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Abstract

Background The neutrophil percentage-to-albumin ratio (NPAR) emerges as a novel inflammation marker,
demonstrating prognostic ability in a variety of cardiovascular diseases. However, its impact on mortality among
patients undergoing maintenance hemodialysis (MHD) remains uncertain. Our research aims to determine whether
NPAR is a reliable predictor of mortality in MHD patients.

Methods A total of 1803 MHD patients were recruited in this prospective cohort. Patients were stratified into three
groups based on baseline NPAR levels. The association between NPAR and all-cause and cardiovascular mortality
was evaluated using multivariate Cox proportional risk model and sensitivity analysis. NPAR's predictive performance
was assessed using the receiver operating characteristic (ROC) curve, compared to several conventional biomarkers,
including the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), neutrophil count, and serum
albumin. The area under the curve (AUC) values of NPAR and these biomarkers were compared using the DeLong’s
test.

Results Throughout a median follow-up period of 28 months, 239 (13.3%) patients died, with 91 (5.0%) dying of
cardiovascular disease. Both all-cause mortality and cardiovascular mortality exhibited remarkably higher within

the high NPAR group compared to the middle and low NPAR groups in the multivariate Cox regression analysis. The
adjusted hazard ratio was 1.550 (95% Cl: 1.110-2.166, P=0.010) for all-cause mortality and 1.844 (95% Cl: 1.058-3.212,
P=0.031) for cardiovascular mortality. This association was further corroborated by sensitivity analyses. The AUC values
of NPAR for all-cause mortality and cardiovascular mortality were 0.612 (95% Cl: 0.572-0.652, P<0.001) and 0.618 (95%
Cl:0.557-0.678, P<0.001), separately. The p-values for comparing NPAR's AUC with those of NLR, PLR, neutrophils, and
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albumin were 0.307,0.094, 0.014, and 0.154 for all-cause mortality, and 0.879, 0.126, 0.119, and 0.596 for cardiovascular

mortality.

Conclusion High NPAR level was independently associated with a higher increased risk of death in MHD patients.

Keywords Maintenance Hemodialysis patients, Neutrophil percentage-to-albumin ratio, Mortality, Inflammation

Introduction

Chronic kidney disease (CKD) represents a significant
and escalating public health challenge worldwide, affect-
ing approximately 843.6 million people globally [1]. With
declining renal function, hemodialysis is one of the domi-
nant renal replacement therapy (RRT) options for end-
stage kidney disease (ESKD) patients to improve their
quality of life. Despite advancements in dialysis, mortal-
ity remains high among hemodialysis patients, especially
in developed countries, contributing to a substantial
health burden [2]. According to a recent report by the
United States Renal Data System, arrhythmias and car-
diac arrest were identified as the leading causes of death
among hemodialysis patients, accounting for 47.1% of
deaths with a known cause. Additionally, cardiovascu-
lar diseases, including stroke, were responsible for more
than half (55.9%) of all known causes of death in this pop-
ulation [3].

A significant challenge for maintenance hemodialysis
(MHD) patients is the malnutrition-inflammation-ath-
erosclerosis (MIA) syndrome, which increases compli-
cations and mortality [4, 5]. Several factors contribute
to MIA syndrome, such as comorbidities, uremic toxins,
infections, and inadequate nutrient intake [6, 7]. These
factors lead to persistent inflammation and malnutri-
tion in MHD patients, which are linked to adverse clini-
cal outcomes. Persistent inflammation also contributes to
cardiovascular disease and malnutrition [8]. Therefore,
the establishment of inflammation-related parameters for
assessment of inflammatory status in MHD patients and
identifying individuals who are at high risk of mortality is
essential.

The neutrophil percentage-albumin ratio (NPAR),
which represents a new combined marker compris-
ing both neutrophil and serum albumin levels, has been
proven a favorable predictive and prognostic value in var-
ious diseases, including cancer, stroke, spinal cord injury,
acute kidney injury, and sepsis [9, 10, 11, 12, 13]. A recent
study has reported its ability to predict mortality in peri-
toneal dialysis patients [14]. However, to our knowledge,
the connection between NPAR and mortality in patients
receiving maintenance hemodialysis remains unexplored.
Hence, in this prospective cohort study, we evaluated the
effect of NPAR on mortality among MHD patients and
compared its prognostic value with other similar bio-
markers, such as neutrophil-to-lymphocyte ratio (NLR),

platelet-to-lymphocyte ratio (PLR), neutrophil count,
and serum albumin.

Materials and methods

Study population

This multicenter, prospective, observational cohort study
involved the collection of baseline clinical data from
patients undergoing hemodialysis at 18 centers across
Anhui Province, eastern China, from January to Decem-
ber 2020. Follow-up monitoring of these patients was
conducted from January 2021 to May 2023. Participants
meeting these criteria were included in the study: (1) age
beyond 18 years; (2) Patients undergoing hemodialysis
treatments for no less than three months. The follow-
ing were established as exclusion criteria: (1) age over 80
years; (2) pregnancy, persistent infections, or combined
severe brain, lung, liver, and other organ failure diseases,
such as hemiplegia, chronic respiratory failure, cirrhosis,
malignant tumors, psychosis, and other comorbidities;
(3) Patients without follow-up information and unable
to provide informed permission. Ethical approval for
this study was granted by the Research Ethics Commit-
tee of the Second Affiliated Hospital of Anhui Medical
University, following the principles of the Declaration of
Helsinki (No. PJ-YX2020-006). Written informed consent
was obtained from each subject.

Data collection

In this study, data were collected via Peking University’s
clinical data platform, “Six Yuan Space” [15]. Doctors
who participated in the data collection received profes-
sional training. Each center registered on the platform
for data acquisition, and the data were summarized and
reviewed by the chief project manager for quality control.
Clinical information was gathered on age, sex, body mass
index, smoking status, duration of dialysis, and pre-dial-
ysis blood pressure. Body mass index was calculated as
patient weight/height” (kg/m?). For smoking status, ces-
sation of smoking for at least 3 months was considered to
be a former smoker. Comorbidities were included hyper-
tension, diabetes mellitus, cardiovascular and cerebro-
vascular diseases. Meeting any of the following criteria
was recorded as hypertension: (1) Resting blood pres-
sure measurements were taken on different days, with
readings of >140/90 mmHg recorded on at least three
occasions; (2) Patients previously diagnosed with hyper-
tension who are currently receiving antihypertensive
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drugs. Patients were deemed to have diabetes mellitus if
they were clinically diagnosed with type I/II diabetes mel-
litus or currently receiving treatment with hypoglycemic
drugs. The occurrence of any of the following conditions
was defined as cardiovascular disease: myocardial infarc-
tion, congestive heart failure, coronary atherosclerotic
heart disease, malignant arrhythmia, and cardiac arrest
[16]. Cerebrovascular disease included cerebral infarc-
tion, transient ischemic attack, cerebral hemorrhage,
and carotid endarterectomy [17]. Laboratory variables
included white blood cells, neutrophils, lymphocytes,
serum albumin, red blood cells, hemoglobin, hematocrit,
platelets, alkaline phosphatase, creatinine, urea nitro-
gen, corrected calcium, serum phosphorus, and parathy-
roid hormone. A corrected serum calcium formula was
applied when serum albumin was lower than 40 g/L. This
formula was corrected Ca** (mmol/L) = total serum Ca?*
(mmol/L) +0.2x[4-Alb (g/L)/10]. Treatment consisted of
angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers, a/Preceptor blockers, calcium channel
blockers, fibrates, and a history of parathyroidectomy.

Clinical outcomes

The principal endpoint investigated was all-cause mortal-
ity in this study, with cardiovascular mortality as a sec-
ondary endpoint. We ascertained the cause of death of
patients through examination of medical charts, admin-
istering phone interviews with patients or their families,
and directly communicating with referring physicians.

Statistical analysis

NPAR was measured as percentage of neutrophils
divided by serum albumin. Participants’ baseline NPAR
levels were divided into three groups according to ter-
tiles: low NPAR group (<1.50, #=595), middle NPAR
group (1.50<, <1.76, n=612) and high NPAR group
(1.76<, n=596). Continuous variables with non-normal
distributions were reported using the median and inter-
quartile range (p25 and p75). Percentages were used for
categorical variable descriptions. The Kruskal-Wallis
test and chi-square test were utilized to examine the dis-
tinctions among NPAR groups. Given the inclusion of
over 30 independent variables, we employed a two-step
approach: first, univariate analyses, followed by multi-
variate analyses using Cox proportional hazards models.
Only those variables that were statistically significant
(p-values <0.05) in the univariate analysis were included
in the multivariate Cox roportional hazard model to
explore the association between NPAR and both all-
cause and cardiovascular mortality. Differences among
the three groups were evaluated using the log-rank test,
and survival analysis was conducted using Kaplan-Meier
curves.
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Receiver operating characteristic (ROC) curve analy-
sis was utilized in estimating the prognostic capacity of
NPAR and several traditional biomarkers, and calcu-
lated the area under the curve (AUC) for each biomarker.
The DeLong’s test was employed to assess differences
in AUC between NPAR and other inflammatory mark-
ers. Subjects were classified into two groups according
to the thresholds derived from the ROC curve analysis.
Additionally, study participants were reclassified into two
groups based on the median values of NPAR and NLR,
respectively. The Kaplan-Meier curves were then re-
evaluated to validate the robustness of our findings. SPSS
25.0 and R software (version, R-4.4.1) was conducted for
statistical analysis. The p-value of less than 0.05 indicated
statistical significance for all variables.

Results

Participant characteristics

The flowchart detailing the included participants was
presented in Fig. 1. This study enrolled 1803 hemodialysis
patients, with a median follow-up time of 28 months. The
median age of the selected patients was 54 (45, 63) years,
with 1071 (59.4%) male and 732 (40.6%) female. Addi-
tionally, the median BMI was 21.6 (19.3, 24.0) kg/m? and
1060 (58.8%) were never smokers. Among those patients,
1368 (75.9%) had hypertension, 434 (24.1%) had diabetes
mellitus, 285 (15.8%) had a history of cardiovascular dis-
ease, and 140 (7.8%) had a history of cerebrovascular dis-
ease. Out of 239 (13.3%) all-cause deaths, 91 (5.0%) were
due to cardiovascular diseases and another 148 (8.3%)
were due to non-cardiovascular diseases. Table 1 showed
comparisons of patients’ characteristics by NPAR ter-
tiles. Patients classified within the high NPAR group had
higher age, BMI, leukocyte counts, neutrophil counts,
and neutrophil percentage compared with those in the
low and middle NPAR groups (P<0.05). Lymphocyte
count, serum albumin level, red blood cell count, hemo-
globin, hematocrit, and creatinine were lower in the high
NPAR group compared to the other groups (P<0.05).
All-cause mortality, cardiovascular mortality and non-
cardiovascular mortality were also higher in the high
NPAR group (P<0.05).

Association between NPAR and all-cause and
cardiovascular mortality

The results of the multifactorial Cox proportional haz-
ards regression model were shown in Table 2. There
were three models constructed in this study for examin-
ing the correlation between NPAR and all-cause as well
as cardiovascular mortality. For NPAR and all-cause
mortality: model 1 did not include any covariate adjust-
ments; adjustments in model 2 included age, sex, and
BMI; model 3, dialysis duration, systolic blood pres-
sure, diabetes mellitus, history of cardiovascular disease,
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Collected clinical data on MHD patients from 18
hemodialysis centers from January 1, 2020 to May

31,2023 (n=1982)

Missing during follow-up (n=15)
Severe infection (n=25)

 J
Eligible patients (n=1803)

Death during follow-up (n=239)
Death from CVD (n=91)
Death from infection (n=41)
Death from other causes (n=57)
Death from unknown causes (n=50)
Renal transplantation (n=15)

Missing white blood cell count,
neutrophil count, or albumin data (n=139)

Fig. 1 Flow chart of the study population in this cohort. Abbreviations: MHD, maintenance hemodialysis; CVD, cardiovascular disease

parathyroidectomy, lymphocyte, serum creatinine, and
phosphorus were added as covariates to the adjustments
made in model 2. As for the NPAR and cardiovascular
mortality modeled as follows: model 1, no adjustment for
covariates; model 2 adjusted for age, sex, and BMI; model
3, model 2 plus dialysis duration, systolic blood pressure,
diabetes mellitus, history of cardiovascular disease, his-
tory of cerebrovascular disease, lymphocyte, and serum
creatinine. Hemodialysis patients with a high NPAR had
a increased risk of all-cause mortality. This correlation
was observed in model 1 (HR: 3.148 95% CI: 2.269-4.367,
P<0.001); model 2 (Adjusted HR: 2.873, 95% CI: 2.03—
4.065, P<0.001) and model 3 (Adjusted HR: 1.924, 95%
CI: 1.329-2.784, P=0.001) were significant. Similarly, a
high NPAR was remarkably related to an increased likeli-
hood of cardiovascular death. This relationship was also
apparent in model 1 (HR: 3.609, 95% CIL: 2.177-5.984,
P<0.001); model 2 (Adjusted HR: 3.300, 95% CI: 1.916—
5.685, P<0.001) and model 3 (Adjusted HR: 2.352, 95%
CI: 1.308-4.230, P=0.004). Moreover, we obtained con-
sistent results by converting NPAR from a continuous
variable to a tertiary variable (Table 2). Kaplan-Meier
curves depicting cardiovascular and all-cause mortality

across different NPAR levels were presented in Fig. 2.
Compared to patients in the middle and low NPAR
groups, Patients undergoing hemodialysis within the
high NPAR group encountered a greater cardiovascular
mortality (log-rank=19.148, P<0.001) and all-cause mor-
tality (log-rank=39.895, P<0.001). The findings of the
univariate Cox regression analysis were given in Supple-
mentary Table 1.

Comparison of prognostic value of NPAR with several
biomarkers

The ROC curve and area under the curve (AUC) were
exhibited in Fig. 3; Table 3, separately. For all-cause mor-
tality, the AUC value for NPAR was 0.612 (95%CI: 0.572—
0.652, P<0.001), NLR was 0.630 (95%CIL: 0.592-0.668,
P<0.001), PLR was 0.573 (95%CI: 0.534-0.612, P<0.001),
neutrophil count was 0.558 (95%CIL: 0.519-0.597,
P=0.004) and serum albumin was 0.589 (95%CI: 0.550—
0.627, P<0.001). The AUC values related to cardiovascu-
lar mortality were 0.618 (95% CI: 0.572—-0.652, P<0.001)
for NPAR, 0.614 (95% CI: 0.558—0.671, P<0.001) in rela-
tion to NLR, 0.564 (95% CI: 0.505-0.624, P=0.038) per-
taining to PLR, 0.572 (95% CI: 0.514-0.630, P=0.021) for
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Total Low NPAR group Middle NPAR group High NPAR group Pvalue
(n=1803) (<1.50,n=595) (1.50<,<1.76,n=612) (1.76<,n=596)

Demographic data
Age(years) 54(45,63) 52(44,59) 54(45,63) 55(47,65) <0.001
Male sex(%) 1071(594) 371(62.4) 359(58.7) 341(57.2) 0.176
BM\(Kg/mZ) 21.6(19.3,24.0) 21.1(19.1,23.9) 21.7(19.6,23.9) 21.8(19.4,24.4) 0.040
Follow-up time(months) 28(23,32) 30(24,32) 30(24,32) 28(19,31) <0.001
Dialysis time(months) 75(50,111) 78(51,108) 76(52,115) 74(43,110) 0.095
Systolic BP(mmHg) 140(128,156) 140(128,154) 141(129,157) 141(126,157) 0.490
Diastolic BP(mmHg) 80(71,90) 81(72,90) 80(71,90) 80(70,90) 0.104
Smoking status(%) 0.178

Never 1060(58.8) 342(57.5) 347(56.7) 371(62.2)

Current 280(15.5) 87(14.6) 105(17.2) 88(14.8)

Former 463(25.7) 166(27.9) 160(26.1) 137(23.0)
Comorbidity
Hypertension (%) 1368(75.9) 472(79.3) 464(75.8) 432(72.5) 0.022
Diabetes mellitus(%) 434(24.1) 101(17.0) 142(23.2) 191(32.0) <0.001
Cardiovascular disease(%) 285(15.8) 83(13.9) 87(14.2) 115(19.3) 0.017
Cerebrovascular disease(%) 140(7.8) 39(6.6) 42(6.9) 59(9.9) 0.058
Laboratory variables
NPAR 1.62(1.43,1.84) 1.35(1.23,1.43) 1.62(1.56,1.69) 1.94(1.84,2.11) <0.001
WBC(*10%/L) 6.1(5.0,7.3) 6.0(5.0,7.1) 6.0(4.9,7.3) 6.1(5.0,7.7) 0.025
Neutrophil count(*10%/L) 39(3.24.9) 34(284.2) 40(3.34.9) 44(3.5,5.6) <0.001
Neutrophil percentage 0.67(0.61,0.72) 0.59(0.53,0.64) 0.67(0.63,0.71) 0.73(0.69,0.77) <0.001
Lymphocyte(*1 0%/L) 1.3(1,1.6) 1.4(1.1,1.8) 1.2(1.0,1.6) 1.1(0.8,14) <0.001
Albumin(g/L) 41(37.4,44.4) 44.6(41.4/47.1) 41.5(39.0,44.0) 36.9(34.2,394) <0.001
RBC(*10%/L) 3.6(3.24) 3.7(33.34.2) 3.6(3.24.0) 3.5(3.1,39) <0.001
Hemoglobin(g/L) 110(99,121) 113(102,125) 110(99,121) 106(94,117) <0.001
Hct 34.1(30.7,38.0) 35.4(31.5,39.0) 34.2(31.0,38.0) 33.0(29.0,36.8) <0.001
Platelet(*10%/L) 157(121,199) 158(126,197) 157(119,199) 155(117,203) 0513
ALP(U/L) 87(67,116) 88(68,117) 87(65,119) 86(69,112) 0771
Cr(umol/L) 845(677,1024) 854(689,1046) 868(681,1046) 821(660,988) 0.009
BUN(mmol/L) 21(16.2,26.2) 20.2(15.7,24.9) 21.5(16.9,26.4) 214(16.3,27.1) <0.001
Corrected Ca?*(mmol/L) 2.31(2.17,245) 233(2.18,2.44) 2.30(2.18,2.46) 2.29(2.15,2.45) 0.228
Phosphorus(mmol/L) 1.8(1.5,2.2) 1.8(1.5,2.2) 1.9(1.5,2.2) 1.8(1.4,2.2) 0.032
iPTH(pg/ml) 314.5(156.0,581.0) 331.0(151.7,605.4) 317.1(169.3,580.4) 287.3(147.4,534.7) 0.274
Treatments
ACEI(%) 105(5.8) 34(5.7) 36(5.9) 35(5.9) 0.990
ARB(%) 356(19.7) 115(19.3) 129(21.1) 112(18.8) 0.579
Short CCB(%) 82(4.5) 32(54) 24(3.9) 26(4.4) 0462
Long CCB(%) 941(52.2) 308(51.8) 331(54.1) 302(50.7) 0478
a-receptor blocker(%) 76(4.2) 29(4.9) 25(4.1) 22(3.7) 0.586
B-receptor blocker(%) 356(19.7) 122(20.5) 126(20.6) 108(18.1) 0476
a+ B receptor blocker(%) 39(2.2) 9(1.5) 14(2.3) 16(2.7) 0.368
Fibrates(%) 204(11.3) 63(10.6) 75(12.3) 66(11.1) 0.642
Parathyroidectomy (%) 117(6.5) 43(7.2) 39(6.4) 35(5.9) 0.631
Cause of death
All-cause mortality(%) 239(13.3) 58(9.7) 63(10.3) 118(19.8) <0.001
Cardiovascular mortality(%) 91(5.0) 20(3.4) 24(3.9) 47(7.9) 0.001

Non-cardiovascular mortality(%) 148(8.3) 38(6.3) 39(6.4) 71(11.9) 0.001
Abbreviations: NPAR, neutrophil percentage-to-albumin ratio; BMI, body mass index; BP, blood pressure; WBC, white blood cell; RBC, red blood cell; Hct, hematocrit;
ALP, alkaline phosphatase; Cr, creatinine; BUN, blood urea nitrogen; iPTH, immunoreactive parathyroid hormone; ACEl, angiotensin converting enzyme inhibitor;
ARB, angiotensin receptor blocker; CCB, calcium channel blockers
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Table 2 Association of the neutrophil percentage-to-albumin ratios with all-cause mortality and cardiovascular mortality

Model 1 Model 2 Model 3
HR (95%Cl) Pvalue HR (95%Cl) P value HR (95%Cl) Pvalue
All-cause mortality
NPAR(Continuous) 3.148(2.269-4.367) <0.001 2.873(2.03-4.065) <0.001 1.924(1.329-2.784) 0.001
NPAR(Categories)
Low NPAR group Reference Reference Reference Reference Reference Reference
Middle NPAR group 1.052(0.736-1.503) 0.782 0.987(0.690-1.412) 0.945 0.891(0.620-1.280) 0.533
High NPAR group 2.273(1.659-3.114) <0.001 1.992(1.449-2.738) <0.001 1.550(1.110-2.166) 0.010
Cardiovascular mortality
NPAR(Continuous) 3.609(2.177-5.984) <0.001 3.300(1.916-5.685) <0.001 2.352(1.308-4.230) 0.004
NPAR(Categories)
Low NPAR group Reference Reference Reference Reference Reference Reference
Middle NPAR group 1.166(0.644-2.111) 0612 1.089(0.600-1.973) 0.780 1.011(0.554-1.845) 0.972
High NPAR group 2.627(1.556-4.434) <0.001 2.273(1.340-3.854) 0.002 1.844(1.058-3.212) 0.031

Model 1: unadjusted; Model 2: adjusted for age, sex, BMI; Model 3 for all-cause mortality: adjusted for model 2 and dialysis duration, systolic blood pressure, diabetes
mellitus, history of cardiovascular disease, parathyroidectomy, lymphocyte, serum creatinine, and phosphorus. Model 3 for cardiovascular mortality: adjusted for
model 2 and dialysis duration, systolic blood pressure, diabetes mellitus, history of cardiovascular disease, history of cerebrovascular disease, lymphocyte, and
serum creatinine

Abbreviations: HR, hazard ratio; Cl, confidence interval

A All-cause mortality B Cardiovascular mortality
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Fig. 2 Kaplan-Meier curves for mortality according to NPAR tertiles
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Fig. 3 The ROC curves of NPAR, Neutrophil count, Alb, NLR and PLR for predicting mortality
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Table 3 Area under ROC curve for several biomarkers

All-cause mortality Cardiovascular mortality

AUC 95%(Cl Pvalue AUC 95%Cl Pvalue
NPAR 0.612 0.572-0.652 <0.001 0.618 0.557-0.678 <0.001
Neutrophil count 0.558 0.519-0.597 0.004 0.572 0.514-0.630 0.021
Alb 0.589 0.550-0.627 <0.001 0.604 0.546-0.663 0.001
NLR 0.630 0.592-0.668 <0.001 0.614 0.558-0.671 <0.001
PLR 0.573 0.534-0.612 <0.001 0.564 0.505-0.624 0.038

Abbreviations: AUC, area under the ROC curve; NPAR, neutrophil percentage-to-albumin ratio; Alb, albumin; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
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Fig. 4 DCA curves for NPAR and other markers in predicting all-cause (A) and cardiovascular mortality (B)

neutrophil count, and serum albumin was 0.604 (95% CI:
0.546-0.663, P=0.001). In the present study, NPAR dem-
onstrated a higher AUC value for predicting cardiovascu-
lar mortality compared to NLR, PLR, neutrophil count,
and serum albumin. However, the DeLong’s test revealed
no statistically significant difference in AUC between
NPAR and these inflammatory markers (P>0.05). Simi-
larly, while the AUC value of NPAR was slightly lower
than that of NLR for predicting all-cause mortality, the
DeLong’s test again indicated no significant difference in
AUC between the two (P>0.05). Notably, the DeLong’s
test comparing the AUC between NPAR and neutrophil
counts suggested that NPAR was a stronger predictor
of all-cause mortality than neutrophil counts alone. The
DeLong’s test results of NPAR with other markers were
summarized in Supplementary Table 2.

Decision curve analysis

Clinical decision curves for the prediction of all-cause
and cardiovascular mortality using NPAR and other
markers such as NLR, PLR, neutrophil count, and albu-
min were shown in Fig. 4. For all-cause mortality, the
net benefit of the NPAR, NLR, PLR, neutrophil, and
albumin curves was higher than that of the “all-patient
intervention” and “no intervention” strategies within the

thresholds of 0.01-0.408, 0.01-0.405 and 0.696-0.928,
0.01-0.386, 0.01-0.433, and 0.01-0.407, respectively.
These findings suggested that, within these specific
threshold intervals, these markers were effective in differ-
entiating patients at high risk of death. For the prediction
of cardiovascular mortality, the thresholds for the NPAR
curve ranged from 0.01 to 0.206, the NLR curve from
0.01 to 0.167 and 0.356 to 0.652, the PLR curve from
0.01 to 0.164, the neutrophil curve from 0.01 to 0.202,
0.260 to 0.308, and 0.336-0.352, and the albumin curve
from 0.01 to 0.185. Within these ranges, the net benefits
of the curves were significantly higher than those of the
“all-patient intervention” and “no intervention” strate-
gies. These results indicated that each of the markers
evaluated provided a higher net benefit compared to the
extremes of “All” and “None”. The decision curve analysis
(DCA) curves for NPAR and other markers, plotted sepa-
rately for all-cause and cardiovascular mortality predic-
tion, were shown in Supplementary Fig. 1-5 and Fig. 6-10.

Sensitivity analysis

The ROC curve analysis determined that the optimal
threshold of NPAR for predicting all-cause mortality was
1.765, with a sensitivity of 0.494 and a specificity of 0.699.
Based on this threshold, patients were categorized into
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Fig. 5 Kaplan-Meier curves for mortality in two patient groups classified by ROC-derived thresholds

two groups: group A (NPAR<1.765), which consisted of
588 patients, and group B (NPAR>1.765), which com-
prised 1215 hemodialysis patients. Similarly, for predict-
ing cardiovascular mortality, the ROC-derived threshold
for NPAR was also 1.765, corresponding to a sensitivity
of 0.516 and a specificity of 0.684. Patients were divided
into the same groups (group A and group B) according to
this threshold. As illustrated in Fig. 5, the Kaplan-Meier
curves for both all-cause mortality and cardiovascular
mortality showed significant differences between the
two groups (P<0.001). Specifically, patients in group B
(NPAR >1.765) had significantly higher rates of all-cause
mortality (log-rank=42.299, P<0.001) and cardiovascu-
lar mortality (log-rank=19.946, P<0.001) compared to
patients in group A (NPAR<1.765). Similar results were
observed for the two groups stratified by the median val-
ues of NPAR and NLR. Their Kaplan-Meier curves are
depicted in Supplementary Fig. 13-14.

Discussion

Our findings manifested a significant correlation between
higher NPAR and heightened risks of both all-cause
and cardiovascular mortality among MHD patients.
After adjusting for confounders, the high NPAR group
remained remarkably connected to all-cause and cardio-
vascular mortality compared with patients in the moder-
ate NPAR and low NPAR groups. Additionally, sensitivity
analyses further demonstrated that MHD patients with
higher NPAR levels experienced higher all-cause and
cardiovascular mortality. Similar to the other four bio-
markers, NPAR also showed some potential in predicting
both all-cause and cardiovascular mortality. Notably, this
was the first research to evaluate the predictive potential
of NPAR in hemodialysis patients, which implied that
NPAR might be a promising parameter for predicting
adverse prognosis.

Two critical risk factors that contribute to mortality in
patients with chronic kidney disease are inflammation
and malnutrition [18]. The causes of chronic inflamma-
tion associated with MHD patients include hypoxia,

oxidative stress, immune dysfunction, and uremic tox-
ins [8]. Persistent chronic inflammation is recognized
to confer many complications including atherosclerosis,
which enhances the risk of worse prognosis in MHD
patients [19, 20]. Neutrophils play an essential role in
both acute and chronic inflammation, contributing to
innate immunity and infection, and their levels reflect
the intensity of inflammation and infection in the body
[21, 22]. Several investigations have confirmed that ele-
vated neutrophils are related to a higher mortality rate in
patients with end-stage renal disease [23, 24, 25]. Serum
albumin, an important protein involved in antioxidant
and anti-inflammatory functions, is frequently cited as
a key clinical indicator of nutritional status [26]. Factors
such as persistent chronic inflammation, lower nutri-
ent intake, decreased synthesis, altered catabolism, and
renal dialysis can lead to diminished serum albumin
levels. Serum albumin levels are often reduced in MHD
patients, reflecting malnutrition and systemic inflamma-
tion [27]. Low albumin levels have also been shown to be
a valid predictor of mortality risk in MHD patients [28].
Chronic inflammation, which is frequently observed in
MHD patients, can exacerbate malnutrition by reducing
protein intake, increasing muscle catabolism, and sup-
pressing appetite [29]. The interaction between inflam-
mation and malnutrition affects both the metabolism and
synthesis of albumin, leading to lower serum albumin
concentrations [30].

NPAR refers to the ratio of neutrophil percentage to
albumin level, with a high NPAR typically resulting from
either an elevated neutrophil count or a decreased albu-
min level. Unlike single biomarkers, NPAR encompasses
both the inflammatory and nutritional status of the
patient, making it more indicative of unfavorable clini-
cal outcomes. Extensive literature supported the predic-
tive value of NPAR, illustrating its superiority over both
neutrophil percentage and serum albumin as a prognos-
tic marker. In various non-renal diseases, for example,
a study that included 2,166 critically ill patients with
severe sepsis or septic shock found that higher NPAR
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was correlated with an elevated risk of all-cause mortal-
ity at 30, 90, and 365 days in these patients [14]. Even
after adjusting for confounding variables, another study
involving stroke patients indicated a notable correlation
between elevated NPAR levels and a heightened prob-
ability of all-cause mortality [12]. High levels of NPAR
have also been proved to independently contribute to
the increased risk of all-cause mortality in patients with
various cardiovascular diseases, such as atrial fibrillation,
coronary artery disease, heart failure, and cardiogenic
shock [31, 32, 33]. Recent findings from a longitudinal
study found that higher NPAR is independently corre-
lated with a greater risk of death in community-dwelling
U.S. adults with COPD [34]. On the other hand, the role
of NPAR has been evidenced in patients with renal dis-
ease. A study involving 1966 patients receiving peritoneal
dialysis in a retrospective cohort design found a height-
ened risk of all-cause and cardiovascular mortality linked
to elevated NPAR levels [35]. High levels of NPAR have
equally been confirmed as an independent predictor of
all-cause mortality in critically ill patients with acute kid-
ney injury [15].

Despite these evidences, the link between NPAR and
mortality for patients undergoing MHD is uncertain. Our
results revealed that the risk of all-cause and cardiovas-
cular mortality in the highest tertile of NPAR was 1.550
and 1.844 times higher than that in the lowest tertile,
respectively. This suggested a worse prognosis for MHD
patients with elevated NPAR levels. Besides, it has been
previously shown that several classical biomarkers such
as NLR and PLR have been shown to predict mortality
in MHD patients [36, 37, 38]. The predictive ability of
the biomarkers examined in this study was demonstrated
through various analyses. We compared the AUC values
of NPAR with those of other biomarkers and assessed
the differences between them. The results revealed that,
while the AUC of NPAR for predicting all-cause mor-
tality exceeded that of PLR, neutrophils, and serum
albumin, it was lower than that of NLR. According to
the DeLong’s test, no significant difference was found
between the AUC values of NPAR and those of NLR,
PLR, neutrophils, and serum albumin (P>0.05). The
only significant difference was observed when compar-
ing the AUC of NPAR with neutrophils (P<0.05). This
finding indicates that NPAR, as a composite biomarker,
has superior predictive performance for all-cause mor-
tality in MHD patients compared to a single neutrophil
count. In predicting cardiovascular mortality, although
the AUC of NPAR was higher than that of other mark-
ers, the DeLong’s test showed no significant difference
in AUC values between NPAR and the other biomark-
ers (P>0.05). Furthermore, the decision curve analy-
sis (DCA) for NPAR and the other biomarkers revealed
that these biomarkers were effective in distinguishing
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high-risk patients within specific threshold ranges, thus
offering valuable insights for clinical decision-making. It
is worth noting that the DCA analysis also revealed that
the threshold range for NPAR in predicting all-cause
mortality is between 0.01 and 0.408, whereas the thresh-
old range for NLR spans from 0.01 to 0.405 and 0.696 to
0.928. While both markers have similar lower threshold
ranges, the NLR’s threshold extends further into higher
values, suggesting a broader range of risk assessment.
This suggests that NLR performs well across a broader
threshold range, demonstrating more stable clinical pre-
dictive ability. In contrast, NPAR exhibited a narrower
range of net benefit, predominantly focused on the low-
risk category, indicating that it may be more suitable for
the early screening or management of low-risk patients.
In addition to predicting all-cause mortality, the thresh-
old ranges for NLR and NPAR in predicting cardiovas-
cular mortality also showed similar patterns. Specifically,
the NLR threshold ranges from 0.01 to 0.167 and 0.356 to
0.652, while the NPAR threshold range spans from 0.01
to 0.206. This indicates that NLR has a broader range
of predictive thresholds, allowing it to identify a wider
group of high-risk patients. Additionally, NLR requires
only the neutrophil-to-lymphocyte ratio, which is simple
to calculate and easy to implement in clinical practice.
However, NPAR necessitates the measurement of serum
albumin, adding complexity and potential cost, espe-
cially in resource-limited settings. Overall, although the
predictive power of NPAR did not surpass that of NLR
in this study, it highlights the potential of this biomarker,
which integrates inflammatory (neutrophils) and nutri-
tional (albumin) parameters. This dual focus may provide
a more comprehensive understanding of the pathophysi-
ologic status of MHD patients. NPAR’s emphasis on
both inflammation and nutrition could offer some valu-
able insights for assessing inflammatory and nutritional
status, particularly in specific patient subgroups such as
those with severe malnutrition or chronic inflammation.
Therefore, further studies are warranted to validate the
incremental utility of NPAR and to explore its potential
role as an adjunct biomarker.

This study has several strengths. For instance, its rela-
tively large sample size contributes to improved repre-
sentativeness. Additionally, as a multicenter, prospective
cohort study, it provides a solid foundation for reliability.
Nonetheless, it’s essential to acknowledge certain limita-
tions. Firstly, this study carries the possibility of follow-
up bias, which could affect the accuracy of the results.
Secondly, both neutrophil percentage and albumin were
continuously and dynamically changing, we collected
variables only at baseline, which may introduce random
errors. Thirdly, even though we exerted our best efforts
to control for bias using multivariate modes, there were
still other known or unknown factors. Fourthly, due to a
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lack of data, we were unable to collect additional inflam-
matory markers such as C-reactive protein, interleukin-6,
and procalcitonin for comparison with NPAR. Further-
more, key parameters related to hemodialysis, including
dialysis adequacy (expressed as Kt/V urea), type of vas-
cular access, dialysis filter use, and dialysate glucose com-
position, were also not collected and thus not included in
this study. Finally, considering the potential racial dispar-
ities in susceptibility to hypoalbuminemia, further vali-
dation of our findings is warranted across diverse racial
populations.

Conclusion

In conclusion, our research established that in patients
with MHD, a high level of NPAR was independently
linked to both all-cause and cardiovascular mortality.
NPAR could potentially serve as a valuable biomarker for
predicting unfavorable prognosis of MHD patients.
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