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Predictive Value of Peripheral Blood Neutrophil-To-Lymphocyte Ratio
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SUMMARY
Background: This study is to explore the predictive value of peripheral blood neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR) on the prognosis of patients with peritoneal dialysis (PD).
Methods: A total of 378 patients who underwent PD from July 2004 to November 2019 were selected as the research subjects. According to whether death occurred during the follow-up period, they were divided into death
group (86 cases) and survival group (292 cases). The differences in clinical indicators between the two groups were
compared, and the multivariate Cox regression model and receiver operating characteristic curve (ROC) were
used to analyze and summarize the factors affecting the prognosis of PD patients.
Results: Compared with the survival group, there were significant differences in age, lymphocytes, NLR, PLR,
and combined cerebrovascular disease between the death group and the survival group (p < 0.05). Multivariate
Cox regression analysis showed that advanced age (HR = 1.055, 95% CI: 1.038 - 1.072), increased NLR (HR =
1.136, 95% CI: 1.067 - 1.210), and increased PLR (HR = 1.184, 95% CI: 1.018 - 3.026) were risk factors for allcause death in PD patients. The results showed that the area under the ROC curve (AUC) of NLR and PLR for
predicting all-cause death of PD patients were 0.698 and 0.659, respectively, the sensitivity was 69.77%, and the
specificity was 66.78% and 58.56%, respectively. The optimal critical values were NLR ≥ 3.71 and PLR ≥ 149.28.
Taking the best cutoff value of the ROC curve as the threshold, it showed that the cumulative survival rate of patients with NLR ≥ 3.71 was significantly lower than that of patients with NLR < 3.71 (Log rank 2 = 37.551, p =
0.000). It also showed that the cumulative survival rate of patients with PLR ≥ 149.28 was lower than that of patients with PLR < 149.28 (Log rank 2 =23.686, p = 0.000).
Conclusions: NLR and PLR have a good predictive effect on the prognosis of PD patients.
(Clin. Lab. 2021;67:xx-xx. DOI: 10.7754/Clin.Lab.2021.210124)
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INTRODUCTION
Chronic kidney disease (CKD) results from structural
and functional changes caused by various reasons. It is
one of the global public health problems and eventually
developing into end-stage renal disease [1]. Peritoneal
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dialysis (PD) has the advantages of low price, simple
operation, little hemodynamic impact, and good protection of residual renal function. It has become an important means of renal replacement therapy for end-stage
renal disease [2,3]. At present, the clinical prognosis of
PD patients is poor, and the factors affecting the prognosis are complex. Among them, cardiovascular disease
and peritonitis are the two main influencing factors,
which have received widespread attention [4,5]. There
are only few potential predictable indexes, for example
C reactive protein for the clinical prognosis of patients
with PD complicated by cardiovascular disease. However, the majority of increased CRP levels occurred in
PD patients without an obvious cause. Moreover, CRP
levels vary over time in the same patient, from normal
to high or from high to normal, for no obvious reason
[6].
Neutrophil/lymphocyte ratio (NLR) is a new type of inflammatory marker, which is closely related to the clinical prognosis of acute heart failure. NLR is significantly
increased when PD is complicated by cardiovascular
disease. It has become one of the effective monitoring
indicators for cardiovascular disease in PD patients [7].
Platelet/lymphocyte ratio (PLR) is an indicator of systemic inflammation, which can reflect the inflammatory
state of patients with continuous ambulatory PD, as well
as the inflammatory state of cardiovascular diseases,
rheumatic immune diseases, and other diseases, which
are related to the clinical prognosis of patients with
these diseases [8]. However, there are few reports on
the predictive value of NLR and PLR on the clinical
prognosis of patients with PD complicated by cardiovascular disease. Based on this, this study explored the
relationship between NLR, PLR, and the clinical prognosis of PD patients, and provides references for the
clinical prevention and treatment of the disease.

neutrophils, platelets, serum albumin, (blood) total cholesterol, (blood) triglycerides, neutrophil-to-lymphocyte
ratio (NLR) = neutrophil/lymphocyte, platelet-to-lymphocyte ratio (PLR) = platelet/lymphocyte.
Follow-up and the endpoint
All patients except those who died or were transferred
to kidney transplantation or hemodialysis were followed
up from the start of PD treatment until February 29,
2020. For the patients who died from various causes,
the survival time and cause of death were recorded. For
those patients who survived, the time to kidney transplantation or hemodialysis were recorded.
Statistical analysis
SPSS 22.0 software was used for statistical analysis.
The measurement data conforming to the normal distribution was represented by (x̅ ± s), the two-sample t-test
was used for the comparison of normally distribution
data, and the Mann-Whitney U test was used for the
comparison of non-normally distribution data. The
count data was expressed as rate, and compared with χ2
test. The Cox proportional hazard regression model was
used to analyze the independent risk factors of all-cause
death in patients, and ROC curve and Youden index
were used to evaluate the predictive value of NLR and
PLR for all-cause death in PD patients, and the optimal
critical value for prediction was determined. The survival analysis was performed using Kaplan-Meier method.
p < 0.05 indicates that the difference is statistically significant.

RESULTS
Outcomes and causes of death analysis
A total of 378 cases were enrolled in this study, included 206 males (54.5%) and 172 females (45.5%). The
average age was 61.63 ± 16.32 years old. There were 79
cases of smoking (20.9%), 50 cases of alcohol drinking
(13.2%), 334 cases of hypertension (88.4%, included
209 cases of primary hypertension, 125 cases of renal
hypertension), 120 cases of diabetes (31.7%, included 3
cases of type 1 diabetes and 117 cases of type 2 diabetes), 61 cases of heart disease (16.1%), and 41 cases of
cerebrovascular disease (10.8%). The period of dialysis
was 3 to 155 months, and the median period of dialysis
was 25 months. At the end of the follow-up, 86 patients
died. Among the 292 surviving patients, 223 cases
maintained PD (76.3%), 47 cases were converted to hemodialysis (16.1%), and 22 cases received kidney transplantation (7.5%).

MATERIALS AND METHODS
Patients
A total of 378 patients who underwent PD treatment in
the Department of Nephrology, Hwa Mei Hospital, University of Chinese Academy of Sciences from July 2004
to February 2020 were selected as the research subjects.
Inclusion criteria: (1) age ≥ 18 years; (2) dialysis period
≥ 3 months. Exclusion criteria: combined with hematological diseases, malignant tumors, liver cirrhosis or severe liver insufficiency, active autoimmune disease, severe arrhythmia, acute myocardial infarction, chronic
obstructive pulmonary disease, recent severe infection,
lack of neutrophils, platelets, lymphocytes, and other
important information.

Comparison of clinical characteristics between the
two groups
There were no significant differences in gender, heart
rate, smoking, alcohol drinking, combined hypertension, combined diabetes, combined heart disease, triglycerides, total cholesterol, HDL-C, LDL-C between

Data collection
The medical record management system was used to
collect baseline clinical data of all patients before starting PD, including age, gender, primary disease, complications, dialysis age, white blood cells, lymphocytes,
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Table 1. Comparison of basic information.
Indicators
Age (years, x̅ ± s)
Gender (male/female, n)

Death group
(n = 86)
73.16 ± 13.58

Survival group
(n = 292)
58.24 ± 15.50

t/χ2

p-value

8.061

0.000

48/38

158/134

0.03

0.860

Triglyceride (µmol/L)

1.77 ± 1.35

1.76 ± 1.82

0.06

0.952

Total cholesterol (µmol/L)

4.21 ± 1.06

4.28 ± 1.19

0.475

0.641

HDL-C (µmol/L)

1.07 ± 0.32

1.12 ± 0.38

0.966

0.343

LDL-C (µmol/L)

2.27 ± 0.87

2.38 ± 0.89

1.110

0.268

6.94 ± 2.42

6.18 ± 1.97

2.978

0.003

4.98 ± 2.30

6.15 ± 1.95

4.688

0.000

1.03 ± 0.42

1.28 ± 0.47

4.582

0.000

White blood cell count (x
Neutrophil count (x

109/L)

109/L)

Lymphocyte count (x 109/L)
Platelet count (x

109/L)

189.71 ± 68.06

182.46 ± 63.95

0.915

0.362

NLR

6.13 ± 5.75

3.67 ± 2.12

3.867

0.000

PLR

227.68 ± 204.39

156.64 ± 75.72

3.172

0.002

Heart rate (beats/min)

78.84 ± 10.31

78.87 ± 11.23

0.024

0.981

BMI

(kg/m2)

21.96 ± 3.45

22.65 ± 3.67

1.538

0.125

Peritoneal dialysis time (months)

32.41 ± 28.52

36.76 ± 30.42

1.182

0.238

Smoking history (none/yes)

67/19

232/60

0.096

0.757

Alcohol drinking history (none/yes)

74/12

254/38

0.051

0.821

3.367

0.186

1.233

0.543

Hypertension
None

13

31

Primary

51

158

Renal

22

103

Diabetes
None

57

201

Type I

0

3

Type II

29

88

Heart disease (none/yes)

67/19

250/42

2.918

0.088

Cerebrovascular disease (none/yes)

71/15

266/26

5.008

0.025

Table 2. Multivariate Cox regression risk analysis of all-cause death in peritoneal dialysis patients.
Variables

Β

SE

Wald χ2

NLR

0.127

0.032

PLR

0.169

0.035

Age

0.054

Cerebrovascular disease

0.477

p-value

HR

HR 95% CI

15.580

0.0001

1.136

1.067 - 1.210

23.315

< 0.0001

1.184

1.018 - 3.026

0.008

42.113

< 0.0001

1.055

1.038 - 1.072

0.287

2.769

0.0961

1.612

0.921 - 2.819

the two groups (p > 0.05). Compared with the survival
group, the death group had statistically significant differences in age, lymphocytes, white blood cell count,
neutrophils, NLR, PLR, and combined cerebrovascular
disease (p < 0.05), see Table 1.
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Multivariate Cox regression analysis of influencing
factors affecting the clinical outcome of patients
According to the results of univariate analysis, survival/
death (0/1) was used as the dependent variable. The
neutrophil count, white blood cell count, lymphocytes
and NLR, PLR were collinear. Therefore, age, NLR,
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Figure 1. The ROC curve of NLR and PLR for the prognosis of peritoneal dialysis patients.

Figure 2. Survival analysis results of peritoneal dialysis patients with different NLR levels.
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Figure 3. Survival analysis results of peritoneal dialysis patients with different PLR levels.

PLR, and combined cerebrovascular disease were included as independent variables for multivariate Cox regression analysis. The results showed that advanced age
and increased NLR and PLR were risk factors for allcause death in PD patients, as shown in Table 2.

NLR group and the low NLR group was statistically
significant (Log rank χ2 = 37.551, p = 0.000, HR =
3.767, 95% CI: 2.437 - 5.822), and the prognosis of patients with high NLR was significantly worse than patients with low NLR (Figure 2).
Taking PLR = 149.28 as the threshold, they were divided into high PLR group (182 cases) and low PLR group
(196 cases). The median survival time of the two groups
was 72 (95% CI: 62 - 81) months and 121 (95% CI: 109
- 134) months, respectively. The results of survival
analysis showed that the cumulative survival rate difference between the high PLR group and the low PLR
group was statistically significant (Log rank χ2 =
23.686, p = 0.000, OR: 2.950, 95% CI: 1.927 - 4.512),
and the prognosis of patients with high PLR was significantly worse than that of patients with low PLR (Figure
3).

ROC curve analysis of NLR and PLR in predicting
all-cause death in PD patients
The ROC curve results showed that the area under the
ROC curve (AUC) for NLR predicting all-cause death
in PD patients was 0.698 (95% CI: 0.649 - 0.744). The
optimal critical value predicted by NLR was 3.71.
When this cutoff value was used to predict all-cause
death in patients, the sensitivity was 69.77% and the
specificity was 66.78%. The AUC of PLR predicting
all-cause death in PD patients was 0.659 (95% CI:
0.609 - 0.707), and the best cutoff value was 149.28.
When this cutoff value was used to predict all-cause
death in patients, the sensitivity was 69.77%, and the
specificity was 58.56% (Figure 1).

DISCUSSION

Survival analysis results of PD patients with different levels of NLR and PLR
According to the ROC curve results, with NLR = 3.71
as the threshold, they were divided into high NLR group
(158 cases) and low NLR group (220 cases). The average survival time of the two groups was 70 (95% CI: 57
- 82) months and 106 (95% CI: 98 - 114) months, respectively. The results of survival analysis showed that
the cumulative survival rate difference between the high
Clin. Lab. 10/2021

PD utilizes the semi-permeable membrane properties of
the peritoneum to exchange water, electrolytes, and metabolites through peritoneal dialysate and circulating
blood. Patients often have cardiovascular diseases [9].
Studies have shown that [10] cardiovascular complications of PD are the main factor affecting the prognosis
of patients and the main cause of death in PD patients. It
is reported that the mortality of patients with PD com-
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plicated by cardiovascular disease accounts for 51.6%
of all-cause deaths [9]. It is reported in the literature that
improving the prognosis of PD complicated by cardiovascular disease can improve the clinical prognosis of
patients with PD [11]. Therefore, exploring specific and
sensitive indicators of cardiovascular disease in PD patients, and conducting early intervention and treatment
are medical problems that clinical medical workers in
the PD field urgently need to solve.
Micro-inflammation is very common in patients with
maintenance PD, and the persistent micro-inflammatory
state is closely related to complications such as cardiovascular disease and malnutrition in PD patients [12].
When PD patients are in a micro-inflammatory state,
they induce adhesion molecules, activate complement
and other pathways through the action of inflammatory
factors, leading to atherosclerosis, heart valve calcification and myocardial hypertrophy, which in turn induces
corresponding cardiovascular diseases [13]. It has been
reported that the more severe the micro-inflammatory
state of PD patients, the higher the incidence of cardiovascular calcification, and the increase of high-sensitivity C-reactive protein (hs-CRP) is an independent risk
factor for heart valve calcification [14].
As a marker of human immune inflammation, NLR has
increasingly been widely used. It reflects the inflammatory state of the body to a certain extent and is a predictor of cardiovascular disease. Liu et al. [15] showed that
NLR is positively correlated with hs-CRP and N-terminal-brain natriuretic peptide in patients with myocardial
infarction. The higher the NLR content, the more severe
the symptoms of heart failure in patients, and the risk of
recent cardiovascular adverse events also significantly
increases. The retrospective analysis of Lu et al. [7]
confirmed that the levels of NLR and CRP in PD patients with cardiovascular disease were significantly
higher than those in healthy people and PD patients
without cardiovascular disease. There was a significant
positive correlation between NLR and CRP, indicating
that NLR can effectively reflect the inflammatory response in PD patients with cardiovascular disease and is
an effective indicator for monitoring cardiovascular disease. The results of this study showed that, compared
with the PD survival group, the death group had statistically significant differences in age, lymphocytes, NLR,
PLR, and combined cerebrovascular disease. Multivariate Cox regression analysis and ROC curve results
showed the predictive effect of NLR on the clinical
prognosis of PD patients.
Platelet is an acute-phase reactant. It participates in the
process of atherosclerosis by actively releasing pro-inflammatory factors. It can also combine with endothelial cells and white blood cells to promote the release of
inflammatory factors, initiate and aggravate the inflammatory response of the blood vessel wall. The increase
of platelets in peripheral vascular disease, atherosclerotic heart disease, and other diseases are closely related
to the clinical prognosis of patients [16]. Studies have
found that PLR is positively correlated with inflamma-

tory indicators such as interleukin-6 and tumor necrosis
factor-α [17]. Other studies have also reported that PLR
is significantly associated with the mortality of patients
with end-stage renal disease [18]. Chen et al. [8] found
that the number of neutrophils, urea nitrogen, blood creatinine, triacylglycerol, PLR, NLR, and hs-CRP in patients with continuous ambulatory PD were significantly
higher than that of healthy people, and that PLR was
positively correlated with platelets, urea nitrogen, blood
creatinine, hs-CRP, and NLR. Therefore, PLR can be
used as an effective indicator to evaluate the inflammatory state of patients with continuous ambulatory PD. In
this study, the results suggested that PLR is an effective
indicator to predict the clinical prognosis of PD patients.
In summary, NLR and PLR have a good predictive effect on the prognosis of PD patients. NLR and PLR are
both a ratio, which is more stable than a single hematological index. It can overcome the effects of dehydration, excessive body fluids or sample processing on the
absolute value of blood cells. Therefore, it may be more
valuable than platelet or lymphocyte count in suggesting the micro-inflammatory state of patients with PD.
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