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Abstract

Background It is currently controversial whether neutrophil-to-lymphocyte ratio (NLR) has a prognostic role in patients
with chronic kidney disease (CKD). We aimed to investigate whether NLR was an independent predictor of cardiovascular
or all-cause mortality in CKD patients with or without hemodialysis by performing a meta-analysis.

Methods Pubmed, Embase, and Cochrane Library databases are systematically searched for relevant literature that inves-
tigated NLR and subsequent cardiovascular or all-cause mortality risk in CKD with or without dialysis. Pooled hazard risk
(HR) with 95% confidence interval (CI) was calculated for the high vs. low NLR category.

Results A total of thirteen studies enrolling 116,709 patients were identified and analyzed. In summary, high NLR was asso-
ciated with an increased risk of all-cause mortality (HR 1.93,95% CI 1.87-2.00; P <0.00001) and cardiovascular mortality
(HR 1.45,95% CI 1.18-1.79, P <0.001). Subgroup analysis indicated that high NLR are independently associated with
all-cause mortality risk in dialysis patients (HR 1.94, 95% CI 1.87-2.01; P <0.00001).

Conclusions This meta-analysis indicates a high NLR is related to all-cause mortality and cardiovascular mortality in patients
with chronic kidney disease. Dialysis patients with high NLR are candidates at high risk of mortality to allow for earlier
interventions. Further large scale and more rigorously designed studies are warranted to confirm the prognostic value of
NLR in the different stages of CKD.
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Introduction

Chronic kidney disease (CKD) is an increasing health
problem which affects 10.8—-16% of the population in the
world [1, 2]. CKD is a progressive disease without effective
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treatment, when it progresses to end-stage renal disease
(ESRD), patients require renal replacement therapy includ-
ing hemodialysis, peritoneal dialysis, and kidney transplant.
People with CKD had increased risk of progressive renal
failure, cardiovascular events, and mortality [3, 4], which
is partly due to microinflammatory state afflicting patients
with CKD and dialysis [5]. Studies have shown that patients
with CKD tend to have high levels of inflammatory media-
tors, including high-sensitivity C-reactive protein, interleu-
kin (IL)-6 and tumor necrosis factor-a [6]. These mediators
stimulate mesangial, endothelial cell, and fibroblast, which
produce large amounts of extracellular matrix, and then
result in glomerular hypertension, tubulointerstitial fibrosis,
and renal scaring [7, 8]. Inflammation is also a key factor
in the initiation and progression of atherosclerosis and pro-
moting cardiovascular mortality via leukocyte adhesion and
infiltration of the vascular endothelium [9, 10].
Neutrophil-to-lymphocyte ratio (NLR) is a composite
inflammatory marker calculated by dividing the neutrophil
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count by the lymphocyte count in peripheral blood. The neu-
trophil count represents innate immune, while the lympho-
cyte count indicates adaptive immune and nutrition [11-13].
The variation of NLR provides information on the change
of immune system and the inflammation response. Previ-
ous literature revealed that NLR is a potential useful marker
for determining inflammatory status and an elevated NLR
plays an important role in predicting mortality for patients
with tumors and cardiovascular diseases [14—17]. As for kid-
ney disease, NLR has been developed as a complementary
prognostic marker for assessing the cardiovascular risk in
patients with stage 3—5 CKD. In addition, it is suggested
that NLR are associated with the renal outcomes in CKD
stage 1-4 [18]. Studies have shown that an increase in neu-
trophil count with a reduction in lymphocyte counts predicts
adverse outcomes in hemodialysis patients [19] as well as
peritoneal dialysis patients [20]. Therefore, early risk strati-
fication for mortality is essential in those patients. However,
the quality of these studies varies, some of these studies
have small sample size, and the etiologies of CKD are also
different. To the best of our knowledge, there exists no meta-
analysis that addressed the relationship between NLR and
mortality among patients with CKD with or without dialy-
sis. As consistent and definitive data are not available, our
study aims to use meta-analysis of the available evidence to
investigate whether high NLR could predict cardiovascular
or all-cause mortality in CKD patients.

Methods
Search strategy

This meta-analysis was conducted in accord with the
PRISMA guidelines [21]. An electronic search of the
PubMed, Embase, and Cochrane Library databases was
searched from their inception to May 1st, 2020 with no
language restrictions. The following key words and/
or medical subject heading terms searched were used:
(neutrophil to lymphocyte ratio OR neutrophil/lymphocyte
ratio OR neutrophil lymphocyte ratio) AND (chronic kidney
disease OR renal insufficiency OR end-stage renal disease
OR renal replacement therapy OR dialysis) AND (mortality
OR death OR prognosis). A manual search of related articles
was performed to expand the search range.

Study selection

Two independent investigators (GA and YW) performed the
initial screening of titles and abstracts. Full-length articles
of identified studies were retrieved. The inclusion criteria
in our meta-analysis were as follows: (1) the prognostic
significance of peripheral blood NLR for CKD with or
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without undergoing hemodialysis was assessed; (2) risk
ratio (RR) or hazard ratio (HR) and their 95% confidence
interval (CI) comparing high NLR to low NLR was
available, or data regarding outcomes from which it could
be evaluated; (3) outcome measures were cardiovascular or
all-cause mortality. Studies were excluded if they were (1)
case reports, conference abstracts, editorials, nonclinical
studies, and reviews; and (2) duplicated publications. If the
same patient population was provided in a few articles, we
selected only the most comprehensive study.

Data extraction and quality assessment

The studies that fulfilled our inclusion criteria were
independently extracted by two main investigators (GA
and YW). Disagreements between the reviewers were
resolved by discussion and consensus. The extracted
data were as follows: name of the first author, the year of
publication, study design, region, number of participants,
age of patients, percentage of male participants, primary
outcomes, hazard ratio, and 95% CI and follow-up duration.
The primary endpoints were long-term all-cause mortality
and cardiovascular mortality. Risk of bias/quality of studies
was assessed using the Newcastle—Ottawa Scale (NOS)
by two independent investigators (YW and QX) [22]. The
studies are evaluated on three ways using the NOS, namely
comparability, selection, and outcome confirmation. The
maximum score is nine stars, and NOS scores greater than
6 is considered of high quality [22]. This study is registered
with PROSPERO, number CRD 42020177106.

Statistical analysis

The collected data from the included studies were analyzed
using the RevMan 5.3 (Cochrane Collaboration) and Stata
12.0 (StataCorp). Reported HRs and 95% Cls were extracted
from included studies. Hazard ratios (HRs) with 95%
CIs were used as the summary estimate for dichotomous
outcomes. Heterogeneity among studies was evaluated using
Cochran’s Q test and the I? statistic, with an I? less than
25%, 25% to 50%, and greater than 50% indicating low,
moderate, and high heterogeneity, respectively. The fixed
effect model (Mantel-Haenszel) was applied to calculate
pooled estimates among studies, when low and moderate
heterogeneity exists. When substantial heterogeneity
existed, the random-effect model (DerSimonian and Laird)
was preferred. Sensitivity analysis was conducted to
investigate the stability of the outcome and was performed
by sequentially excluding 1 study at a time. If substantial
heterogeneity was presented in the meta-analysis, subgroup
analyses and meta-regression were conducted to identify the
potential sources of heterogeneity. Subgroup analyses were
performed according to a priori groupings related to study
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design (retrospective compared with prospective studies),
region (studies performed in the Asian countries compared
with studies performed outside of Asian countries),
number of participants (<200 compared with > 200), cutoff
value of NLR (>3 compared with < 3), and patients type
(dialysis compared with dialysis plus nondialysis CKD). To
investigate whether publication bias affects the validity of the
overall estimates, funnel plots were constructed and assessed
by Begg’s and Egger’s tests. (P <0.10 was considered
indicative of statistically significant heterogeneity). P <0.05
was considered statistically significant.

Results

Identification of relevant studies

Through the literature search, a total of 124 potentially eligi-
ble studies were identified based on the predefined selection

criteria, with 2 studies identified through manual search-
ing of reference lists from these articles. After removal of

duplicates, a review of the titles and abstracts of 78 articles
was performed and then 54 studies were further excluded
after screening the titles and abstracts. A total of 24 articles
were obtained and read in full. Of these, a further 11 studies
were excluded including 5 with insufficient data, three that
were reviews or letters, three that did not provide survival
analysis. Ultimately, 13 studies [23-35], comprising 116,709
patients with chronic kidney disease, were included in this
meta-analysis. The process of study retrieval is summarized
in Fig. 1.

Study characteristics and quality assessment

The demographic data of the patients in the included trials
is present in Table 1. Among the 13 included studies, there
were 3 studies from USA, 4 from China, 3 from Turkey, 1
from Japan, 1 from Australia, and 1 from Poland. Six stud-
ies [23-25, 30, 33, 34] had prospective designs. The cut-
off values ranged from 1.75 to 3.9 in the included trials,
with an average value of 3.13. Only one study divided the
patients into two groups with respect to increased NLR and

Records excluded based on
evaluation of titles and abstracts

Full-text articles excluded:

¢ Without sufficient data (n= 5)
* Reviews or letters (n = 3)

* Not survival analysis (n = 3)

Fig. 1 Flow diagram of literature search and study selection
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stable NLR without a cutoff value, and their basal NLR was
3.15+1.76 [29]. One study enrolled patients with peritoneal
dialysis [23]. Six studies [23, 26, 30-33] included patients
undergoing hemodialysis, and the other studies included
dialysis plus nondialysis CKD population. Twelve trials
provided NLR data for predicting CKD from multivariate
logistic regression analysis. One study by Catabay et al.
enrolled more than 10,0000 hemodialysis patients, which
is the largest number of patients among the included stud-
ies [31]. Twelve studies [23, 24, 26-35] used long-term all-
cause mortality as the primary outcome; six studies [23, 25,
26, 32, 34, 35] used cardiovascular mortality as primary
outcome. Included studies included confounding factors
used in multivariate analyses, such as age, gender, systolic
blood pressure, medical history of cardiovascular disease,
and inflammatory markers. Five studies included C-reactive
protein (CRP) as confounding factors in their multivariate
analyses [24-26, 28, 32]. The quality of the included stud-
ies was high, with scores ranging from 8 to 9. The average
number of NOS scores was 8.692.

Association of high NLR and all-cause mortality

A total of twelve included studies (116,623 patients)
assessed the association of high NLR and all-cause mortal-
ity. As shown in Fig. 2, patients with high NLR was associ-
ated with increased risk of all-cause mortality (HR 1.93;
95% CI 1.87-2.00; P <0.00001) compared with those with
low NLR in a fixed effects model with low heterogeneity
across studies (I>=6%; P=0.39). The subgroup analysis
according to the cutoff value of NLR revealed that the sub-
group analysis revealed that a high NLR is associated with
long-term all-cause mortality in patients with CKD in trials
with cutoff value of NLR >3 (HR 2.5, 95% CI 1.67-3.37)

Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight 1V, Fixed, 95% CI Year
1.5496 0.6142 0.1% 4.71[1.41,15.70] 2012
3.51[1.36, 9.08] 2013
1.54[0.39, 6.10] 2016
2.23[1.03, 4.83] 2016
1.69[1.12, 2.55] 2016
2.12[1.01, 4.45] 2016
1.40[0.93, 2.11] 2016
1.70[1.29, 2.23] 2017
1.94[1.87,2.01] 2017
1.76 [1.04, 2.99] 2019
3.86[1.92,7.77] 2019
1.67 [0.89, 3.13] 2019

An 2012

Solak 2013 1.2548 0.4852 0.1%
Yaprak 2016 0.4292 0.7033 0.1%
Chen 2016 0.802 0.3941 0.2%
Ouellet 2016 0.5247 0.2099 0.8%
Tatar 2016 0.7514 0.3783 0.2%
Neuen 2016 0.3365 0.2099 0.8%
Li 2017 0.5277 0.1401 1.7%
Catabay 2017 0.6627 0.0188 95.0%
Woziwodzka 2019 0.568 0.2682 0.5%
Diaz-Martinez 2019 1.3514 0.3568 0.3%
Yuan 2019 0.5128 0.3211 0.3%

Total (95% ClI) 100.0%
Heterogeneity: Chi2 = 11.68, df = 11 (P = 0.39); 1= 6%
Test for overall effect: Z = 36.01 (P < 0.00001)

1.93 [1.87, 2.00]

and in those in trials with cutoff values of NLR <3 (HR
1.93, 95% CI 1.86-2.00). The shape of the funnel plots
showed some asymmetry (Fig. 3), but both of the Begg’s
test (P=0.451) and the Egger’s test (P=0.995) did not show
evidences of significant publication bias.

Association of high NLR and cardiovascular
mortality

Six studies [13-15, 17] assessed the association of high
NLR and cardiovascular mortality. A total of 1,684 patients
were included. As shown in Fig. 4, patients with high NLR
was associated with increased risk of cardiovascular mor-
tality (HR 1.45, 95% CI 1.18-1.79, P<0.001) compared
with those with low NLR in a random-effect model with
high heterogeneity across studies (/>=63%; P=0.02). Sen-
sitivity analyses by omitting each study at a time did not
significantly change the direction of the overall effect size.
Evidences of publication bias were not found according to
the Begg’s test (P=0.15) and the Egger’s test (P=0.12).

Subgroup and sensitivity analysis on all-cause
mortality

As shown in Table 2, a subgroup analysis was conducted
on the basis of the latent confounding factors, such as
patient type, study design, cutoff value of NLR, sample
size, and region. The association between high NLR and
increased risk of all-cause mortality was significant not only
in dialysis patients (HR 1.94; 95% CI 1.87-2.01), but also
in the dialysis plus nondialysis CKD population (HR 1.88,
95% CI 1.47-2.41). Stratification by study design revealed
that high NLR predicted increased all-cause mortality in
prospective studies (HR 2.66, 95% CI 1.82-3.89) and in

Hazard Ratio
1V, Fixed. 95% CI

—
JRE—
I
J—

-H

0.01 0.1 10 100
Favours High NLR Favours Low NLR

-

Fig. 2 Forest plots showing HR and 95% CI of all-cause mortality comparing high NLR with low NLR
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Fig.4 Forest plots showing HR and 95% CI of cardiovascular mortality comparing high NLR with low NLR

retrospective ones (HR 1.93, 95% CI 1.86-2.20). Results of
the subgroup analysis on the basis of sample size suggested
that high NLR was connected with increased risk of all-
cause mortality when the sample size was >400 (HR 1.93,
95% CI 1.87-2.21) and sample size <400 (HR 1.94, 95% CI
1.52-2.49). In addition, the association between NLR and
all-cause mortality risk was consistently found in the region
subgroups. We noticed that the study by Catabay et al. [31]
enrolled the largest number of patients among the included
studies. To appraise the impact of each study on the overall
outcome (HR) of all-cause mortality, sensitivity analyses
showed that the removal of the study by Catabay did not
change the direction of the overall estimates (HR 1.83,95%
C11.56-2.15, P=11%; P< 0.00001). Meta-regression was
performed to examine the following potential confounders:
age, gender, study design, and region (studies performed
in the Asia compared with studies performed outside of
Asia). No significant impact of the potential confounders

@ Springer

on the results of meta-analysis was detected (all P> 0.05).
Similarly, sensitivity analyses by excluding other individual
study at a turn did not significantly alter the direction of
the overall effect size or the degree of between-study
heterogeneity.

Discussion

To investigate the prognostic value of NLR in patients with
CKD, we performed this meta-analysis by combining the
current literature. In the present study, we incorporated 13
studies of CKD patients with or without dialysis. The result
of this study suggested that elevated NLR was a significant
predictor of cardiovascular mortality and all-cause mortality
in CKD patients. Sensitivity analysis and subgroup analysis
in our study did not significantly alter the overall results. To
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Table 2 Sul?group analyses on Factors Number of No. of patients ~ HR (95% CI) P Heterogeneity
the association between NLR studies between studies
and risk of all-cause mortality
in patients CKD P Py
Overall 12 116,623 1.93 (1.87-2.00) <0.00001 6 0.39
Region
Asia 1492 1.80 (1.43-2.28) <0.00001 0 0.39
No Asia 8 115,131 1.94 (1.87-2.01) <0.00001 16 0.3
Study design
Prospective 1458 2.66 (1.82-3.89) <0.00001 20 0.29
Retrospective 115,165 1.93 (1.86-2.20) <0.00001 0 0.68
Sample size
>400 115,761 1.93 (1.87-2.21) <0.00001 0 0.55
<400 862 1.94 (1.52-2.49) <0.00001 31 0.19
Patients type
Dialysis 109,281 1.94 (1.87-2.01) <0.00001 46 0.1
Dialysis + CKD 7342 1.88 (1.47-2.41) <0.00001 0 0.79
Cut-off value
NLR>3 7 115,138 1.93 (1.86-2.00) <0.00001 0 0.42
NLR <3 1320 2.50 (1.67-3.37) <0.00001 26 0.26

CKD chronic kidney disease, NLR neutrophil-to-lymphocyte ratio, HR hazard ratio, CI confidence interval

our best knowledge, this is the first meta-analysis to evaluate
the prognostic value of NLR in CKD.

The potential mechanism which explains the prognostic
value of NLR in CKD is mainly due to systemic inflammatory
response. A high NLR indicates relative increased
neutrophils and decreased lymphocytes. Neutrophils are
proinflammatory cells, which could release inflammatory
cytokines and proteolytic enzymes, activate macrophages,
and promote foam cell formation, these inflammatory events
facilitated the destruction of cardiomyocytes and caused
ischemic changes in vessels [36—40]. Lymphocytes played an
important role in the regulation of immune system. Studies
have demonstrated that inflammation could increase the
apoptosis of lymphocytes [41], which resulted in a high risk
of infection [42, 43] and adverse cardiovascular outcomes
[44]. Therefore, NLR may reflect the balance between
inflammatory response and immune function. Meanwhile,
it is an easily available and cost-effective index for clinical
practice, which makes it an attractive prognostic index for
patient with CKD.

The role of NLR has been studied in various condi-
tions, including type 2 diabetes, cancer, pulmonary arterial
hypertension, obstructive sleep apnea syndrome, chronic
obstructive pulmonary disease, spontaneous intracerebral
hemorrhage, and peripheral arterial occlusive disease
[45-50]. These studies indicated that NLR has a prognostic
value in a broad range across different diseases. Although
the exact mechanisms behind the relationship between an
elevated NLR and poor prognosis have not been illumi-
nated clearly, it could be associated with both increased

neutrophil-dependent inflammatory response and reduced
lymphocyte-mediated immunoreaction [51]. Patients with
end-stage renal disease (ESRD) have elevated serum levels
of inflammatory mediators, including CRP, tumor necro-
sis factor-a (TNF-a), and interleukin (IL)-6 [52, 53]. When
compared, prognostic power for cardiovascular disease event
among NLR, inflammatory markers, such as CRP and IL-6,
NLR was the most superior marker for cardiovascular dis-
ease [25]. In addition, Chen et al. found that NLR, but not
CRP or platelet—lymphocyte ratio, is an important prognos-
tic predictor of all major clinical outcomes in patients with
advanced CKD [28]. Some potential limitations should be
considered when interpreting the results of the present study.
First, the observational studies included in this study had
their inherent limitations and biases, such as design bias,
selection bias, and treatment bias. Although randomized
clinical trials can most provide statistically persuasive find-
ings, the small study subjects they enrolled may not repre-
sent the real-world population. Hence, this study shed some
light on the prognosis in CKD patients. Second, the results
of subgroup analyses based on the small number of studies
may be not reliable. Third, lacking of individual patient data,
the optimal cutoff value of NLR was unavailable for clinical
practice, and the results could be subject to confounding and
selection bias. Future researches are warranted to investigate
the optimal NLR cutoff value. Fourth, detailed information
of unknown factors (i.e., life habits, comorbidities, related
treatment patterns, and drugs) could affect the NLR value,
thus could weaken its actual association with CKD-specific
endpoints. Finally, we could not analyze the prognostic value
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of NLR in different stages of CKD because few studies pro-
vide relevant data to calculate.

Despite these limitations, there exist some advantages of
our meta-analysis. First, to our best knowledge, this is the
first meta-analysis evaluating the prognostic value of NLR
in CKD patients, and most of the data were obtained from
multivariate analysis of high-quality studies. Furthermore,
the heterogeneity across the studies was low, which enhances
the reliability of our results. In addition, NLR is an easily
available and cheap, which could be a potential useful
prognostic marker in the risk stratification of CKD patients.

Conclusion

In conclusion, a high NLR is related to all-cause mortality
and cardiovascular mortality in patients with chronic kidney
disease. Dialysis patients with high NLR are candidates at
high risk of mortality to allow for earlier interventions.
Further, large scale and more rigorously designed studies
are warranted to confirm the prognostic value of NLR in the
different stages of CKD.
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