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Backgrounds and Aims: Atrial fibrillation (AF) is the most common cardiac arrhythmia among the older patients (≥ 80 years) in 
clinical practice. The index of neutrophil percentage-to-albumin ratio (NPAR) is a reliable predictor of adverse outcomes in 
cardiovascular diseases. There is scarce evidence regarding the association between NPAR and mortality among the older patients 
with AF.
Methods: The research was conducted among 1141 patients with AF between January 2015 and June 2020, hospitalized at Huadong 
Hospital affiliated with Fudan University. The primary outcome were 28-day all-cause and cardiovascular mortality. Cox regression 
analysis and Kaplan-Meier survival curves were used to explore the correlation between NPAR and 28-day all-cause or cardiovascular 
mortality. Receiver operating characteristic (ROC) curve and the area under the curve (AUC) were performed for the predictive values 
of NPAR on prognosis.
Results: The 28-day death rate from cardiovascular disease and all-causes were 3.3% and 8.7%, respectively. Continuous NPAR 
levels were positively associated with all-cause (HR 1.13, 95% CI 1.09, 1.16) and cardiovascular (HR 1.16, 95% CI 1.10, 1.23) 
mortality after adjustment for confounding variables. Relative to patients in the T1 group, those in higher NPAR tertiles also exhibit 
elevated risks of all-cause (P < 0.001) and cardiovascular mortality (P < 0.001). Furthermore, both all-cause and cardiovascular 
mortality rates rose with increasing NPAR in all analyzed subgroups.
Conclusion: NPAR values are consistently positively related to 28-day all-cause and cardiovascular mortality rates in patients ≥80 
years of age with AF.
Keywords: cardiovascular disease, neutrophil, atrial fibrillation, mortality, older

Introduction
Atrial fibrillation (AF) is an increasingly major contributor to the worldwide medical burden among older adults owing to 
the progressive aging of the global population, economic development, and rising AF-associated risk factor prevalence 
rates.1 In population-based studies, AF has been shown to be related to a higher risk of heart failure, stroke, and 
mortality.2,3 Recent reports have also demonstrated that older AF patients exhibit a higher risk of in-hospital mortality 
and complications,4,5 underscoring a need for further observational studies aimed at guiding the management of these 
patients in an effort to improve their clinical outcomes.

Neutrophils are important regulators of immunological and inflammatory diseases. Circulating neutrophil counts are 
closely related to the incidence of bloodstream infections and to the severity of septicemia.6–8 Albumin is the most 
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abundant protein in human serum wherein it plays an essential role as a transporter for a range of endogenous compounds 
and exogenous drugs.9 Serum albumin exhibits diverse antithrombotic, antioxidant, and anti-inflammatory proeprties.10 

Given the key roles of these two physiological biomarkers, the neutrophil percentage-to-albumin ratio (NPAR) is 
frequently analyzed to glean relevant information about a variety of clinical conditions. Notably, the NPAR has been 
shown to be significantly linked to the severity of cardiovascular disease, stroke-related infection, pancreatic cancer, and 
kidney injury and to the prognosis of affected patients.11–14 However, no studies have examined the NPAR’s association 
with mortality risk in older individuals with AF.

The purpose of this research was to determine whether there is a correlation between NPAR and 28-day all-cause or 
cardiovascular death rates in Chinese patients ≥ 80 years old who have been diagnosed with AF.

Methods
Research Subjects
This retrospective study enrolled adults 80 years of age or older that had been diagnosed with AF in the electronic 
medical records of Huadong Hospital affiliated with Fudan University between January 2015 and June 2020. Since this 
was a retrospective study, anonymity allowed the Biomedical Research Ethics Committee at Huadong Hospital to accept 
it, without the necessity for informed consent. Patients were excluded from the study cohort if they lacked neutrophil 
counts or serum albumin data (n = 24), had been diagnosed with chronic hematological conditions (n = 21), or were 
lacking 28-day follow-up results (n = 51). In total, 1141 eligible patients were analyzed for this current study (Figure 1).

Research Methods
Collected data for included patients included sex, age, systolic/diastolic blood pressure (SBP/DBP), drinking habits, 
smoking habits, new-onset AF, paroxysmal AF, CHA2DS2-VASc scores, HAS-BLED scores,15 comorbidities [including 
chronic heart failure, COPD, hypertension, diabetes, history of cancer, heart valvular disorders, coronary heart disease, 

Figure 1 Flowchart of patient selection.
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and prior stroke], primary reason for hospital admission [AF, acute coronary syndrome (ACS, including unstable angina, 
non-STEMI, and STEMI),16 acute heart failure, or other] and the results of examinations performed within 24 
h following admission, including white blood cell (WBC), lymphocyte, hemoglobin, platelet counts, C-reactive protein 
(CRP), blood urea, blood creatine, estimated glomerular filtration rate (eGFR),17 total cholesterol, serum albumin, and 
brain natriuretic peptide (BNP) levels. A professional sonographer analyzed echocardiographic features including left 
atrial (LA) diameter, left ventricular (LV) ejection fraction (LVEF), LV interior diameter at end-systolic (LVIDs), left 
ventricular end-diastolic volume (LVEDV), LV interior diameter at end-diastole (LVIDd), and LV stroke volume 
(LVSV). Medication use by included patients was determined through inquiries with patients or their relatives on 
admission, including the use of anticoagulants, antiplatelet drugs, statins, RAS inhibitors, and beta blockers. Chronic 
heart failure was diagnosed according to the European Society of Cardiology (ESC) guidelines.18

Neutrophil percentage (%) and serum albumin levels (g/dL) were measured using a Beckman Coulter 6800 device. 
The NPAR was calculated as the ratio between neutrophil percentage and albumin levels.

Statistical Analysis
One-way analysis of variance (ANOVA) and the Kruskal–Wallis test were used to compare normally and non-normally 
distributed continuous data, where means ± SD or medians and interquartile ranges were calculated. Chi-square tests are 
used to compare numerical or percentage-based categorical data.

Cox proportional hazards models were applied to investigate the correlations between NPAR levels and 28-day all- 
cause or cardiovascular death outcomes. Multivariate analysis findings are reported as hazard ratios (HRs) and 95% 
confidence intervals (CIs), with results being assessed using two multivariate models. The first of these models was 
minimally adjusted, only controlling for age, sex, and SBP. The second was the fully adjusted model, which controlled 
for age, sex, SBP, primary reason for hospital admission, eGFR, AF type, HAS-BLED scores, history of cancer, CRP 
levels, LVEF, hemoglobin levels, urea levels, BNP levels, and total cholesterol levels. The confounding variables 
included in the fully adjusted model were those that were related to mortality or exhibited > 10% changes in effect 
estimates.19 Comparing outcomes across NPAR tertiles was done using Kaplan-Meier curves and Log rank testing. 
Receiver operating characteristic (ROC) curve area under the curve (AUC) values were used to compare the predictive 
value of NPAR, neutrophil percentage, and albumin levels for all-cause and cardiovascular mortality.

The association between NPAR and 28-day mortality outcomes was further investigated using subgroup analysis. 
R version 3.4.3 (http://www.R-project.org) and EmpowerStats (http://www.empowerstats.com) were used for all statis-
tical analyses. The cutoff for significance was set at P < 0.05.

Results
Patient Characteristics
In total, this study enrolled 1141 older AF patients, with Table 1 compiling the demographic characteristics of these 
patients when separated into NPAR tertiles (T1: ≤ 16.4; T2: > 16.4, ≤ 20.3; T3: > 20.3). Overall, 528 (46.3%) of these 
patients were male and 344 (30.1%) had been diagnosed with paroxysmal AF. The T1, T2, and T3 groups contained 380, 
380, and 381 patients, respectively. Patients in the T3 group exhibited a higher chance of being older, reporting new- 
onset AF, suffering from COPD or chronic heart failure, and exhibiting higher WBC, platelet, neutrophil percentage, 
CRP, BNP, blood creatine, and blood urea levels as well as lower SBP, total cholesterol, eGFR, hemoglobin, LVEF, 
albumin, and LA diameters relative to other patients. Of the overall patient cohort, 416 (36.5%) and 464 (40.7%) patients 
had been hospitalized for AF and other causes, respectively, with AF being the most common single cause of 
hospitalization. No differences were observed among groups with respect to sex, DBP, smoking, drinking, HAS- 
BLED scores, CHA2DS2-VASc scores, history of diabetes, coronary heart disease, history of heart valvular disease, 
cancer, and previous stroke, LVIDd, LVIDs, LVEDV measurements, or medication use.
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Table 1 Baseline Characteristics of Patients

Variables Total Neutrophil Percentage-to-Albumin Ratio P-value

T1 T2 T3
(≤16.4) (16.4–20.3) (>20.3)

N 1141 380 380 381
Age, y 84.7 ± 3.9 83.9 ± 3.6 84.6 ± 3.7 85.6 ± 4.3 <0.001

Male, n (%) 528 (46.3) 164 (43.2) 182 (47.9) 182 (47.8) 0.328

SBP, mmHg 133.7 ± 18.7 136.1 ± 19.1 133.4 ± 17.7 131.6 ± 19.0 0.004
DBP, mmHg 76.3 ± 10.8 76.8 ± 10.7 76.5 ± 10.5 75.5 ± 11.2 0.216

Smoking habits, n (%) 135 (12.3) 46 (12.4) 45 (12.3) 44 (12.2) 0.995

Drinking habits, n (%) 60 (5.5) 21 (5.7) 23 (6.3) 16 (4.4) 0.535
Paroxysmal AF, n (%) 344 (30.1) 133 (35.0) 112 (29.5) 99 (26.0) 0.024

New-onset AF, n (%) 97 (8.5) 21 (5.5) 34 (8.9) 42 (11.0) 0.023

HAS-BLED score 2.4 ± 1.0 2.3 ± 0.9 2.4 ± 0.9 2.4 ± 1.1 0.306
CHA2DS2-VASc score 4.4 ± 1.2 4.4 ± 1.2 4.3 ± 1.1 4.4 ± 1.3 0.384

Comorbidities, n (%)

Hypertension 794 (69.6) 274 (72.1) 276 (72.6) 244 (64.0) 0.015
Diabetes 304 (26.6) 104 (27.4) 88 (23.2) 112 (29.4) 0.139

Coronary heart disease 477 (41.8) 162 (42.6) 166 (43.7) 149 (39.1) 0.407

Chronic heart failure 534 (46.8) 158 (41.6) 162 (42.6) 214 (56.2) <0.001
COPD 122 (10.7) 31 (8.2) 34 (8.9) 57 (15.0) 0.004

History of cancer 146 (12.8) 44 (11.6) 47 (12.4) 55 (14.4) 0.476

Heart valvular disorders 55 (4.8) 16 (4.2) 17 (4.5) 22 (5.8) 0.559
Prior stroke 376 (33.0) 116 (30.5) 127 (33.4) 133 (34.9) 0.425

Primary reason of hospital admission, n (%) <0.001

Atrial fibrillation 416 (36.5) 198 (52.1) 136 (35.8) 82 (21.5)
Acute heart failure 151 (13.2) 41 (10.8) 58 (15.3) 52 (13.6)

ACS 110 (9.6) 25 (6.6) 43 (11.3) 42 (11.0)

Other 464 (40.7) 116 (30.5) 143 (37.6) 205 (53.8)
Hematological and biochemical variables

WBC, 10^9/L 7.1 ± 3.4 5.6 ± 1.6 6.7 ± 2.5 9.1 ± 4.5 <0.001

Neutrophil percentage, % 68.8 ± 11.5 57.6 ± 7.6 68.9 ± 6.4 79.7 ± 7.5 <0.001
Lymphocyte, 10^9/L 1.4 ± 0.6 1.7 ± 0.6 1.4 ± 0.5 1.0 ± 0.5 <0.001

Hemoglobin, g/L 119.9 ± 21.0 125.5 ± 17.8 120.7 ± 20.1 113.5 ± 22.9 <0.001

Platelet, 10^9/L 178.9 ± 65.3 171.6 ± 52.6 180.2 ± 60.7 185.0 ± 79.2 0.016
CRP, mg/L 8.7 (3.3, 27.7) 4.5 (1.7, 8.9) 7.3 (3.2, 19.9) 29.4 (10.1, 66.3) <0.001

Blood urea, mmol/L 7.3 (5.4, 9.6) 6.4 (5.2, 8.3) 7.0 (5.4, 9.0) 8.8 (6.1, 12.4) <0.001

Blood creatine, umol/L 90.9 (73.3, 116.4) 87.7 (71.7, 105.6) 92.0 (76.1, 118.2) 95.5 (71.6, 135.5) <0.001
eGFR, mL/min/1.73m2 56.6 ± 20.6 60.7 ± 16.7 55.9 ± 19.1 53.4 ± 24.7 <0.001

Albumin, g/dL 3.7± 0.5 4.1 ± 0.4 3.8 ± 0.3 3.3 ± 0.4 <0.001

Total cholesterol, mmol/L 3.9 ± 1.0 4.1 ± 1.0 3.9 ± 0.9 3.6 ± 1.0 <0.001
BNP, pg/mL 332.0 (172.0, 516.0) 248.5 (126.2, 442.2) 320.5 (163.8, 494.0) 473.0 (224.0, 860.0) <0.001

Echocardiography

LVEF, % 58.7 ± 7.8 60.1 ± 6.6 58.8 ± 6.9 57.2 ± 9.2 <0.001
LA, mm 44.3 ± 6.7 45.1 ± 6.7 44.4 ± 7.2 43.4 ± 6.2 0.002

LVIDd, mm 46.9 ± 6.2 47.0 ± 5.8 46.9 ± 5.5 46.9 ± 7.1 0.989
LVIDs, mm 32.0 ± 6.2 31.7 ± 5.5 31.9 ± 5.5 32.5 ± 7.4 0.175

LVSV, mL 55.3 ± 17.1 57.5 ± 16.0 55.4 ± 16.3 53.0 ± 18.8 0.001

LVEDV, mL 96.2 ± 34.9 97.5 ± 33.1 95.5 ± 30.7 95.5 ± 40.4 0.670
Medication, n (%)

Statin 66 (5.8) 19 (5.0) 20 (5.3) 27 (7.1) 0.406

Beta blocker 132 (11.6) 41 (10.8) 39 (10.3) 52 (13.6) 0.291

(Continued)
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The Relationship Between NPAR Values and Mortality in Older AF Patients
For multivariate analyses, patients in the three established NPAR tertiles were compared to determine whether NPAR is 
associated with 28-day all-cause or cardiovascular mortality outcomes (Table 2, Supplemental Table 1). When using the 
minimally adjusted model that corrected for sex age, and SBP, higher NPAR values were related to an elevated risk of all- 
cause mortality (HR 1.15, 95% CI 1.13, 1.17, P < 0.001) and cardiovascular mortality (HR 1.14, 95% CI 1.10, 1.19, P < 
0.001). When using a fully adjusted model controlling for sex, age, SBP, history of cancer, AF type, primary reason for 
hospitalization, hemoglobin levels, BNP levels, urea levels, HAS-BLED scores, total cholesterol levels, eGFR, and 
LVEF, higher NPAR values remained significantly related to a higher risk of both all-cause mortality (HR 1.13, 95% CI 
1.09, 1.16, P < 0.001) and cardiovascular mortality (HR 1.16, 95% CI 1.10, 1.23, P < 0.001). Higher NPAR values were 
associated with an increased risk of cardiovascular mortality (T2: HR 6.55, 95% CI 0.80, 53.28, T3: HR 28.46, 95% CI 
3.85, 210.20, P for trend <0.001) and all-cause mortality (T2: HR 5.62, 95% CI 1.65, 19.08, T3: HR 24.23, 95% CI 7.61, 
77.12, P for trend <0.001). These associations were also significant for all-cause mortality (T2: HR 4.43, 95% CI 1.30, 
15.18, T3: HR 13.52, 95% CI 4.14, 44.21, P for trend <0.001) and cardiovascular mortality (T2: HR 5.20, 95% CI 0.63, 
42.91, T3: HR 20.24, 95% CI 2.63, 155.60, P for trend <0.001) when using the fully adjusted model.

Kaplan-Meier curves generated for patient NPAR tertiles indicated that rates of all-cause and cardiovascular mortality 
rose with increasing NPAR tertiles such that the T3 group exhibited the highest mortality rates (P < 0.001) (Figure 2). 
While both neutrophil percentage and albumin levels were significantly related to both of these mortality outcomes, 
NPAR values exhibited a larger AUC value with respect to both all-cause (AUC 0.81, 95% CI 0.77, 0.85) and 
cardiovascular mortality (AUC 0.80, 95% CI 0.73, 0.86), indicating that NPAR may be a more robust tool for use 
when predicting mortality outcomes among older AF patients (Table 3 and Supplemental Table 2).

The Relationship Between NPAR Values and Mortality Rates in AF Patient Subgroups
Subgroup analyses were further used to explore how NPAR and 28-day all-cause or cardiovascular mortality outcomes 
are linked in these older AF patients (Supplemental Figure 1 and Supplemental Figure 2). In the majority of the analysed 
subgroups, including male and female patients, those with and without diabetes, hypertensive people, patients with and 
without chronic heart failure, patients with and without CHD, patients with and without a history of cancer, patients with 
eGFR values < 60 or ≥ 60 mL/min/1.73 m2, and patients admitted primarily because of AF, acute CHD, or other causes, 
a higher NPAR value was significantly related to all-cause mortality Notably, diabetes and cardiovascular mortality were 
the only variables that substantially interacted (P for interaction 0.005).

Table 1 (Continued). 

Variables Total Neutrophil Percentage-to-Albumin Ratio P-value

T1 T2 T3
(≤16.4) (16.4–20.3) (>20.3)

RAS inhibitors 248 (21.7) 78 (20.5) 91 (23.9) 79 (20.7) 0.440

Antiplatelet 163 (14.3) 55 (14.5) 49 (12.9) 59 (15.5) 0.589
Anticoagulation 63 (5.5) 18 (4.7) 28 (7.4) 17 (4.5) 0.153

Cardiovascular mortality, n (%) 38 (3.3) 1 (0.3) 7 (1.8) 30 (7.9) <0.001

All-cause mortality, n (%) 99 (8.7) 3 (0.8) 18 (4.7) 78 (20.5) <0.001

Notes: Mean ± SD for normally distributed continuous variables, median [Q1, Q3] for non-normally distributed continuous variables: P-value was calculated by one-way 
ANOVAs. Number () for categorical variables: P-value was calculated by chi-square test. eGFR was defined by the Chronic Kidney Disease Epidemiology Collaboration 
equation. Heart valvular diseases was defined as the presence of moderate-to-severe mitral stenosis or a mechanical heart valve. ACS included STEMI, non-STEMI and 
unstable angina. 
Abbreviations: AF, atrial fibrillation; NPAR, neutrophil percentage-to-albumin ratio; CHA2DS2-VASc, Cardiac failure or dysfunction, Hypertension, Age ≥ 75 years 
(doubled), Diabetes, Stroke (doubled), Vascular disease, Age 65–74 years and sex category (Female); HAS-BLED score, Hypertension, Abnormal renal/liver function, Stroke, 
Bleeding history or predisposition, Labile international normalized ratio (INR), Elderly (65 years), Drugs/alcohol concomitantly. COPD, chronic obstructive pulmonary 
disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; ACS, acute coronary syndrome; CRP, C reactive protein; eGFR, estimated glomerular filtration rate; 
WBC, white blood cell; BNP, brain natriuretic peptide; LVEF, left ventricular ejection fraction; LA, left atrial diameter; LVIDd, left ventricular interior diameter at end- 
diastole, LVIDs, left ventricular interior diameter at end-systolic, LVSV, left ventricular stroke volume, LVEDV, left ventricular end diastolic volume.
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Discussion
This study is the first we are aware of to explore the relationships between NPAR values and 28-day rates for 
cardiovascular or all-cause deaths among hospitalized patients with AF ≥ 80 years of age. All-cause and cardiovascular 
death rates were shown to be significantly positively correlated with NPAR levels in this older AF patient sample. Once 
multiple potential confounders were taken into account, an increase of one unit in NPAR levels was linked to an increase 
of 13% in all-cause mortality and an increase of 16% in cardiovascular mortality. Therefore, the NPAR index may be an 
excellent predictor of short-term mortality outcomes for this cohort of patients.

Table 2 Associations Between NPAR and All-Cause Mortality by Cox Analysis

The Number of Events 
(Deaths), n (%)

Unadjusted  
HR (95 CI, P)

Minimally Adjusted,  
HR (95 CI, P)

Fully Adjusted,  
HR (95 CI, P)

NPAR 99 (8.7) 1.15 (1.13, 1.17) <0.001 1.15 (1.12, 1.17) <0.001 1.13 (1.09, 1.16) <0.001 

NPAR (tertiles)

T1 3 (0.8) Ref Ref Ref
T2 18 (4.7) 6.08 (1.79, 20.64) 0.004 5.62 (1.65, 19.08) 0.006 4.43 (1.30, 15.18) 0.016 

T3 78 (20.5) 28.89 (9.12, 91.52) <0.001 24.23 (7.61, 77.12) <0.001 13.52 (4.14, 44.21) 

<0.001 
P for trend – <0.001 <0.001 <0.001

Notes: Minimally adjusted HR controls for age, sex, SBP. Fully adjusted HR controls for age, sex, SBP, AF type, history of cancer, primary reason of hospital admission, LVEF, 
CRP, total cholesterol, hemoglobin, eGFR, urea, BNP and HAS-BLED score. 
Abbreviations: AF, atrial fibrillation; NPAR, neutrophil percentage-to-albumin ratio; SBP, systolic pressure; CRP, C reactive protein; eGFR, estimated glomerular filtration 
rate; WBC, white blood cell; BNP, brain natriuretic peptide; LVEF, left ventricular ejection fraction.

Figure 2 Kaplan–Meier survival curve analysis of all-cause mortality (A) and cardiovascular mortality (B) across the tertiles of the NPAR value (NPAR: ≤ 16.4, 16.4 to 20.3, 
and > 20.3).
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In prior studies, AF was reported to be related to higher rates of both short- and long-term mortality.4,20 In one 
population-based retrospective analysis, AF was estimated to impact 34% of older adults, with these AF patients 
exhibiting a 17% higher in-hospital mortality rate as compared to patients without AF.4 Fauchier et al have further 
reported a 9.4% short-term mortality rate among AF patients with a mean age of 78.0 ± 11.4 years,21 in line with the rate 
observed in this study (8.7%). The RE-LY trial, in contrast, found that younger AF patients (mean age 71.5 ± 9 years) 
exhibited a somewhat lower annual mortality rate (3.8%).22 Given that advanced age was associated with overall higher 
rates of death,23 the differences in study population ages may account for these varying mortality rates. Older 
hospitalized individuals were also more likely to suffer from various comorbidities likely to contribute to higher rates 
of mortality.4,21 Patients in the T3 group had a higher likelihood of being older and suffering from comorbidities like 
diabetes, chronic heart failure, a history of cancer, heart valvular disease, and prior stroke, while those with higher NPAR 
values were also associated with lower serum albumin and hemoglobin levels (Table 1), consistent with potential 
malnourishment. It is possible that the increased all-cause and cardiovascular death rates seen in the older with high 
NPAR were attributable to the presence of these complicated comorbid variables.

The combined clinical consequences of changes in neutrophil percentages and serum albumin levels may explain the 
association between NPAR values and rates of all-cause or cardiovascular death. Neutrophils, serving as innate immune 
cells, could mediate inflammatory responses and induce humoral and cellular immune responses.24,25 Meanwhile, 
neutrophils have increasingly been linked to both atherothrombosis and all-cause mortality.26,27 In cases of myocardial 
ischemia, NADPH oxidase, myeloperoxidase, and lipoxygenase release from neutrophils can contribute to more severe 
oxidative stress and endothelial dysfunciton.28 High levels of neutrophil influx in the ischemic injured myocardium can 
also potentially cause extensive collateral damage that impairs the healing of the myocardium, thereby shaping patient 
prognostic outcomes.26,28 Neutrophil counts have also been found to be strongly positively related to the incidence of 
cardiovascular conditions including heart failure, peripheral artery disease, and sudden coronary death.29 These suggest 
that nuetrophil-related inflammation may be related to the incidence of adverse events, highlight possible preventative or 
therapeutic targets associated with these forms of disease.30

Serum albumin is a plasma protein that has several roles, including regulating inflammation, maintaining normal 
colloidal osmotic pressure, and transporting many substances.31 Previous studies have found the low albumin levels was 
linked to increased rates of cardiovascular disease or mortalities.32–35 In addition, Peter et al had reported the 
hypoalbuminemia was associated with inflammation.36 Considering the role of hypoalbuminemia in inflammatory 
response, the older AF patients in the T3 group may thus be closely related to adverse events. Furthermore, lower 
serum albumin levels reflected patient malnutrition,37 further accounting for the higher rates of all-cause and cardiovas-
cular mortality observed for patients in the T3 group.

The fact that NPAR values integrate both neutrophil percentage and serum albumin levels may make this a more 
representative biomarker capable go gauging the nutritional status and inflammatory conditions in patients with various 
diseases. Recent studies have shown that the elevated NPAR levels are closely correlated with adverse outcomes in 
patients with cardiovascular diseases. The higher NPAR values were independently associated with short-term mortality 
among patients with acute myocardial infarction.38,39 Moreover, Hu et al found the NPAR values predicted the length of 

Table 3 The Predictive Values of NPAR, Neutrophil Percentage or Albumin 
for All-Cause Mortality

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

NPAR 1.13 (1.09, 1.16) <0.001 0.81 (0.77, 0.85)

Neutrophil percentage, 1.08 (1.05, 1.10) <0.001 0.77 (0.72, 0.82)

Albumin, g/dL 0.34 (0.22, 0.53) <0.001 0.71 (0.66, 0.76)

Note: The Cox proportional model adjusted HR controls for age, sex, SBP, AF type, history of 
cancer, primary reason of hospital admission, LVEF, CRP, total cholesterol, hemoglobin, eGFR, 
urea, BNP and HAS-BLED score. 
Abbreviations: AF, atrial fibrillation; NPAR, neutrophil percentage-to-albumin ratio; SBP, systolic 
pressure; CRP, C reactive protein; eGFR, estimated glomerular filtration rate; WBC, white blood 
cell; BNP, brain natriuretic peptide; LVEF, left ventricular ejection fraction.
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hospital stay and mortality in heart failure patients.14 The admission NPAR was also reported to be positively related to 
the short- or long-term mortality in patients with cardiogenic shock.40,41 Considering the function above, the NPAR may 
be a potentially valuable measure for risk categorization of older individuals with AF. Further supporting the value of 
NPAR as a predictor of clinical risk when attempting to predict short-term all-cause or cardiovascular mortality risk in 
this patient population, the AUC values were higher when using NPAR as a predictor of mortality compared to using the 
neutrophil percentage or albumin levels alone.

The results of the subgroup analysis also showed a significant association between higher NPAR levels and an 
increased risk of all-cause or cardiovascular death at 28 days. While the HR value for older patients without hypertension 
did not achieve significance, it was nonetheless > 1 such that the association between NPAR values and mortality rates is 
likely to remain intact in this patient subgroup. When patients were separated into groups depending on the major reason 
for hospital admission, NPAR was substantially positively linked with all-cause death rates for all patients except those 
hospitalized owing to heart failure (Supplemental Figure 1). In terms of 28-day all-cause mortality rates, there was no 
statistically significant correlation between NPAR levels and the primary reason for hospitalization (as determined by the 
P-value for the interaction between NPAR values and the primary reason for hospital admission). Although the P-value 
for the interaction between NPAR levels and 28-day cardiovascular mortality was significant among patients with 
diabetes (P for interaction 0.005, Supplemental Figure 2), caution is warranted when considering whether diabetes status 
can influence the relationship between NPAR values and cardiovascular mortality, and prospective work will be needed 
to validate these findings. Altogether, these results lent credence to the idea that NPAR is a reliable and accurate means of 
predicting short-term prognostic outcomes in patients over the age of 80 with AF and several co-morbidities.

Given that most previous AF-centered research has been on younger patients and studies of adults ≥ 80 years of age 
with AF have been scarce, the inclusion of a large cohort of older adult patients with AF is a critical feature of our study. 
This study, to the best of our knowledge, is the first to investigate the link between NPAR and cardiovascular or all-cause 
mortality in older individuals with AF. However, these findings are subject to certain limitations. First, owing to the 
nature of retrospective analysis, the causation cannot be confirmed. Second, this was a single-center analysis and it 
remains to be determined whether these findings can be generalized to other institutions. Third, the coronary heart disease 
was acquired by a synthesis of self-reported physician diagnoses or standardized medical condition inquiries, which 
might overestimate the prevalence. And the lack of SYNTAX scores compromised the complexity of coronary artery 
disease. Fourth, older patients with AF were likely to exhibit a range of comorbidities, and it was not possible to fully 
exclude the potential effect of these comorbidities on mortality outcomes. Last, the values used to calculate the NPAR 
were based on single measurements within 24 h post-admission, thus potentially overlooking the effects of dynamic 
changes in these parameters with time. Further research examining the association between changes in NPAR and 
mortality outcomes throughout hospitalization is thus warranted.

Conclusion
In conclusion, this study shows that higher NPAR levels are related positively to higher risks of all-cause and 
cardiovascular mortality in the older patients with AF. Validation of these results, however, would need more large- 
scale observational study.
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