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Background/Aims: The neutrophil-to-lymphocyte ratio (NLR) has a prognostic value in cardiovascular disease, infection, 
inflammatory disease, and several malignancies. Therefore, the NLR has a possible predictive value in patients with chronic 
kidney disease (CKD), but this predictive value has not been validated. Here, we aimed to investigate the possibility of NLR as 
a predictor of CKD progression.
Methods: This retrospective observational study included 141 patients with non-dialysis CKD. The participants were divided 
into terciles (T1, T2, and T3) according to NLR. The primary outcome was defined as a composite kidney event, which in-
cluded a decline in the estimated glomerular filtration rate (eGFR) of at least 50% or initiation of renal replacement therapy 
during the follow-up period.
Results: The mean follow-up duration was 5.45 ± 2.11 years. The mean NLRs were 1.35 ± 0.05 in T1 (n = 47), 2.16 ± 0.04  
in T2 (n = 47), and 4.29 ± 0.73 in T3 (n = 47). The group with the highest NLR (T3) had higher baseline CKD and serum  
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INTRODUCTION

Chronic inflammation is closely associated with various 
chronic diseases, such as diabetes mellitus, cardiovascular 
disease, and chronic kidney disease (CKD) [1]. Patients with 
CKD tend to have elevated levels of inflammatory media-
tors, including high-sensitivity C-reactive protein (hs-CRP), 
tumor necrosis factor-α (TNF-α), and interleukin (IL)-6 [2]. 
These mediators stimulate the inflammatory pathway, lead-
ing to glomerular hypertension, tubulointerstitial fibrosis, 
kidney scarring, and, finally, CKD progression and increased 
cardiovascular events [3,4]. Therefore, it is important to 
evaluate and decrease the extent of chronic inflammation 
in patients with CKD. Patients with CKD have higher levels 
of proinflammatory cytokines, but it remains unclear which 
biomarker is the best indicator of inflammation in patients 
with CKD.

The neutrophil-to-lymphocyte ratio (NLR), obtained by 
dividing the absolute number of neutrophils to the lym-
phocyte count, is increasingly studied as a new inflamma-
tory marker. An elevated NLR has recently been reported to 
be an independent predictor of mortality in patients with 
cardiovascular disease or cancer [5-8]. As CKD is a chronic 
inflammatory disease, high NLR can predict CKD progres-
sion and cardiovascular disease and cancer. However, sig-
nificantly few studies have investigated the association be-
tween high NLR and CKD progression [9-12].

Thus, in this study, we aimed to investigate whether NLR 
levels were associated with the decline of kidney function in 
patients with CKD.

METHODS

Study design and data collection
This was a retrospective study based on electric medical  

record dataset at Department of Nephrology, Chonnam Na-
tional University Hospital (CNUH). We enrolled 158 patients 
who visited the nephrology outpatient clinic between April 
2011 and October 2011. Follow-up data were collected 
until April 2020. The inclusion criteria were patients with 
non-dialytic CKD and screened for International Classifi-
cation of Diseases codes of CKD (N18.1–18.5, N189). The 
exclusion criteria were patients with an acute infectious 
event; malignancy, including hematological or autoimmune 
disease at the time of enrollment; and insufficient data on 
follow-up duration. Thus, 141 patients were included in the 
final analysis (Fig. 1).

All procedures performed in the participants were in ac-
cordance with the ethical standards of the institutional and 
national research committees at which the studies were 
conducted and with the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards. The 
study protocol was approved by the Institutional Review 

creatinine and lower eGFR levels than the group with the lowest NLR (T1). The cumulative incidence rate of composite kidney 
events was significantly higher in T3 compared with T1 (p < 0.001, log-rank test). Cox regression analysis revealed that high 
NLR was associated with the risk of composite kidney events (adjusted hazard ratio, 3.33; 95% confidence interval, 1.43–7.76).
Conclusions: A higher NLR reflects the more advanced stage of CKD and suggests a role for NLR as a biomarker for pre-
dicting CKD progression.

Keywords: Neutrophil-to-lymphocyte ratio; Chronic kidney disease; Estimated glomerular filtration rate

Figure 1. Flow diagram of the study participants. NLR, neutro-
phil-to-lymphocyte ratio; SD, standard deviation; T1, 1st tercile; 
T2, 2nd tercile; T3, 3rd tercile.

T1 (n = 47)
1.35 ± 0.05

T3 (n = 47)
4.29 ± 0.73

T2 (n = 47)
2.16 ± 0.04

158 Patients eligible for baseline
analysis and longitudinal follow-up

141 Patients included  
in the analysis

Tercile by NLR
Mean ± SD

17 Lack of the data on follow-up 
duration

www.kjim.org


727

Kim J, et al. Effectiveness of NLR as predictor of CKD progression

www.kjim.orghttps://doi.org/10.3904/kjim.2023.171

Table 1. Baseline characteristics of the study participants according to NLR

Variable Total (n = 141)
NLR

p value
T1 (n = 47) T2 (n = 47) T3 (n = 47)

Follow-up duration (yr) 5.45 ± 2.10 5.26 ± 0.30 5.30 ± 0.33 5.80 ± 0.29 0.057

Age (yr) 56.47 ± 10.35 56.09 ± 1.55 58.02 ± 1.63 55.30 ± 1.33 0.200

Male 86 (61.0) 24 (51.1) 35 (74.5) 27 (57.4) 0.055

Age-adjusted CCI score 0.053

0–3 38 (27.0) 32 (68.1) 18 (38.3) 20 (49.6)

4–5 39 (27.7) 10 (21.3) 21 (44.7) 19 (40.4)

6–7 50 (35.5) 4 (8.5) 8 (17.0) 8 (17.0)

≥ 8 14 (9.9) 1 (2.1) 0 (0.0) 0 (0.0)

Smoking status 0.152

Non-smoker 76 (53.9) 28 (59.6) 19 (40.4) 29 (61.7)

Ex-smoker 48 (34.0) 12 (25.5) 22 (46.8) 14 (29.8)

Current smoker 17 (12.1) 7 (14.9) 6 (12.8) 4 (8.5)

BMI (kg/m2) 24.79 ± 3.61 25.19 ± 0.43 24.82 ± 0.52 24.36 ± 0.62 0.200

SBP (mmHg) 126.01 ± 18.43 119.41 ± 2.05 130.09 ± 2.96 128.49 ± 2.81 0.299

DBP (mmHg) 77.24 ± 13.28 75.26 ± 1.68 78.39 ± 2.01 78.04 ± 2.14 0.502

Laboratory findings

Hemoglobin (g/dL) 12.58 ± 2.15 13.30 ± 0.31 12.69 ± 0.30 11.75 ± 0.30 0.696

Albumin (g/dL) 4.21 ± 0.47 4.35 ± 0.06 4.25 ± 0.05 4.02 ± 0.08 0.200

Total cholesterol (mg/dL) 180.36 ± 49.11 181.04 ± 6.21 184.15 ± 6.79 175.87 ± 8.41 0.200

HDL-C (mg/dL) 49.69 ± 19.33 51.32 ± 2.79 45.30 ± 1.73 52.34 ± 3.57 0.200

LDL-C (mg/dL) 108.37 ± 38.41 110.36 ± 5.31 111.55 ± 5.13 103.19 ± 6.34 0.200

TG (mg/dL) 173.51 ± 123.93 161.81 ± 15.83 198.78 ± 20.73 160.49 ± 17.47 0.002

Fasting glucose (mg/dL) 118.24 ± 52.34 112.02 ± 4.46 122.68 ± 9.36 120.02 ± 8.29 > 0.001

hs-CRP (mg/dL) 3.00 ± 8.26 0.95 ± 0.15 4.54 ± 1.64 3.51 ± 1.26 > 0.001

24-h urine protein (mg/d) 1,898.14 ± 2,942.24 679.54 ± 133.16 1,967.24 ± 357.35 3,016.82 ± 619.96 > 0.001

Creatinine (mg/dL) 1.76 ± 0.93 1.42 ± 0.13 1.83 ± 0.12 2.04 ± 0.14 0.041

eGFR (mL/min/1.73 m2) 49.40 ± 29.76 64.89 ± 5.36 45.75 ± 3.63 37.55 ± 2.63 0.021

CKD stages 0.001

Stage 1 19 (13.5) 13 (27.7) 6 (12.8) 0 (0.0)

Stage 2 20 (14.2) 8 (17.0) 4 (8.5) 8 (17.0)

Stage 3a 21 (14.9) 9 (19.1) 8 (17.0) 4 (8.5)

Stage 3b 39 (27.7) 10 (21.3) 14 (29.8) 115 (31.9)

Stage 4 35 (24.8) 3 (6.4) 14 (29.8) 18 (38.3)

Stage 5 7 (5.0) 4 (8.5) 1 (2.1) 2 (4.3)

Values for categorical variables are provided as number (%) and values for continuous variables as mean ± standard deviation.
BMI, body mass index; CCI, Charlson Comorbidity Index; CKD, chronic kidney disease; DBP, diastolic blood pressure; eGFR, esti-
mated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; LDC-C, 
low-density lipoprotein cholesterol; NLR, neutrophil-to-lymphocyte ratio; SBP, systolic blood pressure; T1, 1st tercile; T2, 2nd tercile; 
T3, 3rd tercile; TG, triglyceride.
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Board (approval number: CNUH-2022-407). As this study 
was a retrospective study, informed consent was not ob-
tained from the patients.

Study definitions and endpoints
This study investigated the predictive value of the NLR for 
CKD progression. NLR was analyzed at the day of enroll-
ment and calculated by dividing the number of neutrophils 
by the number of lymphocytes. To examine the association 
between high NLR and adverse outcomes, the patients were 
divided into terciles (T1, T2, and T3) according to their NLR 
values.

Demographic details, such as age, sex, smoking status, 
and comorbid diseases, were obtained from the CNUH elec-
tric medical record database. Smoking status was classified 
as never, former, or current smoker. Anthropometric data, 
including height and weight, were collected at enrollment. 

Body mass index (BMI) was calculated as the initial body 
weight divided by the height squared (kg/m2). Blood pres-
sure and venous samples, including baseline hemoglobin, 
albumin, total cholesterol, low-density lipoprotein (LDL) 
cholesterol, high-density lipoprotein (HDL) cholesterol, tri-
glyceride, fasting glucose, hs-CRP and creatinine levels, 
were also obtained from the CNUH electric medical record 
database. The estimated glomerular filtration rate (eGFR) 
was calculated using the Chronic Kidney Disease Epidemiol-
ogy Collaboration equation [13]. Proteinuria was measured 
by the amount of protein in the 24-h urine or the spot urine 
protein/creatinine ratio in patients whose 24-h urinary pro-
tein result was not present. The age-adjusted Charlson Co-
morbidity Index (ACCI) incorporates age as a correction vari-
able for the final score by adding one point for every decade 
over 40 years of age [14]. CKD stages were determined us-
ing eGFR according to the Kidney Disease Improving Global 
Outcomes guidelines [15].

The primary outcome of interest was composite kidney 
event, which included a decline of kidney function (decline 
of eGFR of at least 50%) or initiation of renal replacement 
therapy (RRT) during follow-up periods. The secondary out-
come was all-cause mortality during follow-up periods.

Statistical analyses
Continuous variables are expressed as means ± standard 
deviations. Categorical variables (e.g., smoking status) are 
expressed as number of participants and percentage. All pa-
tients were divided into three groups in accordance with the 
tercile values of the absolute NLR. According to the absolute 
NLR values, the patients were classified as T1 (n = 47, NLR 

Table 2. Multivariate linear regression analysis to evaluate 

the association between independent variables and the NLR

Variable
β coefficient estimate 

(95% CI)
p value

TG 0.00 (0.00 to 0.01) 0.632

Fasting glucose 0.00 (-0.01 to 0.01) 0.626

hs-CRP 0.01 (-0.05 to 0.08) 0.701

24-h urine protein 5.521E-5 (0.00 to 0.00) 0.624

Creatinine -0.33 (-1.47 to 0.81) 0.565

CI, confidence interval; NLR, neutrophil-to-lymphocyte ratio; 
hs-CRP, high-sensitivity C-reactive protein; TG, triglyceride.

Figure 2. Kaplan–Meier survival curve for cumulative incidence of renal events by NLR. (A) Cumulative incidence of renal events according 
to NLR. (B) Cumulative incidence of decline of kidney function according to NLR. (C) Cumulative incidence of initiation of RRT according to 
NLR. NLR, neutrophil-to-lymphocyte ratio; RRT, renal replacement therapy; T1, 1st tercile; T2, 2nd tercile; T3, 3rd tercile.

A B C

1.0

0.8

0.6

0.4

0.2

0

1.0

0.8

0.6

0.4

0.2

0

1.0

0.8

0.6

0.4

0.2

0

 0 2 4 6 8 10

Time-to-event (yr)

 0 2 4 6 8 10

Time-to-event (yr)

 0 2 4 6 8 10

Time-to-event (yr)

p = 0.001, by Log-rank test p < 0.001, by Log-rank test p = 0.020, by Log-rank test

NLR
   T1
   T2
   T3

NLR
   T1
   T2
   T3

NLR
   T1
   T2
   T3

Cu
m

ul
at

iv
e 

in
ci

de
nc

e 
of

 re
na

l e
ve

nt
s 

Cu
m

ul
at

iv
e 

in
ci

de
nc

e 
of

 d
ec

lin
e 

of
 k

id
ne

y 
fu

nc
tio

n

Cu
m

ul
at

iv
e 

in
ci

de
nc

e 
of

 in
iti

at
io

n 
of

 R
RT

www.kjim.org


729

Kim J, et al. Effectiveness of NLR as predictor of CKD progression

www.kjim.orghttps://doi.org/10.3904/kjim.2023.171

1.35 ± 0.05), T2 (n = 47, NLR 2.16 ± 0.04), and T3 (n = 47,  
NLR 4.29 ± 0.73) (Fig. 1). Significant differences among the 
three NLR groups were examined using the chi-squared test 
for categorical data and the Wilcoxon rank-sum test for 
nonparametric data. Multivariate linear regression models 
were analyzed to elucidate the associations between NLR 
and other clinical parameters. The results of multivariate lin-
ear regression models were presented as β coefficient esti-
mate and 95% confidence intervals (CIs). We investigated 
whether a high NLR was related to the composite endpoints 
by applying the Cox proportional hazards model when de-
fining a lowest NLR group (T1) as a reference. The results 
of the Cox proportional hazard models were presented as 
hazard ratios (HRs) and 95% CIs. Statistical significance was 
defined as p value < 0.05. Data were analyzed using IBM 
SPSS statistical analysis software for Windows (version 22.0; 
IBM Corp., Armonk, NY, USA).

RESULTS

Baseline characteristics of the study population
Table 1 shows the baseline characteristics according to NLR 
groups. The median age of the 141 patients (86 males and 
55 females) in this study was 56.47 years (range, 26–74 y). 
The median follow-up duration was 5.45 years.

The three groups did not differ in terms of age, sex, ACCI 
score, smoking status, BMI, systolic blood pressure (SBP), or 
diastolic blood pressure. Laboratory findings showed that 
hemoglobin, albumin, total cholesterol, LDL-cholesterol, 
HDL-cholesterol, and hs-CRP levels were not significantly 
different among the groups. The amount of proteinuria and 
creatinine levels were highest in the participants with the 
highest NLR and lowest in the participants with the lowest 
NLR. In contrast, eGFR was lowest in the participants with 
the highest NLR and highest in the participants with the 
lowest NLR. Nineteen patients (13.5%) had CKD stage 1, 
20 (14.2%) had CKD stage 2, 60 (42.6%) had CKD stage 3, 
and 42 (29.8%) had CKD stages 4 and 5. Patients with ad-
vanced CKD (stage ≥ 3b) were more commonly distributed 
in the T3 group than in the T1 group.

Multivariate linear regression analysis was performed to 
analyze the association between variables (containing co-
variates with p < 0.05 in a univariate analysis, Table 1) and 
NLR, but there was no correlation between the independent 
variables and NLR (Table 2). Ta
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Association between NLR and the primary 
outcome
To address the association between NLR and composite 
kidney events, Kaplan–Meier survival was analyzed using 
NLR (Fig. 2). Multivariate Cox models after sequential ad-
justments confirmed this association, and Model 4 was fully 
adjusted (Table 3). The incidence rate of composite kidney 
events, which included decline in kidney function (decline in 
eGFR of at least 50%) or initiation of RRT, was significantly 
higher in the T3 group (26 of 47 patients, 55.3%) than in 
the T1 group (8 of 47 patients, 17.0%) (HR, 4.34; 95% CI, 
1.88–10.02; p = 0.001) (Fig. 2A, Table 3; Model 1). In the 
fully adjusted model, the HR between T3 and T1 was 3.33 
(95% CI, 1.43–7.76; p = 0.005) (Table 3; Model 4).

The incidence rate of the primary outcome components 
is shown in Fig. 2B and C. In the unadjusted model, the 
incidence rate of decline in kidney function and initiation of 
RRT was higher in the T3 group than in the T1 group (HR, 
4.61; 95% CI, 1.88–11.28; p = 0.001 and HR, 4.19; 95% 
CI, 1.40–12.51; p = 0.010) (Fig. 2B, C, Table 3; Model 1). 
However, in a fully adjusted model, the decline in kidney 
function was associated with high NLR (HR, 3.12; 95% CI, 
1.23–7.91; p = 0.017), but the initiation of RRT was not 
associated with high NLR (HR, 2.87; 95% CI, 0.89–9.25;  
p = 0.078) (Table 3; Model 4).
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Figure 3. Kaplan–Meier survival curve for cumulative incidence 
of all-cause mortality according to NLR. NLR, neutrophil-to-lym-
phocyte ratio; T1, 1st tercile; T2, 2nd tercile; T3, 3rd tercile.
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Association between NLR and the secondary 
outcome
There was no significant between-group difference in the 
incidence of all-cause mortality (5 of 47 patients, 10.6%, in 
the T3 group and 2 of 47 patients, 4.3%, in the T1 group; 
HR, 2.11; 95% CI, 0.41–10.89; p = 0.373) (Fig. 3, Table 4;  
Model 1). In addition, in the fully adjusted model, the HR  
between T3 and T1 was 3.13 (95% CI, 0.52–18.90; p = 0.213)  
(Table 4; Model 4).

DISCUSSION

In this study, we evaluated 141 patients with CKD for a pos-
sible association between CKD progression and NLR, which 
is an indicator of inflammation. Patients who had higher NLR 
level had higher proteinuria, higher creatinine level, lower 
eGFR, and higher frequency of advanced CKD (stages 3b to 5).  
In the Cox proportional hazards model, the higher NLR 
group had a higher incidence of composite kidney event, 
especially a decline in kidney function. The same result was 
shown in the fully adjusted model (age, sex, aged-adjusted 
CCI score, smoking status, BMI, SBP, serum creatinine level, 
and proteinuria). These results indicate that NLR reflects the 
status of a patient who may have more comorbidities within 
a more advanced stage of CKD and suggests that NLR can 
be a biomarker for predicting CKD progression. However, 
there was no difference for the incidence rate of initiation of 
RRT and mortality among the NLR groups because the num-
ber of participants was remarkably small and the follow-up 
period was significantly short. 

Several studies have shown that NLR is an important indi-
cator of inflammation in patients with CKD [11,12,16]. An 
et al. [16] showed that NLR levels were higher in patients 
on peritoneal dialysis (PD) than in healthy counterparts and 
found that cardiovascular and all-cause mortality was higher 
in patients on PD with higher NLR and CRP levels. In our 
study, CRP levels were higher in the T2 and T3 groups than 
in T1 group, but the difference in CRP levels between the T2 
and T3 groups was not significant. Moreover, multivariate 
linear regression models showed no correlation between 
CRP and NLR levels. Okyay et al. [12] showed that the NLR 
levels of patients on PD, on hemodialysis, and with predia-
lytic CKD were higher than that of healthy controls. They 
also showed that the NLR levels were positively correlated 
with other inflammatory markers, such as hs-CRP and IL-6 

levels, and negatively correlated with serum albumin levels 
[12]. Another study revealed that higher TNF-α levels in pa-
tients with end-stage kidney disease (ESKD) were associated 
with higher NLR levels [2]. However, this study is different 
from other studies in that patients with non-dialysis CKD 
were divided into NLR terciles for group comparison.

In addition, recent studies have suggested that NLR is an 
indicator of inflammation and a predictor of CKD progres-
sion. Kocyigit et al. [11] showed that patients with higher 
NLR levels had higher baseline hs-CRP levels and faster eGFR 
decline following the initiation of RRT. However, the study 
population was patients with stage 4 CKD, and patients 
with higher NLR levels and more rapid progression to ESKD 
had a lower baseline level of eGFR [11]. In addition, baseline 
kidney function was a key factor in reaching the endpoint 
of the study [11]. Tatar et al. [17] studied 165 patients aged  
> 65 years and found that the incidence rate of mortali-
ty and initiation of RRT were higher in patients who had 
increased NLR values over time. They also found that pa-
tients with eGFR < 29 mL/min/1.73 m2 had higher NLR val-
ues and higher rates of mortality and initiation of RRT [17]. 
This study certainly has a unique perspective as it involves 
patients with early-stage CKD, including CKD stage 1, and 
imposes no age restrictions. However, the diverse distribu-
tion renal function among patients may act as bias.

The present study has some limitations. First, the study 
participants were recruited at a single regional hospital; 
thus, the selection of patients was limited, and the sample 
size was small. Second, the study population comprised only 
Korean patients, and whether these findings can be gen-
eralized to other ethnic groups is unknown. A larger and 
multinational cohort study will be required to avoid study 
bias and to analyze a more accurate association between 
NLR level and kidney function decline in patients with CKD. 
Third, a single initial measurement of the NLR at enrollment 
may not provide sufficient accuracy for predicting kidney 
outcomes, and multiple measurements over a defined peri-
od of time may offer more accurate predictive value. Finally, 
and importantly, the retrospective nature of our study poses 
inherent limitations. This design may have introduced con-
founding variables and potential biases due to incomplete 
data. Notably, retrospective studies cannot establish causal-
ity, but rather associations. In spite of these limitations, our 
findings provide valuable insights into the potential role of 
NLR in predicting CKD progression and should stimulate fur-
ther studies in this field.
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In conclusion, a higher NLR level is associated with higher 
proteinuria, higher serum creatinine level, lower eGFR, and 
higher frequency of advanced CKD. Consequently, the high 
NLR reflects the more advanced stage of CKD and suggests 
a role for NLR as a biomarker for predicting CKD progression.

KEY MESSAGE
1. An elevated NLR is associated with increased pro-

teinuria, elevated serum creatinine level, and re-
duced eGFR.

2. Higher NLR values may indicate a more advanced 
stage of CKD. Therefore, NRL can be a potential 
biomarker for predicting CKD progression.
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