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Abstract: The application of a simple blood test to predict prognosis in acute heart failure (AHF)
patients is not well established. Neutrophil-lymphocyte ratio (NLR) is inexpensive and easy to obtain
in hospitalized patients using a routine blood test. We evaluate the prognostic implications of NLR
as an independent predictor of in-hospital and long-term mortality in AHF patients. Among 5625
patients enrolled in the Korean Acute Heart Failure registry, 5580 patients were classified into quartiles
by their NLR level, and analyzed for in-hospital and post-discharge three-year mortality. Patients
in the highest NLR quartile had the highest in-hospital and post-discharge three-year mortality.
The same results were seen by dividing the aggravating factor into the infection or ischemia group
and the non-infection or non-ischemia group. For patients aggravated from infection or ischemia,
a cut-off NLR value was 7.0 that increase the risk of in-hospital and post-discharge three-year mortality.
In subgroups of patients not aggravated from infection or ischemia, a cut-off NLR value was 5.0 that
increase the risk of in-hospital and post discharge three-year mortality. Elevated NLR in AHF patients
at the index hospitalization is an independent predictor for in-hospital and post-discharge three-year
mortality. Taken together, NLR is a marker for risk assessment of AHF patients.
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1. Introduction

Inflammation plays a crucial role in the pathogenesis and progression of cardiovascular disease.
Numerous inflammatory biomarkers are correlated with disease severity and prognosis across
throughout heart failure (HF) [1]. White blood cell (WBC) count and its subtypes are classical markers
of inflammation in cardiovascular disease [2]. Leukocytosis increases incidence of HF hospitalization
and mortality [3]. Moreover, neutrophilia is associated with increased incidence of acute decompensated
heart failure in patients with acute myocardial infarction [4], and lymphopenia is related to poor
prognosis in patients with HF [5,6].

Neutrophil-lymphocyte ratio (NLR), which neutrophils counts are divided by lymphocyte counts,
is used as a new additional inflammatory markers [7]. Elevated NLR was recently reported to be
an independent predictor of both all-cause mortality and cardiovascular disease [8,9]. Previous studies
showed that NLR is related to increased mortality or heart transplantation risk in patients with chronic
HF [10,11], but these studies are limited by single-center study design and relatively small sample size.
Therefore, we aimed to evaluate the prognostic implications of NLR on in-hospital and post-discharge
three-year mortality in patients with AHF.

2. Materials and Methods

2.1. Study Design and Data Collection

The KorAHF (Korean Acute Heart Failure) registry is a prospective, nationwide multicenter
cohort that consecutively enrolled 5625 patients hospitalized for acute HF syndrome from 10 tertiary
care hospitals throughout the country from March 2011 to February 2014. Detailed information on
the study design and results or the KorAHF registry has been previously published elsewhere [12,13].
In brief, patients who had signs or symptoms of acute HF such as either pulmonary edema, objective
findings of left ventricular systolic dysfunction, or structural heart disease were enrolled in the study
and there were no other specific exclusion criteria. At index admission, information about patient
demographics, medical history, symptoms and signs of HF, laboratory test results, electrocardiogram
and echocardiography, current medication, hospital course, and clinical outcomes were collected.
In February 2017, the three-years follow-up of all enrolled patients were completed. During the
follow-up (at one month, three months, six months, one year, and annually thereafter), information
about clinical outcomes, laboratory data, and medication has been collected. The study was conducted
in accordance with the declaration of Helsinki, and written informed consent was obtained before
enrollment. All study protocol were reviewed and approved by the Institutional Review Board of each
participating hospital (H-1102-072-352) in February 2011 and also registered with ClinicalTrials.gov
(NCTO01389843).

2.2. Study Endpoints and Definitions

The main clinical outcomes of the study were adverse in-hospital outcomes (defined as all-cause
mortality or urgent heart transplantation during hospitalization) and all-cause mortality during
the minimum three-year follow-up after discharge. In-hospital mortality and cause of death were
adjudicated by an independent event committee. Each category of death have been presented in
previous publication [14]. This adjudication form was made with reference by the adjudication of
death of typical 3-phase randomized control trials such as RELAX and RELAX-AHF-2 trial [15,16].
The mortality data for patients who were lost to follow-up were collected from the National Insurance
database or National Death Records of Korea.
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NLR was calculated that neutrophils counts are divided by lymphocyte counts, using the same
blood samples drawn at admission. Participants were classified into quartiles by their NLR level.

Left ventricular ejection fraction (LVEF) values were measured using thansthoracic
echocardiography performed during the index hospitalization. Quantitative calculation using the
modified Simpson’s biplane method was recommended for LVEF measurement, but visually estimated
LVEF, measured by echo-specialized cardiologists, was also accepted as valid for HF categorization.
According to the 2016 European Society of Cardiology (ESC) HF guidelines, heart failure with preserved
ejection fraction (HFpEF) was defined as LVEF > 50% and heart failure with reduced ejection fraction
(HFrEF) was defined as LVEF < 40%. Patients with LVEF between 40 and 49% were considered to have
heart failure with midrange ejection fraction (HFmrEF) [17].

To evaluate the association between NLR quartiles and in-hospital and post-discharge three-year
mortality by aggravating factor, the patients were divided into two groups according to the aggravating
factor (patients whose aggravating factor was infection or ischemia, and patients whose aggravating
factor was not infection or ischemia).

2.3. Statistical Analyses

Continuous variables are expressed as mean + standard deviation and analyzed using the Student’
test, one-way ANOVA test or Kruskal-Wallis test. Categorical variables are presented as numbers
and relative frequencies (percentages) and were compared with the Chi-square test. Cox proportional
hazard regression model was used to identify the predictors associated with the NLR quartiles with
in-hospital and post-discharge three-year mortality. Variables that were statistically significant in the
univariate analysis were included in the multivariable model, except variables that had >10% missing
values or that were closely related to other clinical variables. Post-discharge survival was assessed
using Kaplan—-Meier estimate, and the association between NLR quartiles and crude all-cause death
was compared using Log-rank test. To find the cut-off value of the NLR, the multivariate restricted
cubic splines methods was used. This method provide a useful tool for the analysis of the effect of
a continuous predictor on an outcome when the relationship between an outcome (dependent) variable
and the explanatory (indepednet) variables is not linear because this method allows for great flexibility
in the form of the relationship between predictor and outcome [18,19]. All p values are two-sided,
and a value of less than 0.05 was considered statistically significant. All data were analyzed using
SPSS v25.0 (IBM Corporation, Armonk, NY, USA).

3. Results

Of the 5625 patients enrolled in the KorAHF registry, 45 patients were excluded because their
total and differential WBC counts were not available (n = 24), or they were not identified whether they
survived or died during the follow-up period (n = 21). The final study participants consisted of 5580
(99.2%) patients (Scheme 1). The baseline characteristics of the study population according to NLR
quartile are listed in Table 1. Patients in the higher NLR quartile were older and had lower BMI and
more history of hypertension, diabetes, ischemic heart disease, and cerebrovascular disease. These
patients also demonstrated higher heart rates and increased incidence of New York Heart Association
class III or IV. Laboratory findings presented that patients in the higher NLR quartile were associated
with increased WBC counts, blood urea nitrogen, and serum creatinine, and decreased hemoglobin,
albumin, and sodium levels. These patients had higher incidence of B-type natriuretic peptide (BNP)
> 500 pg/mL or NT-proBNP > 1500 pg/mL.
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Scheme 1. Study population.

Table 1. Baseline clinical characteristics of heart failure (HF) patients stratified by quartiles of neutrophil
to lymphocyte ratio at admission.

40f16

Neutrophil to Lymphocyte Ratio

Clinical Characteristic Quartile 1 Quartile 2 Quartile 3 Quartile 4 p Value
(0.2-2.0) (2.1-3.2) (3.3-5.8) (5.9-192.4)
(n =1395) (n =1395) (n =1395) (n =1395)
Age (years) 649 + 14.8 67.6 +14.5 70.2 +13.6 712 +14.2 <0.001
Male 739 (53.0%) 732 (52.5%) 750 (53.8%) 743 (53.3%) 0.921
de novo HF 755 (54.1%) 725 (52.0%) 671 (48.1%) 760 (54.5%) 0.002
BMI 239+38 23.6 +3.8 232 +4.0 226 +3.8 <0.001
Current smoker 312 (22.4%) 230 (16.5%) 213 (15.3%) 228 (16.3%) <0.001
Clinical Presentation
Systolic BP (mmHg) 130.3 +31.4 131.7 £29.0 131.3 + 30.6 131.2 £ 30.1 0.676
Diastolic BP (mmHg) 79.6 £19.0 79.2 +18.6 78.5 +18.6 77.0 + 18.8 0.002
Heart rate (beats/min) 91.2+275 90.7 +25.4 919 +25.5 97.0+24.8 <0.001
NYHA II/IV 1100 (78.9%) 1153 (82.7%) 1219 (87.4%) 1265 (90.7%) <0.001
LVEF (%) 374 +159 36.6 +15.4 382+ 155 382+152 0.018
Past Medical History
Hypertension 761 (54.6%) 873 (62.6%) 902 (64.7%) 928 (66.5%) <0.001
Diabetes mellitus 431 (30.9%) 545 (39.1%) 591 (42.4%) 663 (47.5%) <0.001
Ischemic Heart Disease. 513 (36.8%) 571 (40.9%) 636 (45.6%) 670 (48.0%) <0.001
Prior admission due to HF 396 (28.4%) 432 (31.0%) 506 (36.3%) 467 (33.5%) <0.001
Arrhythmia 433 (31.1%) 492 (35.3%) 509 (36.5%) 425 (30.5%) 0.001
Cerebrovascular Disease 166 (11.9%) 204 (14.6%) 232 (16.6%) 243 (17.4%) <0.001
Etiology of HF
Ischemic 439 (31.5%) 508 (36.4%) 556 (39.9%) 594 (42.6%) <0.001
Valvular 189 (13.5%) 199 (14.3%) 237 (17.0%) 178 (12.8%) 0.009
Dilated cardiomyopathy 367 (26.3%) 308 (22.1%) 227 (16.3%) 248 (17.8%) <0.001
Hypertensive 49 (3.5%) 54 (3.9%) 60 (4.3%) 54 (3.9%) 0.761
Tachycardia (AF) related 165 (11.8%) 150 (10.8%) 160 (11.5%) 117 (8.4%) 0.014
Others 186 (13.3%) 176 (12.6%) 155 (11.1%) 204 (14.6%) 0.046
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Table 1. Cont.
Neutrophil to Lymphocyte Ratio
Clinical Characteristic Quartile 1 Quartile 2 Quartile 3 Quartile 4 p Value
(0.2-2.0) (2.1-3.2) (3.3-5.8) (5.9-192.4)
(n =1395) (n = 1395) (n =1395) (n = 1395)
Blood chemistry
Hemoglobin (g/dL) 13.1+22 126 +23 121+23 11.8+23 <0.001
WBC count (x 1000/uL) 75+32 75+3.0 85+3.2 11.3+52 <0.001
Platelet count (x 103/uL) 207.4 £75.7 208.8 £79.6 207.3 £78.6 218.6 + 115.6 0.001
Albumin (g/dL) 38+05 37+05 3.6+05 35+05 <0.001
Na (mEq/L) 139.0 + 3.8 138.1 +4.2 137.0 + 4.9 1359 +5.7 <0.001
BUN (mg/dL) 21.0+11.8 241 +£139 279174 31.8+£19.5 <0.001
Cr (mg/dL) 1.2+1.1 14+13 1.5+15 1.8+19 <0.001
eGFR (mL/min/1.73 m?) 73.3 +30.8 68.1 +37.1 63.4 + 34.5 58.0 £ 354 <0.001
BNP > 500 pg/mL o o o o
or NT-proBNP > 1300 pgml. &7 (614%)  981(70.3%) 1027 (73.6%) 1117 (80.1%)  <0.001
Medication at admission
ACEi/ARB 533 (38.2%) 551 (39.5%) 568 (40.7%) 484 (34.7%) 0.007
Beta blocker 415 (29.7%) 402 (29.8%) 427 (30.6%) 340 (24.4%) 0.001
Aldosterone antagonist 249 (17.8%) 263 (18.9%) 279 (20.0%) 256 (18.4%) 0.507
Mechanical ventilation 214 (15.3%) 161 (11.5%) 196 (14.1%) 288 (20.6%) <0.001
Renal replacement Tx. 63 (4.5%) 68 (4.9%) 109 (7.8%) 183 (13.1%) <0.001
Mechanical circulatory 80 (5.7%) 64 (4.6%) 78 (5.6%) 110 (7.9%) 0.002
support
In-hospital mortality, n (%) = 55 (4 50, 52 (3.7%) 83 (5.9%) 138(9.9%)  <0.001

(including urgent heart TPL)

BMI, body mass index; BP, blood pressure; NYHA, New York Heart Association; LVEF, left ventricular ejection
fraction; HF, heart failure; AF, atrial fibrillation; WBC, white blood cells; BUN; blood urea nitrogen; Cr, creatinine;
eGFR, estimated glomerular filtration rate; BNP, brain natriuretic peptide; NT-proBNP, n-terminal brain natriuretic
peptide; ACEi, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor blocker; Tx., therapy;

TPL, transplantation.

3.1. In-Hospital Mortality and 3-Year Survival After Discharge

In-hospital mortality including urgent heart transplantation occurred in 331 (5.9%) of the cases
during admission. Patients in the highest NLR quartile had a higher rate of in-hospital mortality (9.9%,
n = 138) compared with those in any other three quartiles. Patients belonging to NLR quartile 4 had
a longer duration of hospital stay and higher rate of intensive care unit/coronary care unit admission.
The details of in-hospital clinical outcomes are shown in Supplementary Table S1.

Of the initial 5580 patients who were hospitalized with AHF, 5,312 patients (95.2%) survived
to discharge. A total of 11 subjects were lost to follow-up, and the three-year follow-up rate after
discharge was 99.8%. Overall, 1891 patients (35.7%) died during the three-year follow-up period.
Figure 1 presents overall in-hospital mortality and three-year survival after discharge according to
the NLR quartiles. As compared with quartile 1, overall in-hospital mortality and post-discharge
three-year mortality were increasing in quartiles 2, 3, and 4 (p < 0.001, p < 0.001, respectively). Even at
post-discharge one month and six months, the overall survival of four groups according to quartile
showed a significant difference. In univariate and multivariate analyses and Cox regression analysis
with NLR quartile 1 as the reference, the patients in NLR quartile 4 showed higher overall in-hospital
mortality (adjusted odds ratio (OR) 2.23, 95% confidence interval (CI) 1.44-3.44) and post-discharge
three-year mortality (adjusted OR 1.44, 95% CI 1.24-1.67) (Table 2, Supplementary Table S6).
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Quartilea 1395 1267 1175 1012 916 781 875

Figure 1. Overall in-hospital mortality and 3-year survival after discharge. Quartile 1 (0.2-2.0); Quartile
2 (2.1-3.2), Quartile 3 (3.3-5.8), Quartile 4 (5.9-192,4).

Table 2. Univariate and multivariate logistic regression analyses for all-cause in-hospital and Cox
regression analysis for post discharge three-years mortality in HF patients stratified by quartiles of
neutrophil to lymphocyte ratio at admission. HF, heart failure; NT-proBNP, n-terminal brain natriuretic
peptide; HFrEF, heart failure with reduced ejection fraction; HFmrEF, heart failure with mid-range
ejection fraction; HFpEF, heart failure with preserved ejection fraction; BNP, brain natriuretic peptide;
AA, aldosterone antagonist; BB, beta blocker; RASi, renin-angiotensin system inhibitor.

In-Hospital Mortality Post Discharge 3 Year Mortality
(n = 5580) (n = 5312)
Adjusted OR ? p Value Adjusted OR P p Value
Quartile 1 (0.2-2.0) 1.0 (Ref.) 1.0 (Ref.)
Quartile 2 (2.1-3.2) 0.86 (0.52-1.42) 0.549 1.11(0.96-1.29) 0.172
Quartile 3 (3.3-5.8) 1.17 (0.73-1.87) 0.514 1.35 (1.16-1.55) <0.001
Quartile 4 (5.9-192.4) 2.23 (1.44-3.44) <0.001 1.44 (1.24-1.67) <0.001

Data are expressed as odds ratio (OR) and 95% confidence intervals (CI). Ref. = reference category.® adjusted for age
category (70> vs. 70<), sex (male vs. female), body mass index category (25> vs. 23<), etiology of heart failure
(ischemic vs. non-ischemic), systolic blood pressure (100> vs. 100<), history of hypertension, history of diabetes
mellitus, history of cerebrovascular disease, history of chronic obstructive disease, prior admission history due
to HF, presented tachyarrhythmia on admission, sodium level (135> vs. 135<), creatinine level (2.0> vs. 2.0<),
left ventricular ejection fraction (HFrEF vs HFmrEF vs HFpEF), BNP > 500 pg/mL or NT-proBNP >1 500 pg/mL.
b adjusted for age category (70> vs. 70<), sex (male vs. female), body mass index category (23> vs. 23<), etiology of
heart failure (ischemic vs. non-ischemic), systolic blood pressure (100> vs. 100<), history of hypertension, history of
diabetes mellitus, history of cerebrovascular disease, history of chronic obstructive disease, prior admission history
due to HE presented tachyarrhythmia on admission, sodium level (135> vs. 135<), creatinine level (2.0> vs. 2.0<),
left ventricular ejection fraction (HFrEF vs. HFmrEF vs. HFpEF), BNP > 500 pg/mL or NT-proBNP > 1500 pg/mL,
AA, BB, RASi.

The subgroup analysis included the evaluation of the association between NLR quartiles and
in-hospital and post-discharge three-year mortality in patients classified according to the frequency
of HF and to the severity of left ventricular systolic function (LVEF) (Supplementary Figures S1 and
S2). Regardless of the number of exacerbations of HF and the severity of LVEF, the higher the NLR,
the worse the overall in-hospital survival and post-discharge three-year survival. In the patients of
HFpEF, OR tends to increase from Quartile 3. In-hospital and post-discharge three-year mortality in
Quartile 4 are 1.83 (95% CI, 0.60-5.56), 1.81 (95% CI, 1.34-2.42), respectively (Supplementary Table S3).
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3.2. Relationship between NLR and Overall Survival According to the Aggravating Factor of HF

Subgroup analysis was performed by dividing the aggravating factor of HF into two
groups [non-ischemia/non-infection group and ischemia/infection group] (Figure 2). In the
non-ischemia/non-infection group, the baseline characteristics of the population according to NLR
quartile are listed in Table 3. Patients in the higher NLR quartile were older and had lower BMI and
more history of hypertension, diabetes, ischemic heart disease, and prior admission due to HE. Patients
in the higher NLR quartile demonstrated higher heart rates and increased incidence of New York
Heart Association class III or IV. Laboratory findings presented that patients in the higher NLR quartile
were associated with increased WBC counts, blood urea nitrogen, and serum creatinine, and decreased
hemoglobin, albumin, and sodium levels. These patients had higher incidence of BNP > 500 pg/mL or
NT-proBNP > 1500 pg/mL and renal replacement therapy. In quartile 4, 65 patients (8.3%) died and
showed the highest in-hospital mortality. As shown in Figure 1, the higher the NLR quartile, the lower
the overall in-hospital survival and post-discharge three-year survival. In multivariate analysis, as
compared with NLR quartile 1, the adjusted ORs of in-hospital mortality and post-discharge three-year
mortality in quartile 4 were 2.39 (95% CI, 1.19-4.81) and 1.81 (95% CI, 1.40-2.35), respectively (Table 4A).

A. Patients whose aggravating factor were not infection or ischemia B. Patients whose aggravating factorwere not infection or ischemia

100
(%)

— Guanile 1 @.2-1.9) 100
= Quartile 2 2.0-2.9) %)
— Quartile 3 (3.0-4.9)

~— Quartile 4 (2.0-22.0) o0

In-hospital mortality. g <0007 _ 60

1 manth after discharge: p <0001 -
B months after discharge: p<0001
3 years atter dischame p <0001

— Quartile 1 0.2-2.3)
— Quartile 2 2.4-35)
— Quartile 3 3970
~ Quanile 4 7.1-192.4)

80

70

Overall survival
Overall survival

: In-hospital mortality: <0001
1 month after discharge: o <0001

o

»

B months after discharge <0001

50 : 3 years after discharge <0.0M

(1] lﬁ::mi 1 (mony 6 (mon} 1 2 3 '} 'ﬁ::.p:: '| fmon) 6 (mon) 1 2 a
Follew-up after discharge (year) Follew-up after discharge (year)
Humber at Risk Number at Risk
Quartile 1782 763 753 79 B39 B34 595 Quartile 1613 576 553 521 458 438 405
Quartile 2763 770 753 =] B74 B13 552 Quartile 2614 538 573 529 453 432 e
Quartile 3781 755 723 BEE 602 823 451 Quartile 3613 569 551 42 449 4 332
Quaniled781 727 &87 <) 827 445 e Quartiled 613 246 503 423 361 328 264

Figure 2. Overall in-hosptial mortality and 3-year survival after discharge of HF patients subgroup
analysis by aggravating factor. (A) Quartile 1 (0.2-1.9), Quartile 2 (2.0-2.9), Quartile 3 (3.0-4.9), Quartile
4 (5.0-95.0); (B) Quartile 1 (0.2-2.3), Quartile 2 (2.4-3.8), Quartile 3 (3.9-7.0), Quartile 4 (7.1-192.4).

Table 3. Baseline clinical characteristics of HF patients whose aggravating factor were not infection
or ischemia stratified by quartiles of neutrophil to lymphocyte ratio at admission. HF, heart failure;
BMI, body mass index; BP, blood pressure; NYHA, New York Heart Association; LVEF, left ventricular
ejection fraction; HF, heart failure; AF, atrial fibrillation; WBC, white blood cells; BUN; blood urea
nitrogen; Cr, creatinine; eGFR, estimated glomerular filtration rate; BND, brain natriuretic peptide;
NT-proBNP, n-terminal brain natriuretic peptide; ACEi, angiotensin-converting-enzyme inhibitor; ARB,
angiotensin II receptor blocker; Tx., therapy; TPL, transplantation.

Neutrophil to Lymphocyte Ratio

Clinical Characteristic Quartile 1 Quartile 2 Quartile 3 Quartile 4 p Value
(0.2-1.9) (2.0-2.9) (3.0-4.9) (5.0-95.0)
(n=1782) (n =783) (n=781) (n=781)
Age (years) 63.2 +15.6 66.3 +15.2 69.0 + 14.5 69.1 + 15.6 <0.001
Male 391 (50.0%) 393 (502%) 387 (49.6%) 397 (50.8%) 0.967
de novo HF 405 (51.8%) 384 (49.0%) 330 (42.3%) 355 (45.5%) 0.001
BMI 241 +4.0 23.7+3.9 234 +4.1 229 +4.2 <0.001

Current smoker 166 (21.2%)  128(163%) 102 (13.1%) 116 (14.9%) <0.001
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Table 3. Cont.

8 of 16

Neutrophil to Lymphocyte Ratio

Clinical Characteristic Quartile 1 Quartile 2 Quartile 3 Quartile 4 p Value
(0.2-1.9) (2.0-2.9) (3.0-4.9) (5.0-95.0)
(n=782) (n =783) (n=781) (n=781)
Clinical Presentation
Systolic BP (mmHg) 128.0 £29.4 130.4 + 28.5 130.3 £30.3 130.8 £ 31.3 0.226
Diastolic BP (mmHg) 79.0 £ 18.6 19.6 £ 19.1 78.6 +£18.9 772 +19.7 0.083
Heart rate (beats/min) 91.0 +27.9 90.6 + 27.4 91.7 +27.4 94.9 + 27.6 0.009
NYHA III/IV 607 (77.6%) 632 (80.7%) 678 (86.8%) 678 (86.8%) <0.001
LVEF (%) 375 +16.7 372+164 394 +16.7 39.2+16.6 0.015
Past Medical History
Hypertension 412 (52.7%) 453 (57.9%) 477 (61.1%) 477 (61.1%) 0.002
Diabetes mellitus 209 (26.7%) 247 (31.5%) 281 (36.0%) 308 (39.4%) <0.001
Ischemic Heart Disease. 147 (18.8%) 177 (22.6%) 183 (23.4%) 196 (25.1%) 0.023
Prior admission due to HF 230 (29.4%) 256 (32.7%) 320 (41.0%) 316 (40.5%) <0.001
Arrhythmia 281 (36.0%) 329 (42.1%) 357 (45.7%) 315 (40.3%) 0.001
Cerebrovascular Disease 86 (11.0%) 115 (14.7%) 108 (13.8%) 136 (17.4%) 0.004
Etiology of HF
Ischemic 93 (11.9%) 131 (16.7%) 128 (16.4%) 134 (17.2%) 0.013
Valvular 134 (17.1%) 138 (17.6%) 185 (23.7%) 152 (19.5%) 0.004
Dilated cardiomyopathy 255 (32.6%) 218 (27.8%) 180 (23.0%) 196 (25.1%) <0.001
Hypertensive 37 (4.7%) 40 (5.1%) 43 (5.5%) 42 (5.4%) 0.906
Tachycardia (AF) related 119 (15.2%) 134 (17.1%) 124 (15.9%) 105 (13.4%) 0.240
Others 144 (18.4%) 122 (15.6)% 121 (15.5%) 152 (19.5%) 0.084
Blood chemistry
Hemoglobin (g/dL) 13.2+23 12.8 +2.2 123 +23 120+24 <0.001
WBC count (x 1000/uL) 70+£28 70+24 7.6 £27 1019 £5.2 <0.001
Platelet count (x 103/uL) 201.5+75.0 197.1 £ 69.0 201.0+77.1 207.9 £ 110.8 0.092
Albumin (g/dL) 3.8+04 3.8+04 37+0.5 3.6+0.5 <0.001
Na (mEq/L) 139.0 £ 3.6 1384 +4.2 137.1+5.0 136.1 £5.8 <0.001
BUN (mg/dL) 21.0 +11.7 233 +13.1 27.5+16.5 329 +22.0 <0.001
Cr (mg/dL) 1.1+1.0 1.3+12 1.5+15 1.7+19 <0.001
eGFR (mL/min/1.73 m?) 76.1 +32.1 68.5 +34.2 63.1 +33.8 59.7 + 35.0 <0.001
or NT]_SerEB?\%)gF;%/OISI}; g/ml 474 (60.6%) 552 (70.5%) 557 (71.3%) 612 (78.4%) <0..001
Medication at admission
ACEi/ARB 310 (39.6%) 309 (39.5%) 330 (42.3%) 288 (36.9%) 0.193
Beta blocker 241 (30.8%) 224 (28.6%) 229 (29.3%) 211 (27.0%) 0.416
Aldosterone antagonist 165 (21.1%) 172 (22.0%) 197 (5.2%) 163 (16.9%) 0.140
Mechanical ventilation 83 (10.6%) 68 (8.7%) 82 (10.5%) 106 (13.6%) 0.019
Renal replacement Tx. 19 (2.4%) 26 (3.3%) 56 (7.2%) 86 (11.0%) <0.001
Mechanical circulatory support 25 (3.2%) 21 (2.7%) 27 (3.5%) 36 (4.6%) 0.201
Total mortality, N (%) 21 (2.7%) 23 (2.9%) 40 (5.1%) 65 (8.3%) <0.001

(including urgent heart TPL)
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The trends of the baseline characteristics of the ischemia/infection group are similar to that of
the non-ischemia/non-infection group (Table 5). Of the 613 patients in quartile 4, 69 patients (11.3%)
died, with the highest rate among the 4 quartiles. Multivariate analysis showed that NLR quartile
4 showed a higher in-hospital mortality (adjusted OR 2.24, 95% CI 1.26—4.00) and post-discharge
three-year mortality (adjusted OR 1.30, 95% CI 1.05-1.73) with NLR quartile 1 as the reference (Table 4B).
The survival curves showed consistent results, as shown in Figure 2.

Table 4. Univariate and multivariate logistic regression analyses for all-cause in-hospital and post
discharge 3-year mortality in HF patients subgroup analysis by aggravating factor. HF, heart
failure; NT-proBNP, n-terminal brain natriuretic peptide; HFrEF, heart failure with reduced ejection
fraction; HFmrEEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved
ejection fraction; BNP, brain natriuretic peptide; AA, aldosterone antagonist; BB, beta blocker; RASi,
renin-angiotensin system inhibitor.

(A) Patients Whose Aggravating Factor Were not Infection or Ischemia.

In-Hospital Mortality Post Discharge 3 Year Mortality
(n =3127) (n = 3026)
Adjusted OR ? p Value Adjusted OR P p Value
Quartile 1 (0.2-1.9) 1.0 (Ref.) 1.0 (Ref.)
Quartile 2 (2.0-2.9) 0.85 (0.37-1.96) 0.702 0.98 (0.76-1.27) 0.868
Quartile 3 (3.0-4.9) 1.41 (0.67-2.96) 0.365 1.38 (1.07-1.77) 0.014
Quartile 4 (5.0-95.0) 2.39 (1.19-4.81) 0.015 1.81 (1.40-2.35) <0.001

(B) Patients Whose Aggravating Factor Were Infection or Ischemia

In-Hospital Mortality Post Discharge 3 Year Mortality
(n = 2453) (n = 2286)
Adjusted OR ? p Value Adjusted OR ® p Value
Quartile 1 (0.2-2.3) 1.0 (Ref.) 1.0 (Ref.)
Quartile 2 (2.4-3.8) 0.83 (0.43-1.62) 0.590 1.01 (0.77-1.34) 0.971
Quartile 3 (3.9-7.0) 1.65 (0.91-2.93) 0.099 1.18 (0.89-1.55) 0.288
Quartile 4 (7.1-192.4) 2.24 (1.26-4.00) 0.006 1.30 (1.05-1.73) 0.027

Data are expressed as odds ratio (OR) and 95% confidence intervals (CI). Ref. = reference category. # adjusted for
age category (70> vs. 70<), sex (male vs. female), body mass index category (25> vs. 23<), etiology of heart failure
(ischemic vs. non-ischemic), systolic blood pressure (100> vs. 100<), history of hypertension, history of diabetes
mellitus, history of cerebrovascular disease, history of chronic obstructive disease, prior admission history due
to HF, presented tachyarrhythmia on admission, sodium level (135> vs. 135<), creatinine level (2.0> vs. 2.0<),
left ventricular ejection fraction (HFrEF vs. HFmrEF vs. HFpEF), BNP > 500 pg/mL or NT-proBNP > 1500 pg/mL.
b adjusted for age category (70> vs. 70<), sex (male vs. female), body mass index category (23> vs. 23<), etiology of
heart failure (ischemic vs. non-ischemic), systolic blood pressure (100> vs. 100<), history of hypertension, history of
diabetes mellitus, history of cerebrovascular disease, history of chronic obstructive disease, prior admission history
due to HE, presented tachyarrhythmia on admission, sodium level (135> vs. 135<), creatinine level (2.0> vs. 2.0<),
left ventricular ejection fraction (HFrEF vs. HFmrEF vs. HFpEF), BNP > 500 pg/mL or NT-proBNP > 1500 pg/mL,
AA, BB, RASi.
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Table 5. Baseline clinical characteristics of HF patients whose aggravating factor were infection or
ischemia stratified by quartiles of neutrophil to lymphocyte ratio at admission. HF, heart failure; BMI,
body mass index; BP, blood pressure; NYHA, New York Heart Association; LVEF, left ventricular
ejection fraction; HF, heart failure; AF, atrial fibrillation; WBC, white blood cells; BUN; blood urea
nitrogen; Cr, creatinine; eGFR, estimated glomerular filtration rate; BNP, brain natriuretic peptide;
NT-proBNP, n-terminal brain natriuretic peptide; ACEi, angiotensin-converting-enzyme inhibitor; ARB,
angiotensin II receptor blocker; Tx., therapy; TPL, transplantation.

Neutrophil to Lymphocyte Ratio

Clinical Characteristic Quartile 1 Quartile 2 Quartile 3 Quartile 4 p Value
(0.2-2.3) (2.4-3.8) (3.9-7.0) (7.1-192.4)
(n = 613) (n = 614) (n = 613) (n = 613)
Age (years) 67.8 +12.9 69.9 +13.1 712+ 129 73.0 £12.3 <0.001
Male (%) 356 (58.1%) 363 (59.1%) 348 (56.8%) 329 (53.7%) 0.242
De novo HF 381 (62.2%) 339 (55.2%) 350 (57.1%) 367 (59.9%) 0.070
BMI 23.6 +3.6 232 +34 23.1+4.0 223 +3.3 <0.001
Current smoker 151 (24.6%) 104 (16.9%) 116 (18.9%) 100 (16.3%) 0.001
Clinical Presentation
Systolic BP (mmHg) 134.8 £34.2 1329 £29.0 133.3 £29.6 129.9 £29.7 0.046
Diastolic BP (mmHg) 80.3+19.3 79.1+17.9 791+17.6 75.8 +18.0 <0.001
Heart rate (beats/min) 91.6 +25.5 91.1+221 929 +21.9 98.7 +24.0 <0.001
NYHA II/IV 489 (79.8%) 534 (87.0%) 544 (88.7%) 575 (93.8%) <0.001
LVEF (%) 36.7 +14.4 355+134 37.0+14.1 37.6 +13.7 0.063
Past Medical History
Hypertension 365 (59.5%) 423 (68.9%) 429 (70.0%) 428 (69.8%) <0.001
Diabetes mellitus 257 (41.9%) 300 (48.9%) 309 (50.4%) 319 (52.0%) 0.002
Ischemic Heart Dz. 429 (70.0%) 431 (70.2%) 432 (70.5%) 395 (64.4%) 0.066
Prior adm. Hx. d/t HF 140 (22.8%) 177 (28.8%) 183 (29.9%) 179 (29.2%) 0.021
Arrhythmia 121 (19.7%) 144 (23.5%) 164 (26.8%) 148 (24.1%) 0.036
Cerebrovascular Dz. 76 (12.4%) 95 (15.5%) 110 (17.9%) 119 (19.4%) 0.005
Etiology of HF
Ischemic 414 (67.5%) 416 (67.8%) 409 (66.7%) 372 (60.7%) 0.027
Valvular 40 (6.5%) 46 (7.5%) 50 (8.2%) 58 (9.5%) 0.279
Dilated cardiomyopathy 101 (16.5%) 64 (10.4%) 60 (9.8%) 76 (12.4%) 0.001
Hypertensive 9 (1.5%) 12 (2.0%) 17 (2.8%) 17 (2.8%) 0.323
Tachycardia (AF) related 21 (3.4%) 29 (4.7%) 33 (5.4%) 27 (4.4%) 0.415
Others 28 (4.6%) 47 (7.7%) 44 (7.2%) 63 (10.3%) 0.002
Blood chemistry
Hemoglobin (g/dL) 13.0 +£2.2 122 +22 12.0+22 11.7+22 <0.001
WBC count (x 1000/uL) 83+35 83+37 9.6 +3.7 123 +5.0 <0.001
Platelet count (X 103/uL) 221.6 £ 80.5 2229 + 81.8 2169 + 87.8 2250 £ 117.7 0.476
Albumin (g/dL) 38+0.5 37+05 3.6 +0.5 35+0.5 <0.001
Na (mEq/L) 138.8 + 4.0 137.8 £4.0 1369 £ 4.7 135.7 £ 5.7 <0.001
BUN (mg/dL) 21.0+11.5 248 +13.3 27.6 +17.0 32.0+18.4 <0.001
Cr (mg/dL) 13+1.2 15+13 16+1.6 18+1.7 <0.001
eGFR (mL/min/1.73 m2) 71.0 +£29.6 66.5 + 39.1 63.4 + 36.0 56.1 + 35.8 <0.001

BNP > 500 pg/mL
or NT-proBNP > 1500 pg/mL
Medication at admission

377 (61.5%)  445(72.5%) 470 (76.7%) 495 (80.8%) <0.001

ACEi/ARB 219 (35.7%) 250 (40.7%) 228 (37.2%) 202 (33.0%) 0.040

Beta blocker 167 (27.2%) 189 (30.8%) 187 (30.5%) 136 (22.2%) 0.002
Aldosterone antagonist 69 (11.3%) 76 (12.4%) 97 (15.8%) 108 (17.6%) 0.004
Mechanical ventilation 148 (24.1%) 88 (14.3%) 116 (18.9%) 168 (27.4%) <0.001
Renal replacement Tx. 44 (7.2%) 40 (6.5%) 68 (11.1%) 84 (13.7%) <0.001
Mechanical circulatory support 62 (10.1%) 43 (7.0%) 56 (9.1%) 62 (10.1%) 0.188
Total mortality, N (%) 38 (6.2%) 24 (3.9%) 51 (8.3%) 69 (11.3%) <0.001

(including urgent heart TPL)
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3.3. Cut-Off Value of NLR

The cut-off value of the overall in-hospital mortality and post-discharge three-year mortality
was obtained using the spline method. When the aggravating factor was non-infection/non-ischemia,
the appropriate NLR cut-off value of overall in-hospital mortality and post-discharge three-year
mortality was 5; the adjusted ORs of overall in-hospital mortality and post-discharge three-year
mortality were 2.12 (95% CI 1.33-3.37) and 1.61 (95% CI, 1.32-1.96), respectively (Table 6A).
The in-hospital mortality and post-discharge three-year mortality curves were significantly different
between NLR > 5.0 and NLR < 5.0, as shown in Figure 3. However, when the aggravating factor was
infection/ischemia, the appropriate NLR cut-off value of overall in-hospital mortality and post-discharge
three-year mortality was 7; the adjusted ORs of in-hospital mortality and post-discharge three-year
mortality were 1.91 (95% CI, 1.31-2.80) and 1.20 (95% CI, 1.03-1.47), respectively (Table 6B). The overall
in-hospital mortality and post-discharge three-year mortality curves are shown in Figure 4.
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Figure 3. Overall in-hosptial mortality and 3-year survival after discharge of HF patients whose
aggravating factor were not-infection or non-ischemia divided by NLR 5.0.
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Figure 4. Overall in-hosptial mortality and 3-year survival after discharge of HF patients whose
aggravating factor were infection or ischemia divided by NLR 5.0.
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Table 6. Univariate and multivariate logistic regression analyses for all-cause in-hospital and post
discharge 3-year mortality in HF patients subgroup analysis by aggravating factor stratified by
neutrophil-lymphocyte ratio (NLR) cutoff value.

(A) Patients Whose Aggravating Factor Were not Infection or Ischemia

In-Hospital Mortality (n = 3127) Post Discharge 3 Year Mortality (n = 3026)
Unadjusted OR Adjusted OR 2 Unadjusted OR Adjusted OR P
NLR < 5.0 1.0 (Ref.) 1.0 (Ref.) 1.0 (Ref.) 1.0 (Ref.)
NLR > 5.0 3.35(2.25-4.99) 2.12 (1.33-3.37) 1.90 (1.67-2.17) 1.61 (1.32-1.96)
(B) Patients Whose Aggravating Factor Were Infection or Ischemia
In-Hospital Mortality (n = 2453) Post Discharge 3 Year Mortality (1 = 2286)
Unadjusted OR Adjusted OR ? Unadjusted OR Adjusted OR P
NLR < 7.0 1.0 (Ref.) 1.0 (Ref.) 1.0 (Ref.) 1.0 (Ref.)
NLR>7.0 2.11 (1.52-2.91) 1.91 (1.31-2.80) 1.56 (1.35-1.80) 1.20 (1.03-1.47)

Data are expressed as odds ratio (OR) and 95% confidence intervals (CI). Ref. = reference category.? adjusted for age
category (70> vs. 70<), sex (male vs. female), body mass index category (25> vs. 23<), etiology of heart failure
(ischemic vs. non-ischemic), systolic blood pressure (100> vs. 100<), history of hypertension, history of diabetes
mellitus, history of cerebrovascular disease, history of chronic obstructive disease, prior admission history due to
HF, presented tachyarrhythmia on admission, sodium level (135> vs. 135<), creatinine level (2.0> vs. 2.0<), left
ventricular ejection fraction (40%> vs. 40%<), BNP > 500 pg/mL or NT-proBNP > 1500 pg/mL.> adjusted for age
category (70> vs. 70<), sex (male vs. female), body mass index category (25> vs. 23<), etiology of heart failure
(ischemic vs. non-ischemic), systolic blood pressure (100> vs. 100<), history of hypertension, history of diabetes
mellitus, history of cerebrovascular disease, history of chronic obstructive disease, prior admission history due to
HF, presented tachyarrhythmia on admission, sodium level (135> vs. 135<), creatinine level (2.0> vs. 2.0<), left
ventricular ejection fraction (40%> vs. 40%<), BNP > 500 pg/mL or NT-proBNP > 1500 pg/mL, AA, BB, RASi. HF,
heart failure; NT-proBNP, n-terminal brain natriuretic peptide; HFrEF, heart failure with reduced ejection fraction;
HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; BNP,
brain natriuretic peptide; AA, aldosterone antagonist; BB, beta blocker; RASi, renin-angiotensin system inhibitor.

4. Discussion

Our study shows important implication about the effect of NLR on in-hospital mortality and
post-discharge mortality in patients with AHF. In AHF patients, higher NLR increases in-hospital
mortality and mortality at one-month, six-month and three-year after discharge and NLR is
an independent predictor for in-hospital and post-discharge three-year mortality.

In a previous study of approximately 1200 patients with acute decompensated heart
failure followed up for 26 months, patients with higher NLR have significantly higher 30-day
readmission and long-term mortality rate compared with those with lower NLR [10]. According to
Benites-Zapata et al. [11], elevated NLR is related to increased mortality or heart transplantation risk
in advanced HE. However, both studies are limited by small number of patients in single center and
retrospective study.

Our study is a multi-center prospective study involving more than 5000 patients. In contrast to the
two previous studies, we performed a subgroup analysis by the number of HF and the severity of LVEF
according to the 2016 ESC guidelines. Regardless of the number of decompensated HF and the degree
of LVEE, the higher the NLR, the worse the in-hospital mortality and the post-discharge three-year
mortality. Particularly, as compared to the patients with HFrEF, the in-hospital and post-discharge
three-year mortality were worse with increasing NLR in HFpEF patients. Considering the potential
and emerging role of inflammation in HFpEF patients, NLR may be a good indicator for prognosis.
In addition, a subgroup analysis was performed according to the aggravating factors of HE. In both
infection/ischemia and non-infection/non-ischemia groups, in-hospital mortality and post-discharge
three-year mortality were higher in the higher NLR group. As a result, NLR was independently
associated with worse outcome.

No consensus has been reached on the cut-off values to define the levels of NLR as most studies
classified into tertiles or quartiles. In our study, the cut-off value was 6, as calculated using the
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spline method. The cut-off value was different according to the aggravating factor of HF. When
the aggravating factor was ischemia and/or infection, the cut-off value was 7 and the OR was 1.91
(95% CI, 1.31-2.80) in in-hospital mortality and 1.20 (95% CI, 1.03-1.47) in post-discharge three-year
mortality. When the aggravating factor was not ischemia or infection, the cut-off value was 5 and the
OR was 2.12 (95% CI, 1.33-3.37) in in-hospital mortality and 1.61 (95% CI, 1.32-1.96) in post-discharge
three-year mortality.

As well known, BNP/NT_proBNP is an excellent marker for predicting prognosis in patients with
heart failure [20,21]. However, there are a few problems for BNP, such as variability between kits
and underestimation due to short-half life. NLR is inexpensive and has little variability during the
test, compared to BNP. Furthermore, NLR can be usefully used in combination with BNP for various
clinical settings.

We suggest two possible mechanisms why higher NLR increases all-cause mortality in patients
with HE. First, NLR is an inflammatory marker. Second, NLR reflects sympathetic tone. NLR is
a combination of two independent inflammatory markers involved in two different immune pathways:
neutrophils as a marker of the ongoing nonspecific inflammation are involved with a much quicker
response, and lymphocytes as a marker of the regulatory pathway are associated with more adaptive
long-term response of the immune system, as called physiological stress [22-24]. When other different
inflammatory stimulus occurs, Leukocytes in response release pro-inflammatory cytokines, such as
acid phosphatase, elastase, and myeloperoxidase. The release of these cytokines has detrimental
effects on the myocardium, which leads to decrease ventricular function [25-27]. By contrast,
lymphocytes are related to the regulation of the immune system pathway [22]. Inflammation stimulate
lymphocytopenia downregulation of the lymphocyte apoptosis, differentiation and lymphocyte
proliferation, and neurohumoral activation [28,29]. Lymphopenia has been demonstrated to be
an independent prognostic factor, being related to lower survival rates in patients with HF [6,30,31].

Another plausible mechanism is that NLR can be affected by autonomic nerve balance. In other
words, a higher NLR could imply a higher ratio of sympathetic/parasympathetic tone. When
sympathetic tone are stimulated, the number and function of granulocytes are increased. On the other
hand, those of lymphocytes are increased by parasympathetic tone [32].

This study has several limitations. First, as the results were analyzed only with the NLR at the
time of admission, evaluating the effect of changes in NLR values on clinical outcomes over time
was not possible. Second, although multivariable adjustment was performed to clinical variable that
are known to be significant, the possibility of potential confounders, such as nutritional status and
concomitant inflammation caused by other comobidities, remains. Third, our study is a retrospective
analysis of a prospective cohort, additional study might be needed. Fourth, adjustments to well-known
factors of acute heart failure outcomes such as congestion may be lacking, and attention should be
given to their interpretation.

5. Conclusions

NLR is a cost-effectiveness, easy to apply clinical applicable value that predicts short-term and
three-year prognosis and stratifies the risk of patients with AHF. Elevated NLR in patients with AHF
on admission is an independent predictor for in-hospital and post-discharge three-year mortality even
if adjusted for well-known predictors and interactions. It is also independent predictor regardless of
the severity of LVEF or aggravating factor of AHEF. For practical and clinical applications, this study
demonstrates the cut-off value of NLR to predict outcomes, instead of tertile or quartile values in the
analyzed population. In general, the cut-off value of NLR is 6. When the exacerbation factor was
infection or ischemia, the cut-off value of NLR is 7. However, when the exacerbation factor is not
ischemia or infection, the cut-off value of NLR is 5. We suggest that our study results should be taken
into consideration in treatment for patients with AHF in clinical settings.
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