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Background: Neutrophil percentage-to-albumin ratio (NPAR), a new inflammatory marker, has been shown to be associated with 
poor prognosis in patients with cardiovascular disease. However, limited evidence is available for its role in peritoneal dialysis (PD) 
patients. Our study aimed at investigating the prognostic value of NPAR for mortality in PD patients.
Patients and Methods: This was a single center retrospective cohort study. A total of 1966 PD patients were enrolled in our study 
from January 2006 to December 2016 and were followed up until December 2021. Patients were stratified into tertiles according to 
baseline NPAR levels. The associations between NPAR levels with all-cause and cardiovascular mortality were estimated using Cox 
proportional hazards models. Receiver operating characteristic (ROC) analysis was performed to compare the mortality predictive 
values of NPAR and other known biomarkers, such as NLR (neutrophil-to-lymphocyte ratio), PLR (platelet-to-lymphocyte ratio), LHR 
(low-density lipoprotein cholesterol-to-high-density lipoprotein cholesterol ratio) and MLR (monocyte-to-lymphocyte ratio).
Results: During a median follow-up of 48.1 months, 503 (25.6%) patients died, in which cardiovascular disease (CVD) death 
dominated 50.3%. Multivariate Cox regression analysis revealed that the highest NPAR tertile was significantly associated with 
a higher risk of all-cause and cardiovascular mortality (HR 1.51, 95% CI 1.14–1.98; HR 1.57, 95% CI 1.07–2.31; respectively) 
compared with tertile 1. The AUC values of NPAR were 0.62 (95% CI 0.60–0.65, P < 0.001) for all-cause mortality and 0.61 (95% CI 
0.57–0.65, P < 0.001) for cardiovascular mortality.
Conclusion: Our study showed that higher NPAR levels were independently associated with increased risk of all-cause and 
cardiovascular mortality in PD patients. Notably, our results demonstrated that NPAR exhibited superior predictive value for mortality 
compared to NLR, PLR, MLR, and LHR.
Keywords: peritoneal dialysis, neutrophil percentage-to-albumin ratio, mortality, inflammation

Introduction
Peritoneal dialysis (PD), as a high-quality and cost-effective therapy, is one of the primary renal replacement therapy 
(RRT) modalities offered to patients with end stage renal disease (ESRD).1 It is estimated that more than 272,000 patients 
with ESRD received PD treatment worldwide in 2017, representing approximately 11% of the global dialysis 
population.1,2 However, PD patients are prone to a condition known as malnutrition-inflammation-atherosclerosis 
(MIA) syndrome, in which malnutrition, pro-inflammatory cytokines, and atherosclerosis coexist and interact with 
each other.3 Factors related to dialysis such as PD catheter implantation, bioincompatible PD solution, peritonitis, as 
well as factors unrelated to dialysis, such as uremic toxins, oxidative stress, volume overload, and endothelial dysfunc
tion, are prevalent in patients with PD. These factors collectively contribute to persistent systemic inflammation and 
malnutrition in PD patients and ultimately leading to a poor prognosis.4,5 Chronic inflammation has been considered vital 
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for the pathogenesis of MIA syndrome, contributing to the progression of atherosclerosis and increased the risk of 
cardiovascular disease.6 Previous studies have reported that MIA syndrome is associated with higher all-cause and 
cardiovascular mortality in PD patients.3,7 Early assessment of the inflammatory state in PD patients is crucial for 
identifying individuals at a high risk of mortality.

Neutrophil is one of the prototypical markers of inflammation. Over the past decade, it has been recognized to play 
a crucial role not only as a key mediator of acute inflammation, but also in chronic inflammation, such as 
atherosclerosis.8 Elevated neutrophil counts have been found to be independently associated with an increased risk of 
death in both hemodialysis (HD) and PD patients.0.9,10 Albumin has numerous functions, such as maintaining plasma 
osmotic pressure, transporting substances, and acting as antioxidants. PD patients often experience hypoalbuminemia due 
to dialysis exchange, chronic inflammation, infection, and other related factors.11,12 It has been suggested that serum 
albumin can evaluate nutritional and inflammatory status.3 Hypoalbuminemia has been identified as a substantial risk 
factor for the decline of residual renal function (RRF) and all-cause mortality in PD patients.11,13

It is possible that neutrophil percentage-to-albumin ratio (NPAR), comprising of neutrophil percentage and serum 
albumin, magnifies changes in both of these parameters and has a stronger association with mortality in PD patients, 
resulting in an enhanced prediction of adverse outcomes for PD patients. At present, there is limited information 
available on the prognostic value of NPAR in PD patients. This cohort study was conducted to investigate the association 
of NPAR with mortality in PD patients, as well as to compare the prognostic value of NPAR with several other known 
inflammatory biomarkers, including neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), mono
cyte-to-lymphocyte ratio (MLR) and LDL-C-to-HDL-C ratio (LHR).

Materials and Methods
Study Participants
This was a single-center retrospective observational cohort study. Patients who underwent catheter insertion and 
peritoneal dialysis at the PD center of The First Affiliated Hospital, Sun Yat-sen University from January 1, 2006 to 
December 31, 2016 were enrolled in the study. Exclusion criteria were as follows: (1) patients were < 18 years old at the 
start of PD; (2) treated with PD therapy for less than 3 months; (3) transferred from HD; (4) transferred from failed renal 
transplantation; (5) patients with a history of malignant tumors; (6) patients suffered from acute infections during the 
baseline period; (7) patients had hematological diseases, hepatic disease or acquired immune deficiency syndrome; (8) 
missing baseline neutrophil percentage and/or albumin data. This study was conducted in accordance with the ethical 
principles of the Helsinki Declaration and was approved by the Research Ethics Committee of The First Affiliated 
Hospital, Sun Yat-sen University. Written informed consent was provided by all participants.

Data Collection
All baseline demographic, clinical and laboratory data for this study were collected within the first 1–3 months following 
the PD initiation. Demographic data included age, gender and body mass index (BMI). Clinical data included medical 
history (cardiovascular disease and diabetes) and comorbidity score. Laboratory data included white blood cell (WBC), 
neutrophil, lymphocyte, monocyte, hemoglobin, serum albumin, serum creatinine, uric acid, serum phosphorus, albumin- 
corrected calcium, total cholesterol, triglyceride, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein 
cholesterol (LDL-C), high-sensitivity C-reactive protein (hs-CRP), residual renal function (RRF) and total urea clearance 
index (Kt/V), all of which were measured in the biochemical laboratory of The First Affiliated Hospital of Sun Yat-sen 
University. The comorbidity score was assessed by the Charlson comorbidity index (CCI).14 RRF and total Kt/V were 
calculated using the PD Adequest software (Baxter Healthcare Corporation, Chicago, IL, USA).

Outcomes
The primary outcome of our study was all-cause mortality, and the secondary outcome was cardiovascular mortality, 
which was defined as death due to myocardial infarction, cardiac arrhythmia, congestive heart failure, cardiac arrest, 
cerebrovascular disease, and peripheral vascular disease.15 To determine the cause of death, three nephrologists at our PD 
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center thoroughly reviewed medical records and/or directly communicated with the referring physician. All participants 
were followed up until death, renal transplantation, transferring to HD or other PD centers, loss of follow-up, or the end 
of the study (December 31, 2021).

Statistical Analyses
NPAR was calculated as neutrophil percentage divided by serum albumin (expressed in g/L). Participants were categorized 
into three groups according to their baseline NPAR levels: tertile 1 (NPAR < 1.64), tertile 2 (1.64 ≤ NPAR < 1.93), and 
tertile 3 (NPAR ≥ 1.93). Continuous variables were characterized as mean ± standard deviation for normally distributed data 
or median (interquartile ranges) for non-normal distribution. Categorical variables were presented as frequencies and 
percentages. Differences in continuous or categorical variables among groups were compared by chi-squared tests, One- 
way ANOVA, or Kruskal–Wallis tests, as appropriate. Spearman rank correlation analysis and Pearson correlation analysis 
were applied to examine the correlations between NPAR and other clinical parameters. Kaplan-Meier curves were 
performed to estimate the cumulative survival rate, and the log rank test was used to compare the differences among the 
three groups. The associations between NPAR levels and all-cause and cardiovascular mortality were investigated using 
multivariate Cox proportional hazards models. To assess the prognostic values of NPAR for mortality, we conducted the 
receiver operating characteristic (ROC) curve analysis and calculated the area under the curve (AUC). A two-tailed P value 
of < 0.05 was considered statistically significant. All statistical analyses were performed using SPSS software, version 25.0 
(IBM SPSS, Chicago, IL, USA) and MedCalc software, version 20.218 (Broekstraat, Mariakerke, Belgium).

Results
Baseline Demographic and Clinical Characteristics
The flow chart illustrating the inclusion of participants was shown in Figure 1. A total of 1966 participants were enrolled 
in the cohort study. The mean age was 46.8 ± 15.1 years, 60.3% of patients were male, 25.0% were diabetes, and 33.7% 

Figure 1 Flow chart of the participants in the study cohort. 
Abbreviations: PD, peritoneal dialysis; HD, hemodialysis; NPAR, neutrophil percentage-to-albumin ratio; CVD, cardiovascular disease.
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had a history of CVD. Figure 2 revealed an approximately normal distribution of baseline NPAR levels in the overall 
study population. The average value of NPAR was 1.82 ± 0.40. The baseline demographic and clinical characteristics of 
the patients stratified by NPAR tertiles are shown in Table 1. Patients with higher NPAR were older, higher proportion of 

Figure 2 Distribution of baseline NPAR levels in the cohort.

Table 1 Baseline Characteristics of Individuals Stratified by Tertiles of Baseline NPAR Levels

Variables Total NPAR P-value

(n = 1966) < 1.64 (n = 651) 1.64–1.93 (n = 655) ≥ 1.93 (n = 660)

Age (years) 46.83 ± 15.12 43.05 ± 14.15 45.88 ± 14.61 51.51 ± 15.35 < 0.001

Men (n, %) 1186 (60.3%) 431 (66.2%) 397 (60.6%) 358 (54.2%) < 0.001
Body mass index (kg/m2) 21.64 ± 3.13 21.36 ± 3.06 21.81 ± 3.13 21.76 ± 3.18 0.019

History of diabetes (n, %) 491 (25.0%) 84 (12.9%) 160 (24.4%) 247 (37.4%) < 0.001

History of CVD (n, %) 662 (33.7%) 193 (29.6%) 205 (31.3%) 264 (40.0%) < 0.001
Charlson comorbidity index 3.46 ± 1.79 3.03 ± 1.56 3.32 ± 1.73 4.04 ± 1.93 < 0.001

Hemoglobin (g/L) 100.65 ± 21.89 107.11 ± 20.96 101.47 ± 20.97 93.43 ± 21.56 < 0.001

Serum albumin (g/L) 36.77 ± 5.06 40.15 ± 3.90 37.56 ± 3.57 32.65 ± 4.44 < 0.001
Uric acid (µmol/L) 428.67 ± 95.00 439.01 ± 94.94 429.51 ± 89.70 417.61 ± 99.04 < 0.001

Phosphorus (mmol/L) 1.41 ± 0.41 1.44 ± 0.42 1.40 ± 0.38 1.39 ± 0.42 0.106

Corrected-calcium (mmol/L) 2.67 ± 1.55 2.52 ± 1.27 2.65 ± 1.54 2.82 ± 1.79 0.002
Total cholesterol (mmol/L) 5.01 ± 1.33 5.00 ± 1.26 4.97 ± 1.28 5.06 ± 1.44 0.415

Triglyceride (mmol/L) 1.40 (1.00–2.01) 1.42 (1.02–2.04) 1.36 (1.00–1.90) 1.42 (0.97–2.07) 0.319

HDL-C (mmol/L) 1.23 ± 0.43 1.26 ± 0.44 1.21 ± 0.38 1.22 ± 0.48 0.085
LDL-C (mmol/L) 2.96 ± 1.00 2.92 ± 0.96 2.94 ± 0.93 3.00 ± 1.10 0.286

hs-CRP (mg/L) 1.66 (0.58–5.21) 1.16 (0.49–3.21) 1.67 (0.63–5.26) 2.51 (0.80–8.39) < 0.001

Neutrophil (109/L) 4.56 ± 1.72 3.70± 1.21 4.52 ± 1.38 5.43 ± 2.00 < 0.001
Lymphocyte (109/L) 1.53 ± 0.58 1.75 ± 0.62 1.50 ± 0.52 1.34 ± 0.52 < 0.001

Monocyte (109/L) 0.45 ± 0.20 0.44 ± 0.19 0.43 ± 0.19 0.47 ± 0.23 0.012

Total Kt/V 2.48 ± 0.80 2.48 ± 0.76 2.52 ± 0.92 2.45 ± 0.70 0.357
RRF (mL/min/1.73 m2) 3.31 (1.95–5.25) 3.48 (2.03–5.50) 3.47 (2.15–5.28) 2.91 (1.55–4.83) < 0.001

Serum creatinine (µmol/L) 716 (581–920) 747 (604–948) 729 (594–938) 681 (547–858) < 0.001

Note: P<0.05 is considered statistically significant. 
Abbreviations: NPAR, neutrophil percentage-to-albumin ratio; CVD, cardiovascular disease; LDL-C, low density lipoprotein cholesterol; HDL-C, high density 
lipoprotein cholesterol; hs-CRP, high sensitive C-reactive protein; RRF, residual renal function; Kt/V, urea clearance index.
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female, more likely to have a history of diabetes and CVD. In addition, patients in tertile 3 had higher CCI, corrected- 
calcium, neutrophil count, monocyte count, and hs-CRP levels, but lower hemoglobin, albumin, uric acid, lymphocyte 
count, RRF and serum creatinine levels (P < 0.05). Nevertheless, there were no significant differences in serum 
phosphorus, triglyceride, total cholesterol, HDL-C, LDL-C and total Kt/V among the three groups (P > 0.05).

Clinical Characteristics Associated with NPAR Levels
The results of association analysis between NPAR and the other clinical variables (Table 2) showed that NPAR levels 
were positively correlated with age, gender, BMI, CCI, corrected-calcium, total cholesterol, LDL-C, hs-CRP, monocyte 
counts and negatively correlated with hemoglobin, serum phosphorus, HDL-C, serum creatinine, lymphocyte counts and 
RRF (P < 0.05). However, there was no correlation between NPAR levels and triglyceride, and total Kt/V.

Association Between NPAR Levels and Mortality
During a median follow-up of 48.1 months (IQR: 21.7–77.2 months), 503 (25.6%) patients died, 460 (23.4%) underwent 
renal transplantation, 309 (15.7%) were transferred to HD, 75 (3.8%) went to other PD centers, and 71 (3.6%) patients 
were lost to follow-up. CVD death dominated 50.3% among the causes of death, followed by infection (19.3%).

Kaplan-Meier survival curves showed the cumulative rates of overall and cardiovascular survival (Figure 3). At 
the end of 1, 3, 5 and 10 years, the cumulative survival rates were 97.7%, 93.4%, 84.2% and 60.5% in tertile 1; 
96.3%, 87.4%, 79.5% and 56.6% in tertile 2; 93.7%, 78.5%, 62.0% and 39.0% in tertile 3. Cardiovascular survival 
rates at the end of 1, 3, 5, and 10 years were 99.3%, 96.8%, 91.4% and 80.0% in tertile 1; 97.9%, 93.3%, 88.3% and 
77.6% in tertile 2; 96.8%, 87.3%, 78.1% and 64.4% in tertile 3. Patients with higher NPAR levels had higher all- 
cause (Log Rank = 80.34, P < 0.001) and cardiovascular survival rate (Log Rank = 41.28, P < 0.001) among the 
three groups.

We conducted Cox proportional hazards models to assess the association between NPAR levels with all-cause and 
cardiovascular mortality (Table 3). After adjustment for age, gender, BMI, CCI, hemoglobin, corrected calcium, 
phosphorus, total cholesterol, triglyceride, hs-CRP, total Kt/V and RRF, the tertile 3 of NPAR was significantly associated 
with a higher risk of all-cause and cardiovascular mortality (HR 1.51, 95% CI 1.14–1.98, P = 0.004; HR 1.57, 95% CI 
1.07–2.31, P = 0.022; respectively) compared with tertile 1. Similar results could be found in the correlation between 

Table 2 Correlation of NPAR with Clinical Parameters

Variable Correlation Coefficient p-value

Age (years) 0.227 <0.001

Gender (male vs female) 0.089 <0.001
Body mass index (kg/m2) 0.046 0.041

Charlson comorbidity index 0.223 <0.001

Hemoglobin (g/L) −0.247 <0.001
Corrected-calcium (mmol/L) 0.087 <0.001

Phosphorus (mmol/L) −0.051 0.029

Triglyceride (mmol/L) −0.008 0.729
Total cholesterol (mmol/L) 0.047 0.037

HDL-C (mmol/L) −0.076 0.001

LDL-C (mmol/L) 0.083 <0.001
hs-CRP (mg/L) 0.193 <0.001

Lymphocyte (109/L) −0.292 <0.001

Monocyte (109/L) 0.061 0.008
Total Kt/V −0.002 0.938

RRF (mL/min/1.73 m2) −0.083 0.001

Note: P<0.05 is considered statistically significant. 
Abbreviations: LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipopro
tein cholesterol; hs-CRP, high sensitive C-reactive protein; RRF, residual renal function; Kt/V, 
urea clearance index.
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NPAR levels and all-cause and cardiovascular mortality when NPAR was considered as a continuous variable. For each 
1-unit increase NPAR levels, the risk of all-cause and cardiovascular mortality increased by 56% (HR 1.56, 95% CI 
1.18–2.05, P = 0.002) and 57% (HR 1.57, 95% CI 1.07–2.28, P = 0.020), respectively.

Figure 3 Kaplan-Meier survival curves for patients with different levels of NPAR. Cumulative mortality curves for (A) all-cause mortality, and (B) cardiovascular mortality 
according to the tertiles of baseline NPAR levels.

Table 3 The Association of NPAR with All-Cause and Cardiovascular Mortality

Model 1a Model 2b Model 3c

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

All-cause mortality
Continuous NPARd 2.54 (2.09–3.07) <0.001 1.74 (1.41–2.13) <0.001 1.56 (1.18–2.05) 0.002

Tertile 1 1.0 1.0 1.0
Tertile 2 1.35 (1.06–1.73) 0.015 1.21 (0.94–1.54) 0.136 1.14 (0.85–1.53) 0.369

Tertile 3 2.51 (2.01–3.14) <0.001 1.71 (1.36–2.15) <0.001 1.51 (1.14–1.98) 0.004

P for trend <0.001 <0.001 0.002

Cardiovascular mortality
Continuous NPARd 2.54 (1.94–3.32) <0.001 1.70 (1.27–2.27) <0.001 1.57 (1.07–2.28) 0.020
Tertile 1 1.0 1.0 1.0

Tertile 2 1.37 (0.97–1.94) 0.073 1.21 (0.85–1.71) 0.294 1.17 (0.77–1.78) 0.452

Tertile 3 2.55 (1.86–3.50) <0.001 1.74 (1.26–2.39) 0.001 1.57 (1.07–2.31) 0.022
P for trend <0.001 <0.001 0.016

Notes: aUnadjusted model. bAdjusted for age, gender, body mass index. cAdjusted for model 2 covariates and Charlson comorbidity index, hemoglobin, corrected 
calcium, phosphorus, total cholesterol, triglycerides, hs-CRP, total Kt/V and residual renal function. dPer unit increment in NPAR levels. P<0.05 is considered 
statistically significant. 
Abbreviations: HR, hazard ratio; CI, confidence interval.
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Comparison of Prognostic Values of Biological Biomarkers
ROC curves and the AUC were shown in Figure 4 and Table 4, respectively. The AUC values of all-cause mortality were 
0.62 (95% CI 0.60–0.65, P < 0.001) for NPAR, 0.55 (95% CI 0.52–0.58, P = 0.002) for NLR, 0.53 (95% CI 0.50–0.56, 
P = 0.088) for PLR, 0.57 (95% CI 0.54–0.60, P < 0.001) for MLR, and 0.54 (95% CI 0.51–0.57, P = 0.006) for LHR. For 
cardiovascular mortality, AUC were 0.61 (95% CI 0.57–0.65, P < 0.001) for NPAR, 0.56 (95% CI 0.52–0.60, P = 0.002) 
for NLR, 0.54 (95% CI 0.50–0.58, P = 0.051) for PLR, 0.55 (95% CI 0.51–0.59, P = 0.016) for MLR, and 0.53 (95% CI 
0.49–0.57, P = 0.142) for LHR. In the current study, NPAR showed superior predictive value for all-cause and 
cardiovascular mortality compared to NLR, PLR, LHR and MLR.

Moreover, given the strong correlation of the NPAR with diabetes and inflammatory markers, we further use the ROC 
curves and the AUC to evaluate whether this marker is better than simple markers such as neutrophil count, hsCPR, 
serum albumin, and history of diabetes. As shown in Supplement Figure 1 and Supplement Table 1, the AUC values of 
all-cause mortality were 0.62 (95% CI 0.60–0.65, P < 0.001) for NPAR, 0.66 (95% CI 0.64–0.70, P < 0.001) for diabetes, 

Figure 4 The ROC curves of NPAR, NLR, PLR, LHR, MLR ((A) for all-cause mortality, (B) for cardiovascular mortality) for predicting the all-cause and cardiovascular 
mortality in PD patients. 
Abbreviations: NPAR, neutrophil percentage-to-albumin ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LHR, LDL-C-to-HDL-C ratio; 
MLR, monocyte-to-lymphocyte ratio.

Table 4 Area Under the ROC Curve of Biomarkers for All-Cause 
and Cardiovascular Mortality

All-Cause Mortality Cardiovascular Mortality

AUC P-value AUC P-value

NPAR 0.62 <0.001 0.61 <0.001
NLR 0.55 0.002 0.56 0.002

PLR 0.53 0.088 0.54 0.051

LHR 0.54 0.006 0.53 0.142
MLR 0.57 <0.001 0.55 0.016

Note: P<0.05 is considered statistically significant. 
Abbreviations: AUC, area under the ROC curve; NPAR, neutrophil percentage-to- 
albumin ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; 
LHR, LDL-C –to- HDL-C ratio; MLR, monocyte-to-lymphocyte ratio.

Journal of Inflammation Research 2023:16                                                                                          https://doi.org/10.2147/JIR.S437256                                                                                                                                                                                                                       

DovePress                                                                                                                       
6277

Dovepress                                                                                                                                                                Yu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=437256.pdf
https://www.dovepress.com/get_supplementary_file.php?f=437256.pdf
https://www.dovepress.com
https://www.dovepress.com


0.64 (95% CI 0.61–0.67, P < 0.001) for hs-CRP, 0.65 (95% CI 0.63–0.68, P < 0.001) for albumin, and 0.59 (95% CI 
0.56–0.62, P < 0.001) for neutrophil count. For cardiovascular mortality, AUC were 0.61 (95% CI 0.57–0.65, P < 0.001) 
for NPAR, 0.65 (95% CI 0.61–0.69, P < 0.001) for diabetes, 0.64 (95% CI 0.60–0.68, P < 0.001) for hs-CRP, 0.63 (95% 
CI 0.60–0.67, P < 0.001) for albumin, and 0.59 (95% CI 0.55–0.63, P < 0.001) for neutrophil count.

Discussion
As we know, this was the first study to explore the relationship between NPAR and mortality among patients undergoing 
PD. In this retrospective cohort study, we discovered that elevated NPAR levels were significantly associated with higher 
all-cause and cardiovascular mortality in PD patients. Furthermore, among the five biomarkers (NPAR, NLR, PLR, MLR 
and LHR), we demonstrated that NPAR showed the best predictive value for all-cause and cardiovascular mortality.

In recent years, NPAR has been proposed as a novel marker for systemic inflammation, based on its combination with 
two clinical inflammatory evaluation parameters. In the current study, we discovered that NPAR levels was positively 
correlated with hs-CRP, LDL-C levels and negatively correlated with hemoglobin and RRF. A retrospective cohort study, 
which included 277 PD patients, indicated that individuals with CRP levels above 16.8 mg/L had a 2.62 times higher risk of 
all-cause death and a 2.60 times higher risk of cardiovascular events than the patients with CRP levels below 1.6 mg/L.16 In 
our study, we found a positive correlation between NPAR levels and hs-CRP levels, suggesting that increased NPAR levels 
may indicate the exacerbation of inflammation in PD patients, and NPAR can potentially be used as a marker to evaluate the 
inflammatory status in PD patients. LDL-C is a key contributor in the development of atherosclerosis and is strongly 
associated with cardiovascular disease.17 The positive correlation between NPAR and LDL-C indicated that PD patients 
with higher NPAR levels may suffer a greater risk of cardiovascular disease. Anemia is a common complication in patients 
with chronic kidney disease (CKD), and chronic inflammation is one of the factors that contributes to and exacerbates 
anemia, which could partially explain the negative correlation between NPAR and hemoglobin observed in our study.18,19 

Patients with elevated NPAR levels often experienced hypoalbuminemia, which led to renal ischemia and hypoxia by 
reducing circulatory volume and renal perfusion. Heyman et al demonstrated that ischemia and hypoxia in renal tissue 
induced the production of toxic mediators, which ultimately contribute to the decline of RRF in CKD patients.20 This may 
be one of the explanations for the negative correlation between NPAR levels and RRF.

Cardiovascular disease is the primary cause of death in PD patients, accounting for 52.7% of cases.21 Similar to 
previous studies, we found that 50.3% of patients died from cardiovascular disease. Numerous studies have explored the 
association between elevated NPAR levels and mortality in various populations, including myocardial infarction, heart 
failure, septic shock and acute kidney injury.22–25 In a retrospective study of 2942 critically ill patients with heart failure, 
it was found that those with elevated NPAR levels had significantly higher mortality rates at 30, 90, and 365 days 
compared to those with lower NPAR levels.24 Another cohort study of patients with ST-segment elevation myocardial 
infarction revealed that the risk of in-hospital mortality increased by 4.928 times for each unit increase in baseline NPAR 
levels.26 Our findings showed that the risk of all-cause and cardiovascular mortality was, respectively, 1.51 and 1.57 
times higher in the highest tertile of NPAR than in the lowest tertile. The association could be explained by the fact that 
increased neutrophil percentage and decreased albumin levels result in elevated NPAR levels, which may be able to 
reflect the existence of both the systemic inflammatory states and worsening nutritional status in PD patients. Our 
findings suggested that PD patients with elevated NPAR levels are more likely to have poor outcomes and require special 
attention and medical intervention in clinical practice.

Emerging evidences demonstrated that neutrophils contribute to various stages of atherosclerosis, mainly by stimulat
ing platelet adhesion, promoting the activation of endothelial cells and macrophages, boosting monocyte recruitment, and 
touching off the formation of atherosclerotic plaque.27–29 Besides, elevated neutrophil count increases the risk of adverse 
cardiovascular events through releasing inflammatory mediators and promoting endothelial regeneration and 
angiogenesis.30,31 Serum albumin has been found to maintain plasma colloid osmotic pressure and circulation volume, 
increase renal perfusion and urine volume, as well as exert antioxidant, anti-inflammatory, anticoagulant and antiplatelet 
aggregation effects.32–34 PD patients often experienced hypoalbuminemia, which is caused by a variety of factors, such as 
albumin loss during dialysis, decreased albumin synthesis and increased degradation due to chronic inflammation, 
insufficient protein intake, and albumin loss in the urine. There was a significant correlation between decreased serum 
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albumin levels and the loss of RRF, as well as an increased risk of all-cause mortality in PD patients.11,35 In conclusion, 
higher NPAR levels due to elevated neutrophil percentage and/or decreased serum albumin, to some extent, indicated an 
increased risk of cardiovascular adverse events or death in PD patients.

Previous studies have indicated that there have been similar biological biomarkers verified to predict mortality in PD 
patients, such as NLR, PLR, MLR and LHR.36–39 In the current study, we compare the predictive values of NPAR with 
NLR, PLR, MLR and LHR. Our findings revealed that NPAR had a higher AUC value compared with other four 
biomarkers and showed superior and more reliable predictive efficiency. One possible explanation for the superior 
predictive value of NPAR was that, being a combination of hematological and biochemical parameters, NPAR repre
sented more comprehensive evaluation function, whereas the other biomarkers contained only one aspect. Additionally, 
we compared the predictive value of NPAR with neutrophil count, serum albumin, hs-CRP, and history of diabetes in 
predicting all-cause and cardiovascular mortality of PD patients. The predictive value of NPAR was found to be better 
than neutrophil count but not superior to serum albumin, hs-CRP, and history of diabetes. In previous studies, history of 
diabetes and albumin had already been proved to be associated with elevated risk of all-cause or cardiovascular mortality 
in PD patients.13,40 As a new inflammatory biomarker, NPAR did not show the most excellent predictive value, while it 
did provide a new strategy for predicting the prognosis of PD patients beyond the classical biomarkers. Therefore, NPAR 
has the potential to become a novel effective prognostic predictor that can be applied across various medical institutions, 
which can help clinicians to identify PD patients at higher risk of mortality, enabling them to administer timely medical 
interventions and ultimately improve the patients’ survival.

Conclusion
In conclusion, the present study suggested that high NPAR level was an independent risk factor for all-cause and 
cardiovascular mortality in PD patients. Moreover, NPAR showed superior predictive value for mortality compared with 
NLR, PLR, MLR and LHR. NPAR could become a novel effective prognostic predictor widely applicable in outcome 
prediction for PD patients.
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