Journal of Inflammation Research Dovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Association of Neutrophil Percentage-to-Albumin
Ratio with All-Cause and Cardiovascular Mortality
in Maintenance Hemodialysis Patients:

A Retrospective Study

Hongying Jiang"*, Mei Yuan'*, Luohua Li**, Shiyu Zhou?"’, Lilan Huang', Licong Su®”’, Yihua Bai'

'Department of Nephrology, The Second Affiliated Hospital of Kunming Medical University, Kunming, Yunnan Province, 650101, People’s Republic of
China; 2Department of Nephrology, Jiujiang No. | People’s Hospital, Jiujiang, Jiangxi Province, 332000, People’s Republic of China; 3Department of
Nephrology, Nanfang Hospital, Southern Medical University, Guangzhou, Guangdong Province, 510515, People’s Republic of China; “National Clinical
Research Center for Kidney Disease, Guangzhou, Guangdong Province, 510515, People’s Republic of China; *State Key Laboratory of Organ Failure
Research, Guangzhou, Guangdong Province, 510515, People’s Republic of China; ®Guangdong Provincial Institute of Nephrology, Guangzhou,
Guangdong Province, 510515, People’s Republic of China; ’Guangdong Provincial Key Laboratory of Renal Failure Research, Guangzhou, Guangdong
Province, 510515, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Yihua Bai, Department of Nephrology, The Second Hospital Affiliated to Kunming Medical University, No. 374, Dianmian Avenue,
Kunming, Yunnan Province, 650101, People’s Republic of China, Tel +86-13658897696, Email baiyihua@kmmu.edu.cn; Licong Su, Division of
Nephrology, Nanfang Hospital, Southern Medical University, No. 1838, North Guangzhou Avenue, Guangzhou, Guangdong Province, 510515, People’s
Republic of China, Tel +86-13658897696, Email 366036797 @qq.com

Aim: Patients undergoing maintenance hemodialysis (MHD) are prone to chronic inflammation, which often leads to the elevation of
various inflammatory biomarkers. This study aims to investigate whether the neutrophil percentage-to-albumin ratio (NPAR), a novel
biomarker linked to inflammation, increases the likelihood of both overall and cardiovascular mortality in these patients.

Methods: This retrospective cohort study, conducted across multiple centers, utilized data from the China Renal Data System (CRDS)
Database collected between 2010 and 2022. A total of 10,067 eligible participants were included, with follow-up data available until
December 31, 2022. Univariate and multivariate Cox regression analyses, Kaplan-Meier survival curves, competing risk plots, and
restricted cubic splines were applied to investigate the association between NPAR and both overall and cardiovascular mortality in
patients undergoing MHD. Additionally, time-dependent ROC analysis and C-index were employed to assess the predictive ability of
NPAR for short-term and long-term outcomes in MHD patients.

Results: Among 10,067 eligible individuals, 1759 deaths from any cause were recorded over a median follow-up period of 50.9
months, with 453 of these deaths attributed to cardiovascular causes. Multivariate Cox regression models revealed that high NPAR
levels were significantly associated with both all-cause mortality (HR 3.73, 95% CI 2.94-4.73) and cardiovascular mortality (HR 2.38,
95% CI 1.50-3.79). In subgroup analysis, the effect of elevated NPAR levels on the prediction of all-cause mortality was consistent
across the seven pre-specified subgroup strata (all P for interaction > 0.05). Sensitivity analysis confirmed that NPAR remained
significantly associated with all-cause mortality. Time-dependent ROC analysis showed that the AUC for NPAR in predicting all-cause
mortality at overall, 1, 3, 5, and 10 years was 0.69, 0.70, 0.68, 0.65, and 0.62, respectively. For cardiovascular mortality, the
corresponding values were 0.65, 0.68, 0.65, 0.64, and 0.61, respectively. For all-cause mortality, the adjusted C-index was 0.76
(95% CI: 0.74-0.78), while for cardiovascular mortality, the adjusted C-index was 0.82 (95% CI: 0.79-0.85).

Conclusion: In MHD patients, elevated NPAR levels were significantly associated with an increased risk of both overall and
cardiovascular mortality, and demonstrated greater accuracy in predicting short-term outcomes.

Keywords: hemodialysis, neutrophil percentage-to-albumin ratio, cardiovascular mortality, all-cause mortality, China renal data
system database
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Introduction

Chronic kidney disease (CKD) has become a significant contributor to the global disease burden, affecting more than
10% of the world’s population." Hemodialysis is the most commonly used form of renal replacement therapy for CKD
patients once they progress to uremia. Globally, over 3.5 million people receive dialysis treatment, with more than 90%
undergoing hemodialysis.> Hemodialysis patients generally experience more complications than those with other chronic
diseases, with the average 5-year survival rate falling below 50%. Premature cardiovascular and cerebrovascular events,
inflammation, malnutrition, and other factors are key contributors to poor patient outcomes.

Hemodialysis patients are prone to developing protein-energy wasting (PEW), a condition with a complex pathogen-
esis. The core mechanism involves an imbalance between protein synthesis and breakdown. Additionally, proinflamma-
tory factors can exacerbate PEW by increasing the basal metabolic rate and reducing protein synthesis.* Albumin not
only reflects nutritional status but also indicates the level of inflammation in the body.> As the release of proinflammatory
factors increases, a vicious cycle is established, ultimately leading to a significant increase in the likelihood of
cardiovascular events and adverse outcomes among dialysis patients. Therefore, early assessment of a patient’s inflam-
matory status and nutritional condition becomes crucial.

NPAR is a novel composite marker of systemic inflammation and malnutrition. It has been used to predict the
prognosis of various diseases.®® Elevated NPAR has been identified as an independent predictor of higher prevalence of
CKD and increased all-cause mortality in peritoneal dialysis patients.”'? However, studies investigating the relationship
between NPAR and outcomes in MHD patients remain limited. Cardiovascular disease significantly impacts the
prognosis of MHD patients, and elevated NPAR levels are strongly associated with an increased risk of cardiovascular
death. Therefore, elevated NPAR levels may be linked to a higher likelihood of death in MHD patients. A similar
multicenter study published in BMC Nephrology in May 2025 explored the relationship between NPAR and mortality
outcomes in maintenance hemodialysis (MHD) patients. The study found that elevated NPAR levels are significantly
associated with both all-cause and cardiovascular mortality in MHD patients.'" This study provides important context for
our work. Our study included a larger sample size, offering a more reliable analysis of both all-cause and cardiovascular
mortality, while further investigating the potential role of NPAR in predicting long-term outcomes in MHD patients.

Data Collection and Methods
Study Design and Data Source

This multicenter retrospective cohort study investigated the association between the NPAR and both all-cause and
cardiovascular mortality in MHD patients. Data were obtained from the CRDS Database, a national clinical registry
coordinated by Nanfang Hospital, Southern Medical University (Guangzhou, China). The CRDS collects structured
clinical data from over 33 large central hospitals across China, ensuring robust nationwide representation. The study
included patients who initiated maintenance hemodialysis between January 1, 2010, and December 31, 2022. These
patients underwent physical examinations, laboratory tests, and surveys conducted by trained healthcare personnel. The
collected data were then uploaded to the CRDS database. All CRDS data were cleaned, standardized, de-identified, and
merged prior to analysis. The dataset includes demographic characteristics, vital signs, chronic diseases, medication
records, laboratory test results, and prognostic outcomes.

Study Population

The database was cleaned, standardized, anonymized, and merged. The time horizon for the survival data ranged from the
interview date to either the date of death or the cut-off date (December 31, 2022). Inclusion criteria: (1) Aged 18 years or older;
(2) On hemodialysis for at least 6 months; (3) Visited the hemodialysis center at least twice a week and provided laboratory
data; (4) Outcomes recorded during the monitoring period. Exclusion criteria: (1) History of malignancy or significant organ
dysfunction affecting inflammatory biomarkers, specifically involving the heart (eg, NYHA class III-IV heart failure), liver
(eg, decompensated cirrhosis), lungs (eg, advanced COPD with frequent exacerbations), or a history of renal transplantation);
(2) Active infections within one month prior to enrollment, including catheter-related infections, arteriovenous fistula
infections, respiratory infections (eg, influenza, viral, or bacterial pneumonia), and systemic infections (eg, sepsis originating
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from the urinary or gastrointestinal tract, bacteremia secondary to skin or soft tissue infections, tuberculosis with systemic
signs, or infective endocarditis); (3) Incomplete follow-up data or missing key laboratory results. Ultimately, 10,067 eligible
participants were included in the study, as shown in Figure 1.

Data Collection

This study collected a variety of data, including demographic information, vital signs, and laboratory results. These
included sex, age, body mass index (BMI), and medical history of cardiovascular disease (CVD), hypertension, diabetes,
use of angiotensin-converting enzyme inhibitors and angiotensin receptor blockers (RAAS;i), systolic blood pressure (SBP),
hemoglobin (Hb), white blood cell count (WBC), neutrophil count and percentage, albumin levels (ALB), liver enzymes
(ALT, AST), creatinine(Scr), uric acid(UA), blood urea nitrogen(BUN), potassium(K), phosphorus(P), cholesterol profiles
(HDL-C, LDL-C, TC), and albumin/globulin ratio (A/G). The neutrophil percentage-to-albumin ratio (NPAR), the primary
variable, was calculated by dividing the neutrophil percentage by the albumin concentration (g/dL). Missing data were
assessed for all variables. Variables with less than 5% missing data were handled using complete case analysis. For
variables with 5% to 20% missing data, multiple imputation using chained equations (MICE) was applied under the missing
at random (MAR) assumption. Variables with more than 20% missing data were excluded from the analysis.

CRDS 2010-2022
n = 37847

Excluded:

l.age<18

< 2.maintenance hemodialysis less than 6 months

3.malignant tumor. catheter and fistula infection
occurred within the past month

n=21154

Excluded:
4.Kidney transplant
S.incomplete data about neutrophils percentage
and albumin

A

A4

n=14051

Excluded:
6.Follow-up failure

y

Analyzable cases(n=10067)

A 4

grouping based on
NPAR quartile
v v v v

QI1(NPAR<15.93,n= Q2(15.93<NPAR<I Q3(18.79<NPARS2 Q4(NPAR>22.54,n=
2517) 8.79,n=2517) 2.54,1=2516) 2517)

Figure | Flowchart of sample selection from the CRDS.
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Follow-Up and Outcomes

Follow-up commenced on the date when the patient initiated maintenance hemodialysis and continued until either the
date of death or the prespecified study end date (December 31, 2022), whichever occurred first. The primary outcomes of
this study were all-cause mortality and cardiovascular-related mortality. All-cause mortality refers to death from any
cause recorded in the CRDS database up to December 31, 2022. Cardiovascular mortality, as defined by the International
Classification of Diseases, Tenth Revision (ICD-10), includes deaths resulting from cardiac diseases (codes 100-109, 111,
113, 120-151) and cerebrovascular diseases (codes 160-169).'>

Statistical Analysis

Descriptive statistical analysis was performed to characterize and summarize the population. For normally distributed
variables, continuous data are presented as the mean + standard error, while skewed data are reported as the median
(interquartile range). Categorical variables are summarized as frequencies and percentages. NPAR was classified into
quartiles, with the following groups based on NPAR levels: quartile 1 (<15.93), quartile 2 (>15.93 and <18.79), quartile 3
(>18.79 and <22.54), and quartile 4 (>22.54). The P trend value was also calculated. Survival estimates and cumulative
incidence were compared using Kaplan-Meier analysis and competing risk models. Cox regression models were applied to
assess the association between NPAR levels and both overall and cardiovascular-related mortality. Additionally, sensitivity
analyses excluded patients from the death group who survived less than 24 months to minimize the risk of reverse causality
bias. A subgroup analysis was conducted based on general information, chronic disease history, and medication history to
examine the relationship between NPAR and overall mortality, including potential interactions across different stratification
factors. Time-dependent ROC and area under the curve (AUC) analyses were conducted to assess the predictive ability of
NPAR for overall and cardiovascular-related mortality at different survival times. Statistical analyses were performed using
RStudio (version 4.4.1), with a p-value of less than 0.05 considered statistically significant.

Results

Baseline Demographic and Clinical Characteristics

A total of 10,067 participants (2010-2022) were included in the study, with 1759 deaths recorded during the follow-up
period, of which 453 were attributed to cardiovascular causes. Men accounted for 63.21% of the deaths, with a mean age
of 60.46 + 14.90 years. The median follow-up duration was 50.9 months, and the mean NPAR was 19.54 + 4.87. The
baseline characteristics according to NPAR quartile grouping are shown in Table 1. Younger individuals and women had
lower NPAR levels, as well as a lower prevalence of hypertension, diabetes, and cardiovascular disease.

Table | Baseline Characteristics of MHD Patients Based on the 2010-2022 NPAR Quartile Grouping From the CRDS

NPAR Group Total (n=10067) QI (<15.93) Q2 (>15.93 to<18.79) | Q3 (>18.79 to<22.54) | Q4 (>22.54) FIHIy? P

(n=2517) (n=2517) (n=2516) (n=2517)
Age(years) 60.46£14.90 59.32+£14.97 59.66+14.83 60.97+14.51 61.89+15.14 16.22 <0.001
Sex(%) 26.42 < 0.001
Female 3973(39.5) 1070(42.5) 1024(40.7) 980(39.0) 899(35.7)
Male 6094(60.5) 1447(57.5) 1493(59.3) 1536(61.0) 1618(64.3)
Hypertension(%) 4.94 0.176
No 2253(22.4) 544(21.6) 544(21.6) 564(22.4) 601(23.9)
Yes 7814(77.6) 1973(78.4) 1973(78.4) 1953(77.6) 1916(76.1)
Diabetes(%) 231.94 0.010
No 6430(63.9) 1802(71.6) 1752(69.6) 1534(61.0) 1342(53.3)
Yes 3637(36.1) 715(28.4) 764(30.4) 982(39.0) 1176(46.7)
CVD (%) 62.46 <0.001
No 7539(74.9) 1992(79.1) 1934(76.8) 1848(73.4) 1765(70.1)
Yes 2528(25,1) 525(20.9) 583(23.2) 668(26.6) 752(29.9)

(Continued)
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Table | (Continued).

NPAR Group Total (n=10067) | QI (<15.93) Q2 (>15.93 to<18.79) | Q3 (>18.79 to<22.54) | Q4 (>22.54) FHI?2 | P
(n=2517) (n=2517) (n=2516) (n=2517)
RAASi(%) 20.48 <0.001
No 5076(50.4) 1281(50.9) 1332(52.9) 1286(51.1) 1177(46.8)
Yes 4991(49.6) 1236(49.1) 1185(47.1) 1230(48.9) 1340(53,2)
BMI (kg/m?) 23.14£3.66 22.85+3.60 23.20+3.56 23.25+3.72 2329+3.76 4.5 0.006
Follow time (months) | 50.90[29.60,74.10] | 50.20 [30.20, 73.20] | 51.80 [31.30, 73.10] 50.85 [29.80, 75.10] 51.00 [26.50, 76.30] | 2.02 0.568
SBP(mmHg) 144.40+26.26 140.08+24.71 143.28+24.38 146.69+26.94 146.56+27.77 14.44 <0.001
WBC (10A9/l) 7.3543.25 6324235 6.79£2.43 7454328 8.83+4.06 30938 | <0.00l
Hb (g/dl) 9.33+2.42 10.61+2.36 9.75+2.32 8.89+2.23 8.42+2.17 42451 | <000l
N(1079/1) 529+2.93 3.82£1.51 471194 5.56+2.88 7.063.79 66466 | <0.001
ALT (UIL) 14.00(9.00, 21.85) 14.00(10.00, 21.00) 13.00(9.00,21.00) 13.15(9.00, 21.65) 14.00 (9.16, 23.22) 13.66 0.003
AST (UIL) 18.00(13.20, 24.00) | 17.90(13.40, 23.00) 17.00(13.00, 22.82) 17.30(13.20,24.00) 19.00(14.00, 27.20) | 94.82 <0.001
ALB(g/L) 37.16£6.38 43.0524.47 39.67+4.04 35.90+3.94 30.03+4.22 449827 | <0.00!
Scr(umol/L) 648.37+396.04 573.29+373.67 659.35+379.43 694.28+398.40 666.56+420.82 44,05 <0.001
UA(umoliL) 465.88+148.85 446.01£139.93 467.16£145.73 477.55£149.70 474.04£158.49 2043 <0.001
BUN(mmol/L) 23.1612.18 20.06+10.23 22.74+11.24 24.66+12.36 25.17£13.92 91.96 < 0.001
P(mmol/L) 1.7820.66 1.69+0.57 1.7820.61 1.8420.68 1.8240.74 24.48 <0.001
K(mmol/L) 463083 471075 4.68+0381 4.65+0.85 4.49£0.90 34.70 <0.001
TC(mmollL) 442+ 44 445126 433126 441%1.43 450%1.74 6.74 <0.001
HDL-C(mmol/L) 1.08+0.39 1.12£0.37 1.08+0.37 1.07+0.38 1.05£0.42 13.47 <0.001
LDL-C(mmol/L) 2.56+1.06 2.5040.95 2.49+0.94 2.58+1.05 2.66%127 13.89 <0.001
AG 1324035 1.51£0.34 1.400.31 1.2840.30 1.09£0.29 75541 | <0.001

Abbreviations: CVD, cardiovascular disease; RAASI, angiotensin-converting enzyme inhibitors and angiotensin receptor blockers; BMI, body mass index; SBP, systolic blood
pressure; WBC, white blood cell; Hb, hemoglobin; N, neutrophil count; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; Scr, serum creatinine;
BUN, blood urea nitrogen; UA, blood uric acid; P, Phosphorus; K, Potassium; TC, Total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density
lipoprotein cholesterol; A/G, albumin/globulin.

Relationship Between NPAR and MHD Prognosis

As shown in Figures 2 and 3, Kaplan-Meier survival curves and competing risk models revealed that individuals with
elevated NPAR levels faced a significantly higher risk of both overall and cardiovascular-related mortality compared to
those with lower NPAR levels. Given that the median survival time was 50.9 months, we chose to display survival data
up to 100 months, beyond which few participants remained at risk. Extending the survival curve beyond 100 months
would not yield relevant or informative data, this adjustment ensured that the survival curve highlighted the most
informative portion of the data, where the majority of participants remained at risk.

Multivariate Cox regression analysis, adjusted for demographic factors (age, gender, body mass index [BMI]), medical
history (cardiovascular disease, hypertension, diabetes), medication use (use of ACEI/ARB), and laboratory results (hemo-
globin, triglycerides, LDL-C cholesterol, HDL-C cholesterol, absolute neutrophil count, creatinine, blood urea nitrogen, white
blood cell count, potassium, inorganic phosphorus, alanine aminotransferase, aspartate aminotransferase), identified
a significant association between elevated NPAR levels and adverse prognostic outcomes. As shown in Table 2, the multi-
variate-adjusted all-cause mortality rate increased progressively across NPAR groups (<15.93, 15.93-18.79, 18.79-22.54, and
>22.54), with corresponding hazard ratios (HRs) of 1.00 (reference), 1.77 (1.41, 2.22),2.75 (2.21, 3.44), and 3.73 (2.94, 4.73),
respectively (trend p-value < 0.05). Table 3 presents the corresponding subhazard ratios (SHRs) and 95% confidence intervals
(ClIs) for cardiovascular death, which were 1.00 (reference), 1.45 (0.95, 2.22), 1.75 (1.14, 2.70), and 2.38 (1.50, 3.79) (P for
trend < 0.05). Moreover, as a continuous variable, each one-unit increase in NPAR was associated with a 10% higher
likelihood of all-cause mortality in MHD patients, while the probability of cardiovascular mortality increased by 7%.

Restricted Cubic Splines and Adverse Prognosis Outcomes in MHD

As shown in Figure 4A and 4B, the restricted cubic spline curve demonstrates that, after adjusting for various potential
confounders, the nonlinear relationship between NPAR and mortality remains significant (P < 0.05). Additionally, NPAR
levels are positively correlated with both overall and cardiovascular-related mortality.
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Figure 2 Kaplan-Meier analysis of all-cause mortality in NPAR quartile subgroups (P for Log-rank< 0.0001).
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Table 2 Correlation Between NPAR and All-Cause Mortality (Cox Regression Model) (n=10067)

NPAR Model | Model 2 Model 3

HR (95% CI) P HR (95% CI) P HR (95% CI) P
Continuous variables | I.11 (1.10,1.12) | <0.001 | 1.09 (1.08,1.11) | <0.001 | I.10 (1.07,1.12) | <0.001
Group
Ql Reference Reference Reference
Q2 1.73 (1.43,2.09) | <0.001 | 1.71 (1.29,2.27) | <0.00!1 | 1.77 (1.41,2.22) | <0.001
Q3 3.10 (2.60,3.69) | <0.001 | 2.71 (2.09,3.53) | <0.001 | 2.75 (2.21,3.44) | <0.001
Q4 4.70 (3.97,5.56) | <0.001 | 3.67 (2.86,4.72) | <0.001 | 3.73 (2.94,4.73) | <0.001
P for trend <0.001 <0.001 <0.001

Notes: Model |: unadjusted; Model 2: adjusted for gender, age, BMI, cardiovascular history, hypertension, diabetes, and use of
RAASI drugs; Model 3: adjusted for gender, age, BMI, cardiovascular disease, hypertension, diabetes, use of RAASi drugs,
hemoglobin, triglycerides, LDL cholesterol, HDL cholesterol, absolute neutrophil count, creatinine, urea nitrogen, white blood
cell ratio, potassium, inorganic phosphorus, alanine aminotransferase, aspartate aminotransferase.

Table 3 Association of NPAR with Mortality From Cardiovascular Disease (CVD) (Competing Risk

Model)

NPAR Model | Model 2 Model 3
SHR (95% CI) P SHR (95% CI) P SHR (95% CI) P

Continuous variables | 1.09 (1.07,1.11) | <0.001 | 1.05 (1.03,1.08) | <0.001 | 1.07 (1.04, 1.10) | 0.023
Group
Ql Reference Reference Reference
Q2 1.81 (1.26,2.59) | 0.001 1.78 (1.05,3.00) | 0.032 1.45 (0.95,2.22) 0.088
Q3 2.55 (1.82,3.57) | <0.001 | 2.07 (1.25,3.41) | 0.004 1.75 (1.14,2.70) 0.011
Q4 3.83 (2.77,5.28) | <0.001 | 2.56 (1.58,4.17) | <0.001 | 2.38 (1.50,3.79) | <0.001
P for trend <0.001 <0.001 <0.001

Notes: Model |: unadjusted; Model 2: adjusted for gender, age, BMI, cardiovascular history, hypertension, diabetes, and use of
RAASi drugs; Model 3: adjusted for gender, age, BMI, cardiovascular disease, hypertension, diabetes, use of RAASi drugs,
hemoglobin, triglycerides, LDL cholesterol, HDL cholesterol, absolute neutrophil count, creatinine, urea nitrogen, white blood
cell ratio, potassium, inorganic phosphorus, alanine aminotransferase, aspartate aminotransferase.

Subgroup and Sensitivity Analyses

As shown in Figure 5, we performed subgroup analyses to assess whether demographic factors and comorbidities
influence the relationship between NPAR and mortality. The analysis revealed no significant interaction with NPAR (P >
0.05) across age (<60, >60), gender (male, female), BMI (<25, >25), hypertension, diabetes, cardiovascular disease, and
RAASI drug use histories. Notably, the relationship between NPAR and mortality was not significant (P > 0.05) in
patients without hypertension or diabetes. As shown in Table 4, sensitivity analysis yielded similar results after excluding
participants in the mortality group who survived less than 24 months, further enhancing the robustness of our findings.

Time-Dependent ROC and AUC Curve Analysis and C-Index for Adverse Prognosis
Outcomes in MHD

This study evaluated the relationship between NPAR and mortality in MHD patients using time-dependent ROC and
AUC analyses. Additionally, we further explored the predictive power of NPAR for mortality risk by analyzing AUC
values at overall, 1, 3, 5, and 10 years. The findings revealed that the AUC for NPAR in predicting all-cause mortality at
overall, 1, 3, 5, and 10 years were 0.69 (0.68-0.71), 0.70 (0.67-0.73), 0.68 (0.66—0.70), 0.65 (0.63—0.67), and 0.62
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Figure 4 Restricted cubic spline for NPAR and all-cause and cardiovascular mortality. (A) all-cause mortality, P for nonlinear<0.001, P for overall < 0.001, knot = 18.88). (B)
cardiovascular mortality, P for nonlinear<0.014, P for overall <0.001, knot = 18.88.

Notes: Adjustments were made for gender, age, BMI, cardiovascular disease, hypertension, diabetes, use of RAASi drugs, hemoglobin, triglycerides, LDL cholesterol, HDL
cholesterol, absolute neutrophil count, creatinine, urea nitrogen, white blood cell ratio, potassium, inorganic phosphorus, alanine aminotransferase, aspartate
aminotransferase.

Subgroups HR (95% CI) P value P for interaction
Age i 0.501
>60 D —— 1.66(1.22-2.27) 0.001
<60 | — = 1.87(1.27-2.74) 0.001
Sex : 0.109
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Figure 5 Subgroup analysis of the relationship between NPAR and all-cause mortality.

Notes: Adjustments were made for gender, age, BMI, cardiovascular disease, hypertension, diabetes, use of RAASi drugs, hemoglobin, triglycerides, LDL cholesterol, HDL
cholesterol, absolute neutrophil count, creatinine, urea nitrogen, white blood cell ratio, potassium, inorganic phosphorus, alanine aminotransferase, aspartate
aminotransferase.
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Table 4 The Relationship Between NPAR and All-Cause Mortality After Excluding Patients on

Maintenance Hemodialysis with a Survival Time of Less Than 24 months (n=9678)

NPAR Model | Model 2 Model 3

HR (95% CI) P HR (95% CI) P HR (95% CI) P
Continuous variables | 1.09 (1.08,1.11) | <0.001 | 1.08 (1.06,1.10) | <0.001 | 1.08 (1.05,1.11) | <0.001
Group
Ql Reference Reference Reference
Q2 1.73 (1.38,2,17) | <0.001 | 1.87 (1.33,2.61) | <0.001 | 1.88 (1.25,2.84) | 0.002
Q3 2.75 (2.23,3.40) | <0.001 | 2.74 (2.00,3.76) | <0.001 | 2.99 (2.00,4.49) | <0.001
Q4 3.83 (3.13,4.70) | <0.001 | 3.4l (2.52,4.63) | <0.001 | 3.50 (2.26,5.43) | <0.001
P for trend <0.001 <0.001 <0.001

Notes: Model |: unadjusted; Model 2: adjusted for gender, age, BMI, cardiovascular history, hypertension, diabetes, and use of
RAASI drugs; Model 3: adjusted for gender, age, BMI, cardiovascular disease, hypertension, diabetes, use of RAASi drugs,
hemoglobin, triglycerides, LDL cholesterol, HDL cholesterol, absolute neutrophil count, creatinine, urea nitrogen, white blood
cell ratio, potassium, inorganic phosphorus, alanine aminotransferase, aspartate aminotransferase.

(0.59-0.66), respectively (see Figures 6A and 7A). For cardiovascular mortality, the AUC at overall, 1, 3, 5, and 10 years
was 0.65 (0.63-0.68), 0.68 (0.61-0.74), 0.65 (0.62-0.68), 0.64 (0.61-0.67), and 0.61 (0.56-0.65), respectively (see
Figures 6B and 7B). The results indicate that NPAR is a stronger predictor of short-term all-cause and cardiovascular
mortality in MHD patients compared to long-term prognosis.

As shown in Table 5, the C-index for NPAR was calculated to assess its predictive accuracy across different models.
For all-cause mortality, the C-index values for Model 1, Model 2, and Model 3 were 0.67 (0.66—0.68), 0.71 (0.69-0.73),
and 0.76 (0.74-0.78), respectively, indicating a progressive improvement in model performance with the inclusion of
additional variables. Similarly, for cardiovascular mortality, Model 1, Model 2, and Model 3 showed C-index values of
0.65 (0.63-0.68), 0.77 (0.74—0.81), and 0.82 (0.79-0.85), respectively. These results suggest that as more covariates are
included in the models, predictive accuracy increases for both all-cause and cardiovascular mortality. Overall, the
findings highlight that the inclusion of additional variables can enhance the model’s ability to predict mortality outcomes,

with cardiovascular mortality being more accurately predicted than all-cause mortality.

A All-cause mortality B Cardiovascular mortality

Sensitivity
o
3
Sensitivity
o
38

— AUCat1 year: 0.70

AUC at 3 years: 0.68

AUC at 5 years: 0.65
— AUC at 10 years: 0.62
— Overall AUC: 0.69

000 025 0.50 075 1.00
1 - Specificity

— AUCat1 year: 0.68
AUC at 3 years: 0.65

AUC at 5 years: 0.64
— AUC at 10 years: 0.61
— Overall AUC: 0.65

0.00 025 050 075 1.00
1 - Specificity

Figure 6 Time-dependent ROC curve for all-cause mortality and cardiovascular mortality in MHD. (A) all-cause mortality). (B) cardiovascular mortality.
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Figure 7 Time-dependent AUC curves for all-cause and cardiovascular mortality in MHD. (A) all-cause mortality). (B) cardiovascular mortality.

Discussion

To date, this study is the first multicenter, large-sample study to investigate the association between NPAR and adverse
outcomes in maintenance hemodialysis (MHD) patients. Multivariable-adjusted analyses demonstrated that elevated
NPAR levels are independently associated with a higher risk of both overall and cardiovascular-related mortality. These
associations were consistently replicated across predefined subgroup and sensitivity analyses, particularly after excluding
the death group with a survival time of less than 24 months. Furthermore, the restricted cubic spline analysis revealed
a nonlinear increasing relationship between NPAR and poor prognostic outcomes in MHD patients. These results indicate
that NPAR is an independent risk factor for both all-cause and cardiovascular mortality in MHD. As NPAR increases, the
likelihood of adverse outcomes rises.

A prospective study of 21,317 participants published in 2024 found that elevated NPAR levels were strongly
associated with poor prognostic outcomes in the general population. Under tertile grouping, both all-cause and
cardiovascular mortality increased by 46% and 54%, respectively, in the highest tertile compared to the lowest
tertile.'® These findings suggest a significantly elevated mortality risk in the third group. Another cross-sectional study
involving 26,225 participants showed that high NPAR levels significantly increased the probability of cardiovascular
events, with the prevalence of cardiovascular disease (CVD) being 46% higher in the highest quartile compared to the
first quartile, indicating a clear upward trend.'* A retrospective analysis by Xu et al in peritoneal dialysis patients also
demonstrated that higher NPAR levels substantially elevate the risk of adverse prognostic outcomes. Rates of all-cause

Table 5 C-Index for All-Cause Mortality and Cardiovascular Mortality in
MHD Patients

NPAR Model | Model 2 Model 3
All-cause mortality 0.67(0.66-0.68) | 0.71(0.69-0.73) | 0.76(0.74-0.78)
P value <0.001 <0.001 <0.001

Cardiovascular mortality | 0.65(0.63-0.68) | 0.77(0.74-0.81) | 0.82(0.79-0.85)

P value <0.001 <0.001 <0.001

Notes: Model |: unadjusted; Model 2: adjusted for gender, age, BMI, cardiovascular history,
hypertension, diabetes, and use of RAASi drugs; Model 3: adjusted for gender, age, BMI,
cardiovascular disease, hypertension, diabetes, use of RAASi drugs, hemoglobin, triglycerides,
LDL cholesterol, HDL cholesterol, absolute neutrophil count, creatinine, urea nitrogen, white
blood cell ratio, potassium, inorganic phosphorus, alanine aminotransferase, aspartate
aminotransferase.
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and cardiovascular mortality in the highest NPAR tertile were 3.13 and 2.30 times higher, respectively, compared to the
lowest tertile.'> The findings of this study align with previous research, confirming that higher NPAR levels correlate
with an elevated risk of adverse prognostic outcomes in maintenance hemodialysis (MHD) patients.

Moreover, our findings indicated that elevated NPAR levels are associated with reduced hemoglobin levels in MHD
patients. Chronic anemia is highly prevalent in CKD, and studies have confirmed that inflammation directly affects
hemoglobin levels.'® In addition to insufficient erythropoietin (EPO) production and hypersensitivity associated with
CKD, the primary mechanism behind renal anemia involves the inflammatory environment, which drives the production
of iron regulatory proteins, leading to functional iron deficiency and inflammatory anemia.'” The severity of anemia is
directly correlated with poor prognosis in these patients.'® Given that NPAR reflects the degree of inflammation, the
conclusion that NPAR levels are inversely related to hemoglobin levels in MHD patients is credible.

Neutrophils play a critical role in all stages of cardiovascular inflammation.'® Their activation can lead to excessive secretion
of reactive oxygen species (ROS), endothelial cell activation, extracellular matrix degradation, and enhanced recruitment of
monocytes and macrophages.”*?' These processes contribute to myocardial injury,* atherosclerosis, and rupture of intravascular
plaques.”® Additionally, ROS released by neutrophils can influence drug efficacy.?* Neutrophils also release myeloperoxidase
(MPO), which can indirectly cause endothelial dysfunction by interfering with nitric oxide metabolism.** Furthermore, MPO and
ROS driven by neutrophils can trigger proinflammatory responses,”®*’ accelerate plaque rupture,” cause vascular damage and

2 . . 1 . . . .
%30 and promote the development of cardiovascular disease.®’ In chronic kidney disease, various renal cells, such as

stenosis,
mesangial cells, podocytes, and tubular epithelial cells, are known to express receptors for several inflammatory mediators.>>
Following cellular injury, these cells secrete a variety of inflammatory mediators,®® further amplifying the inflammatory
environment. Neutrophils are recruited by this heightened inflammation,** which further intensifies inflammation and contributes
to additional kidney damage.®® This may lead to uremia and, in severe cases, necessitate dialysis.>

Albumin is an essential component for maintaining life. It helps sustain plasma colloid osmotic pressure and fluid
balance, provides nutrition, and exerts an anti-shock effect.’”*® Albumin also acts as a carrier for drug transport in the
body.** Hypoalbuminemia can lower the effective concentration of drugs, thereby impairing their efficacy.***' It can also
result in insufficient circulating blood volume and organ perfusion.*? In hemodialysis patients, hypoperfusion can rapidly
impair the function of the remaining kidney, cause access route embolism, and lead to cerebral ischemia,* thereby
increasing the likelihood of complications.** The causes of hypoalbuminemia include malabsorption, synthesis disorders,
and excessive loss, and it is also closely associated with inflammation.*> An inflammatory environment can significantly
reduce albumin synthesis and increase capillary permeability, leading to greater loss.*® CKD patients are prone to
metabolic acidosis, which can enhance albumin catabolism.*”*® As an important antioxidant molecule, a decrease in
albumin reduces the body’s antioxidant capacity, and oxidative stress plays a key role in the development of cardiovas-
cular diseases.*” ! Elevated oxidative stress levels can contribute to an increased risk of cardiovascular events.>

Chronic inflammation is a common characteristic in CKD patients and is closely associated with cardiovascular and
cerebrovascular complications, as well as high mortality.>® This inflammatory state is also significant in MHD patients,>*
where it is linked to complications such as protein-energy wasting and adverse cardiovascular events, which severely
impact patient prognosis.’>>® Neutrophils and albumin are key contributors to chronic inflammatory diseases. The
Neutrophil-to-Albumin Ratio (NPAR), which combines neutrophil percentage and albumin levels, is simple to use and
repeat. It exerts a synergistic effect, enhancing the ability to assess cardiovascular risk, chronic complications, and poor
prognosis more effectively than relying on a single marker. A retrospective study of peritoneal dialysis patients
concluded that NPAR outperforms other biomarkers, such as neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), and monocyte-to-lymphocyte ratio (MLR), in predicting adverse outcomes.>’ Previous studies
have shown that high levels of NPAR significantly increase the risk of poor outcomes in heart failure patients.”® NPAR is
also an independent risk factor for poor prognosis in patients with hemorrhagic stroke.”® A prospective study in
hypertensive patients revealed that the highest NPAR tertile had a 63% higher probability of poor outcomes compared
to the lowest tertile.®” A follow-up study of atrial fibrillation patients also found a significant association between NPAR
and both cardiovascular and overall mortality.®’ This study reaffirms the established link between NPAR and cardiovas-
cular events, emphasizing its predictive value for adverse outcomes in MHD patients. The AUC values of 0.70 and 0.68
for predicting one-year overall and cardiovascular mortality on the time-dependent AUC curve indicate that NPAR is
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a stronger predictor for short-term outcomes than long-term prognosis, although its predictive power gradually weakens
over time. This suggests that as the follow-up period extends, it may be necessary to combine other indicators or updated
assessment tools to enhance prediction accuracy.

In summary, this study confirms that NPAR is a reliable tool for assessing both overall and cardiovascular mortality
risk in MHD patients. Monitoring and intervening based on NPAR levels may provide new avenues for improving the
prognosis of these patients. The strengths of this study include its large sample size, multicenter design, and broad
representativeness. Additionally, common confounding factors were adjusted for, ensuring the reliability of the correla-
tions, and multivariate and subgroup analyses further strengthened the stability of the findings. This study utilized the
CRDS database, which is well-established and integrates data from major central hospitals across more than 30 regions.
The database features a high-quality patient population, an excellent follow-up rate, and has contributed to numerous

high-impact publications,** **

enhancing its authority and representativeness. Compared to our previously published
study on the prognosis of patients with diabetic kidney disease (DKD) using the CRDS database,’” this study introduces
several new distinctions and key advantages: 1. It comprehensively includes important clinical subgroups, stratified by
factors such as age, gender, complications (hypertension, diabetes, cardiovascular disease), BMI, and medication,
verifying the generalizability of NPAR’s prognostic value and demonstrating its robust predictive ability across diverse
patient characteristics. 2. The RCS curve was specifically drawn for cardiovascular outcomes, clarifying the dose-
response relationship between NPAR thresholds and mortality risk. This approach provides an evidence-based foundation
for dynamically monitoring inflammatory status and adjusting intervention timing. Time-dependent ROC and AUC
analysis were employed to quantify NPAR’s dynamic predictive ability for short-term and long-term cardiovascular
outcomes, enhancing the interpretability of the results.

Despite its strengths, this study has several limitations. First, being a retrospective study based on a database, it is
difficult to establish a causal relationship between NPAR and mortality. Second, since NPAR was measured only once,
this may have introduced selection bias. Third, although several confounding factors were adjusted for, the influence of
other potential covariates cannot be entirely excluded. Future large-scale, multicenter prospective studies are needed to
better elucidate the relationship between NPAR and adverse cardiovascular outcomes or mortality.

Conclusion

A non-linear relationship exists between NPAR and mortality, with higher NPAR levels associated with an increased risk
of both overall and cardiovascular mortality. As a readily accessible and easily calculable biomarker, NPAR can serve as
an effective clinical tool for predicting patient prognosis. Monitoring NPAR levels allows for the identification of high-
risk patient groups, enabling timely intervention and preventive measures to reduce mortality risk in these individuals.
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