raising the risk of heart attacks and 
strokes. Low lymphocyte counts further weaken immune 
surveillance, increasing vulnerability to infections that 
strain CV health.32 Additionally, metabolic issues common 
in HD patients, such as insulin resistance and dyslipidemia, 
are associated with elevated NLR. Neutrophils drive the 
chronic inflammation underlying these metabolic disorders, 
while reduced lymphocytes hinder the body’s ability to 
mitigate their effects, increasing the mortality risk.33

A previous study has demonstrated NLR’s role as a predictor 
for the severity of sepsis and as a prognostic indicator 
for mortality in patients with sepsis.34 Similarly, several 
studies have reported an association between increasing 
NLR values in CKD and worsening prognosis, leading to 
an escalation of mortality cases.35 High NLR levels reflect 
an intensified systemic inflammatory response, often due 
to tissue damage in patients with chronic inflammatory 
diseases, leading to vascular injury and multiple organ 
failure.28 Numerous cohort studies have reported higher 
mortality rates among CKD patients with elevated NLR, 
particularly with regard to CV-related mortality.36 While 
NLR is a valuable marker for assessing inflammation and 
its systemic impact, it does not replace kidney biomarkers 
such as urea, creatinine, and glomerular filtration rate in 
diagnosing kidney failure.37,38 Instead, NLR complements 
these biomarkers by providing additional prognostic 
information, which is especially beneficial in settings with 
limited access to comprehensive kidney function tests.

This MA is not without limitations. The varied NLR cut-off 
values in the studies pose challenges in determining the NLR 
cut-off. For instance, NLR values of 1.75 and 8.19 represent 
the lowest and highest cut-offs for all-cause mortality risk, 
respectively, while 3.49 and 4.0 (Woziwodzoka et al.,)20 
are the lowest and highest cut-offs for CV-cause mortality 
risk. This is because numerous studies did not exclude 
alternative factors including malnutrition, malignancy, and 
hematological disease contributing to elevated NLR values 
apart from acute infection. The exclusion criteria varied 
across these studies, representing a second limitation. The 
absence of standardized blood sampling times among the 
included studies further contributed to the inconsistency 
in baseline NLR values. This variance complicates the 
determination of the cut-off value. Therefore, we use 
the NLR value ranges from 1.75 to 8.19 and 3.49 to 4 as 
cut-offs to assess all-cause mortality risk and CV-cause 
mortality risk, respectively. Future recommendations 
should aim to identify NLR cut-off values with minimal 
variation. The sensitivity analysis performed in this study 
obtained the lowest heterogeneity (I2=37%) by eliminating 
one study (Mureșan et al.),24 in which the NLR cut-off range 
obtained was 1.7521 to 4 (Wang et al.)25 with RR 2.53. This 
NLR cut-off (1.75 - 4) can be used as a recommendation 
for further research, particularly in assessing the prognosis 
of chronic renal failure patients receiving HD therapy. 
Therefore, identifying the sample, particularly the 
inclusion and exclusion criteria, will pose a challenge in 
obtaining appropriate cut-off values. Since the subject’s 
characteristics are the key factor that determine the cut-
off value of NLR in patients with CKD, it is necessary for 
each country to establish its own recommended threshold. 
Hence, additional investigation is necessary within the 
identical geographical region, specifically targeting a group 
with a significantly higher prevalence of CKD.

In conclusion, this MA has shown the association between 
high NLR value and mortality in HD patients. This study 
has concluded that high NLR is associated with higher 
risk leading to mortality compared to low NLR. High NLR 
significantly increased the risk of all-cause mortality (3.83 
times higher) compared with those with low NLR (95% CI: 
1.85-7.93; p=0.0003; I2=83%) in HD patients, and the risk 
of CV-cause mortality (1.19 times higher) compared with 

Figure 5: Sensitivity analysis hemodialysis with high NLR versus low NLR and the risk of CV-cause mortality (exclude Lano et al.23). 
CI: Confidence interval, CV: Cardiovascular, IV: Inverse variance, NLR: Neutrophil-to-lymphocyte ratio.
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those with low NLR, though not significantly (95%CI: 0.82-
1.72; p=0.37; I2=60%). According to the results, the use of 
NLR might help in planning management of the patients 
with CKD, especially those on routine HD. However, due 
to the high heterogeneity of studies included in this MA, 
further studies regarding this topic are required.
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Identification of studies via databases and registers 

Records identified from*: 
Database: (n=555) 
• PubMed (n = 316) 
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Duplicate records removed (n = 
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Records marked as ineligible by 
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Screening  
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• Insufficient Data: (n=11) 
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• Prior history of infection: (n=2) 
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