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Summary

Background: To investigate the association between both
neutrophil to lymphocyte ratio (NLR) and platelet to
lymphocyte ratio (PLR) and 30-day mortality in patients
hospitalized for an episode of acute decompensated heart
failure (ADHF).

Methods: 439 patients admitted to emergency department
(ED) for an episode of ADHF. Clinical history, demographic,
clinical and laboratory data recorded at ED admission and
then correlated with 30-day mortality.

Results: 45/439 (10.3%) patients died within 30 days from
ED admission. The median values of NLR (4.1 vs 11.7)
and PLR (159.1 vs 285.9) were significantly lower in
survivors than in patients who died. The area under the
ROC curve of NLR was significantly higher than that of the
neutrophil count (0.76 vs 0.59; p<0.001), whilst the AUC
of PLR was significantly better than that of the platelet
count (0.71 vs 0.51; p<0.001). In univariate analysis, both
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Kratak sadrzaj

Uvod: Svrha rada je bila da se ispitaju odnosi povezanosti
izmedu neutrofila prema limfocitima (NLR) i trombocita
prema limfocitima (PLR) i 30-dnevna smrtnost kod pacije-
nata koji su hospitalizovani zbog akutnog dekompenzovanog
sréanog ostecenja (ADHF).

Metode: U odeljenje hithe medicine (ED) primljeno je 439
pacijenata sa ADHF. Istorija bolesti, demografski i laborato-
rijski podaci su pracéeni prilikom prijema u ED i uporedivani
su sa 30-dnevnom smrtnoscu.

Rezultati: U toku 30 dana od prijema u ED umrlo je 45/439
(10,33%) pacijenata. Srednje vrednosti NLR (4,11 vs, 11,7)
i PLR (159,1 vs 285,9) bile su znacajno nize kod prezivelih
u odnosu na preminule pacijente. Povrsina ispod ROC krive
u NLR bila je znadajno visa nego kod iste u broju neutrofila
(0,76 vs 0,59; p < 0,001), dok je AUC u slu¢aju PLR bio
znacajno bolji nego u odnosu na broj trombocita (0,71 vs
0,51; p < 0,001). Univarijantne analize u slu¢aju oba NLR i
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NLR and PLR were significantly associated with 30-day. In
the fully-adjusted multivariate model, NLR (odds ratio,
3.63) and PLR (odds ratio, 3.22) remained independently
associated with 30-day mortality after ED admission.
Conclusions: Routine assessment of NLR and PLR at ED
admission may be a valuable aid to complement other
conventional measures for assessing the medium-short risk
of ADHF patients.

Keywords: acute heart failure, mortality, lymphocytes,
monocytes, platelets

Introduction

Although much progress has been made in
diagnosis and management of heart failure (HF) over
the past few decades, hospitalizations for acute
decompensated heart failure (ADHF) still remain
highly frequent and are often associated with
medium- and long-term mortality (1-4). HF is a
complex and multifaceted syndrome, attributable to
various pathological mechanisms which all
synergistically contribute to generating structural or
functional abnormalities, ultimately culminating in an
imbalance between cardiac capacity and peripheral
oxygen demand (5).

The most appropriate clinical management of
HF entails a deep understanding of the many factors
involved in development of ADHF (6). Along with the
potential recognition of innovative therapeutic targets
(7), the elucidation of underlying mechanisms behind
HF may lead the way to identify a set of putative
biomarkers, which may be used for more reliably
predicting patient outcomes (8-10). The prognostic
value of many alleged biomarkers has been
extensively studied over the past decade (10, 11).
Among these, both the neutrophil to lymphocyte ratio
(NLR) and the platelet to lymphocyte ratio (PLR) ratio
were proven to be useful prognostic biomarkers in
cardiovascular disease (12, 13), and have recently
been proposed as potentially useful indicators of
immune response activation in ADHF (14).

The role of inflammation in HF (15, 16), and
more specifically its contribution to episodes of acute
decompensation is still largely debated (17, 18).
Evidence collected during the last 30 years from in
vitro and in vivo studies have helped to elucidate the
different immune mechanisms that contribute to
triggering systolic dysfunction and progressive
alteration of heart structure in patients with chronic
HF (5, 19). In acute decompensation, the innate
immune response promotes both pro-inflammatory
cytokines release and oxidative stress injury, which
impair vascular homeostasis and withstand fluid
retention (9, 17, 20). Recently, NLR and PLR have
been proposed as reliable indicators of immune
activation, inflammation and oxidative stress injury,
and their measurement has been considered a
valuable tool for predicting mortality in patients with
cardiovascular disease (21, 22).

PLR bile su znacdajno povezane za 30-danom. U potpuno
podesenom multivarijantnom modelu, NLR (Odds odnos,
2,63) i PLR (Odds odnos, 3,22) bili su nezavisno povezani sa
30-dnevnom smrtno$c¢u posle prijema u ED.

Zaklju¢ak: Rutinsko pracenje NLR i PLR pri ED prijemu
moze da bude veoma znacajna pomo¢ uz druga konvencio-
nalna merenja i pracenja radi umanjenja rizika kod ADHF
pacijenata.

Kljuéne reéi: akutno sréano ostecenije, smrtnost, limfo-
citi, monociti, trombociti

Therefore, in this retrospective study, we sought
to investigate the association between NLR, PLR and
30-day mortality in a cohort of patients hospitalized
for an episode of ADHF.

Materials and Methods
Study population

This retrospective study was based on all
patients consecutively evaluated at the Emergency
Department (ED) (56,000 visits per year) of the
Hospital Girolamo Fracastoro (San Bonifacio, Verona,
Italy), between June 2014 and December 2016, and
subsequently hospitalized for an episode of ADHF. HF
was diagnosed according to the criteria of European
Society of Cardiology (ESC) (23), thus including
symptoms such as dyspnea, paroxysmal nocturnal
dyspnea, respiratory distress, and signs such as
peripheral edema, jugular turgor, cough, oliguria,
hepato-jugular reflux, tachypnea and pulmonary
stasis.

The only inclusion criterion was a diagnosis of
HF already available at ED admission, whilst exclusion
criteria were: 1) patients with active cancer and life
expectancy <3 months; 2) patients on dialysis; 3)
patients with severe anemia needing urgent blood
transfusion; 4) patients undergoing invasive mecha-
nical ventilation; 5) patients with medical conditions
known to affect total and differential white blood cell
(WBC) count (i.e., hematopoietic diseases, chronic
inflammatory conditions, chronic glucocorticoid
therapy); 6) patients in whom a complete blood cell
count (CBC) was not performed within 24 hours from
ED admission.

Clinical history, along with demographic and
clinical data, were recorded for all patients at ED
admission. Additional information that could always
be collected upon ED admission included the New
York Heart Association (NYHA) class, echocardio-
graphy parameters, ongoing pharmacological treat-
ment, and routine laboratory data.

The 30-day mortality from ED admission was
the primary endpoint of this study. Mortality data were
obtained by consulting the registry office. This retro-
spective investigation was performed in accordance
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with the Declaration of Helsinki and was cleared by
the local institutional review board.

Laboratory measurements

The complete blood cell count (CBC) was
performed in blood tubes containing K,EDTA
(Terumo Europe NV, Leuven, Belgium), which were
always collected at the time of admission to ED. The
analysis was performed with the fully-automated
hematological analyzer Advia 2120 (Siemens Health-
care Diagnostics, Tarrytown NY, USA). The local re-
ference ranges are 150-400x10%/L for the platelet
count, 4.3-10.0x10%L for total WBC, 2.0-7.0
x10%/L for neutrophils and 0.95-4.5x10%/L for
lymphocytes. The entire investigation was carried out
using the same analyzer and the quality of results was
validated throughout the study period by regular
internal quality control procedures and participation
in an External Quality Assessment scheme.

Statistical analysis

The values of NLR and PLR values were
respectively calculated by dividing the absolute
number of neutrophils or platelets for the absolute
counts of lymphocytes, obtained in the same blood
sample collected upon ED admission. Results of NLR,
PLR and of all the remaining continuous variables
were reported as median and interquartile range
(IOR), whilst categorical or dichotomous variables
were reported as percentage and number of events.
Normality of values distribution was evaluated with
Kolmogorov-Smirnov test, whereas differences
between groups were assessed with Mann Whitney
Test, Fischer’s Exact Test or Chi-square Test, when
appropriate.

The predictive performance of NLR and PLR
was assessed by analyzing their respective values as
continuous, dichotomic or categorical variable. Since
the values of both NLR and PLR were found to be
non-normally distributed, they were preliminarily
transformed and standardized (mean of O and
standard deviation of 1) to be used as continuous
variables. Patients were also categorized in tertiles
according to NLR or PLR values. For testing the
relationship with 30-day mortality from ED admission,
both NLR and PLR values were dichotomized
according to their respective optimal cut-offs as
calculated using receiver operating characteristics
(ROC) curve analysis.

Univariate and multivariate binary logistic
regression models were used to test the association
between 30-day mortality from ED admission and
both NLR and PLR values. NLR and PLR were
entered in the regression models as continuous,
categorical or dichotomous variables. Unadjusted and
adjusted hazard ratios (HR) were then calculated with

their respective 95% confidence interval (95% CI).
The multivariate logistic model for assessing the
independent association between 30-day mortality
and both NLR and PLR was adjusted for the following
variables: age, NYHA class upon ED admission,
echocardiography parameters, history of ischemic
heart disease, atrial fibrillation and diabetes, as well
as for hemoglobin, creatinine, WBC and C reactive
protein (CRP) values measured on admission.

Kaplan-Meier curves were finally constructed for
assessing the cumulative risk of 30-day mortality from
ED admission, and the predictive performance of
both NLR and PLR was then evaluated with Log-Rank
Test. Statistical significance was set at p<0.05. The
statistical analysis was performed with STATA
statistical software (Stata Corp LP College Station,
TX, USA).

Results

A total of 466 patients were consecutively
admitted to our local ED for an episode of ADHF
throughout the study period, 27 of whom ought to be
excluded for the presence of one or more exclusion
criteria. Therefore, the final study population
consisted of 439 eligible patients.

Overall, 45/439 (10.3%) patients died within
30 days from ED admission. The clinical history and
the main demographic, clinical and laboratory data
recorded at ED presentation are shown in Table I. The
median values of NLR and PLR in the entire study
population were 4.5 (IQR, 2.8-7.6) and 171.1 (IQR,
115.7-259.6), respectively.

The distribution of NLR and PLR values in
patients who survived and in those who died 30 days
after ED admission is shown in Figure 1. The median
NLR value was nearly 3-fold lower in survivors (4.1;
IQR, 2.6-6.6) than in patients who died (11.7; IQR,
5.8-26.8; p<0.001). The median PLR value was
also significantly lower in survivors (159.1; IQR,
110.9-242.4) than in patients who died (285.9; IOR,
189.1-466.2; p<0.001).

The 30-day death rate after ED admission was
lower in patients in the lowest tertile of NLR (n=4;
2.8%) than in those in the medium (n=8; 5.4%) and
highest tertiles (n=33; 22.1%; p<0.001 for trend).
Likewise, the 30-day mortality after ED admission was
also found to be consistently enhanced across
increasing tertiles of PLR (2.8% vs 9.0% vs 18.8%; p
<0.001 for trend).

The optimal cut-offs for predicting mortality 30
days after ED admission were identified by means of
ROC curve analysis, and were 5.7 for NLR (i.e., low
(L)-NLR 5.7 and high (H)-NLR >5.7) and 272.9 for
PLR (i.e., low (L)-PLR 272.9 and high (H)-PLR
>272.9), respectively (Figure 2). When the entire
patient population was stratified according to these
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Table I Clinical history, demographic, clinical and laboratory data recorded in 439 patients admitted to the local emergency
department for an episode of acute decompensated heart failure.

Survived Died p
Patients, n (%) 394 (89.7) 45 (10.3)
Sex, n (%)* 0.875
Men 221 (56.1) 26 (57.8)
Women 173 (43.9) 19 (42.2)
Age, years (median, IQR)Jr 82 (75-86) 86 (81-91) 0.001
Clinical history, n (%)*
Ischemic heart disease 126 (32.0) 20 (44.4) 0.068
Valvular heart disease 101 (25.6) 18 (40.0) 0.033
Atrial fibrillation 215 (54.6) 23 (51.1) 0.387
Hypertension 372 (94.4) 42 (93.3) 0.583
COPD 126 (32.0) 9 (20.0) 0.124
Chronic renal failure 155 (39.3) 28 (62.2) 0.003
Diabetes 171 (43.4) 23 (51.1) 0.203
Ischemic cerebral disease 34 (8.6) 3(6.7) 0.460
PAOD 195 (49.5) 28 (62.2) 0.072
PM/ICD 102 (25.9) 12 (26.7) 0.517
Ongoing therapies, n (%)*
Beta-Blockers 304 (77.2) 39 (86.7) 0.098
ACE inhibitors/Sartans 325 (82.5) 38 (84.4) 0.466
Loop diuretics 312 (79.2) 38 (84.4) 0.269
potassium-sparing diuretics 123 (31.2) 14 (31.1) 0.568
Aspirin 151 (38.3) 18 (40) 0.473
Oral anticoagulant therapy 204 (51.8) 23 (51.1) 0.528
Cardiac function
EF (continuous) %, IORT 43 (34-50) 37 (33-47) 0.021
EF (conserved); >45%), n (%)* 169 (42.9) 12 (26.7) 0.025
NYHA class, n (%)° 0.002
-1 306 (77.7) 25 (55.6)
M-IV 88 (22.3) 20 (44.4)
Laboratory parameters’
Hemoglobin (g/L) 120.3 (105.9-134.9) 104.3 (97.1-126.1) 0.046
Hematocrit (%) 38 (33-42) 33 (31-40) 0.138
Mean corpuscular volume (fL) 91.8 (87.4-96.1) 91.1 (85.8-99.4) 0.796
Creatinine (umol/L) 114.9 (97.2-159.1) 167.9 (141.4-203.3) < 0.001
C reactive protein (mg/L) 14.1 (5.9-35.1) 21.8 (12.6-89.5) 0.006
Prothrombin time (ratio) 1.34 (1.11-2.5) 1.42 (1.15-2.82) 0.604
White blood cell count’
Total White blood cells (x10%/L) 7.2 (6.0-8.9) 7.7 (5.7-10.9) 0.005
Neutrophils (x10%/L) 5.2 (3.8-6.6) 6.2 (4.4-10.3) < 0.001
Lymphocytes (x10%/L) 1.2 (0.8-1.6) 0.7 (0.3-1.1) < 0.001
Monocytes (x10%/L) 0.7 (0.5-0.8) 0.6 (0.3-0.8) 0.365
Platelets (x10%/L) 189.5 (154.0-242.0) 179.0 (135.0-221.0) 0.781
NLR
Continuous' 41 (2.6-6.6) 11.7 (5.8-26.8) < 0.001
Tertiles, n (%)° < 0.001
I 139 (35.3) 4 (8.9)
Il 139 (35.3) 8 (17.8)
1] 116 (29.4) 33 (73.3)
PLR
Continuous' 159.1 (110.9-242.4) 285.9 (189.1-466.2) < 0.001
Tertiles, n (%)° < 0.001
| 141 (35.8) 4 (8.9)
Il 132 (33.5) 13 (28.9)
1] 121 (30.7) 28 (62.2)

ACE, angiotensin-converting enzyme; COPD, Chronic obstructive pulmonary disease; EF, ejection fraction; NLR, neutrophils to
lymphocytes ratio; PLR, platelets to lymphocytes ratio; PAOD, peripheral artery occlusive disease; PM/ICD, permanent pacemaker

and implantable cardioverter defibrillator.
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Figure 1 Values distribution of neutrophil/lymphocyte ratio (NLR) and platelet/lymphocyte ratio (PLR) in patients who survive
or died 30 days after emergency department admission for an episode of acute decompensated heart failure.
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Figure 2 Receiver operating characteristics (ROC) curve analysis for predicting 30-days mortality after emergency department
admission for an episode of acute decompensated heart failure.
NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; PLT, platelets; WBC, white blood cells.

Table Il Univariate and multivariate analysis for predicting 30-days mortality after emergency department admission for an
episode of acute decompensated heart failure.

. o Multivariate adjusted
Univariate OR (95% Cl) p OR (95% Cl) p

NLR

Continuous 2.02 (1.46-2.82) <0.001 1.43 (1.05-1.95) 0.022
Tertiles 3.64 (2.18-6.07) <0.001 2.16 (1.15-4.07) 0.017
> optimal cut-off 6.81 (3.34-13.89) <0.001 3.63 (1.49-5.89) 0.005
PLR

Continuous 1.92 (1.50-2.47) <0.001 1.63 (1.11-2.15) <0.001
Tertiles 2.69 (1.71-4.24) <0.001 1.94 (1.12-3.35) 0.018
> optimal cut-off 5.89 (3.10-11.20) <0.001 3.22 (1.56-5.68) <0.001

OR, odds ratio; NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; 95% Cl, 95% confidence interval
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Figure 3 Kaplan-Meyer curves for 30-day mortality in patients admitted to the emergency department for an episode of acute
decompensated heart failure. (A) Global survival for patients with NLR over and under the median value; (B) Cumulative death
risk according to NLR tertiles; (C) Global survival for patients with PLR over and under the median value; (D) Cumulative death

risk according to PLR.

NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio.

thresholds, increased values of NLR were observed in
75.6% (34/45) of patients who died versus only
31.2% (123/394) of those who survived (p<0.001),
whilst increased PLR values were observed in 55.6%
(25/45) of patients who died compared to 17.5%
(69/394) of those who survived (p<0.001). The area
under the ROC curve (AUC) of NLR was significantly
higher than that of the neutrophil count (0.76 vs
0.59; p<0.001), whilst the AUC of PLR was
significantly better than that of the platelet count
(0.71 vs 0.51; p<0.001) (Figure 2).

The results of the univariate and multivariate
analyses are shown in Table Il. In univariate analysis,
both NLR and PLR, either expressed as continuous or
as categorical variables, were found to be significantly
associated with 30-day mortality after ED admission.
In the multivariate model adjusted for age, NYHA class,
echocardiography parameters, history of ischemic
heart disease, atrial fibrillation, diabetes, and for the
values of hemoglobin, creatinine and WBC count at
ED presentation, NLR and PLR remained independently
associated with 30 days mortality (Table Il). These

findings were confirmed by Kaplan-Meier analysis
(Figures 3). More specifically, the cumulative risk of
30-day mortality was found to be significantly higher
for patients in the highest tertile of both NRL (Log
Rank, p<0.001) and PRL (Log Rank, p<0.001), as
well as for patients with NLR and PRL values >5.7
and >272.9, respectively (Log Rank, p<0.001 for
both).

Discussion

Several lines of evidence attest that cell-me-
diated immune response, inflammation and oxidative
stress are strongly implicated in the pathogenesis of
cardiovascular disease (9, 12, 21). In effect, classic
biomarkers of inflammation such as C-reactive
protein, interleukin (IL)-1 and IL-6 has been largely
associated with an increased risk of cardiovascular
events (24-26). Nonetheless, among the most recent
inflammatory biomarkers proposed as potential
predictors of outcome in clinical practice (27, 28),
NLR and PLR are quick and inexpensive tests, and
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have been convincingly associated with the outcome
of cardiovascular diseases managed in the ED (21,

22).

In line with these findings, interesting data
emerged from our study. We first showed that the
values of both NLR and PLR were significantly higher
in ADHF patients who died within 30 days of ED
admission than in those who survived during the
same period. Interestingly, both NLR and PLR
remained independently associated with 30-day
mortality after adjustment for a large number of
demographic, clinical and laboratory data.

Although the clinical significance of NLR is still
unclear, an enhanced value of this simple and
inexpensive parameter may reflect the existence of a
combination between a pro-inflammatory state (i.e.,
increased neutrophil count) and a concomitant
depression of cell-mediated response (i.e., reduced
lymphocyte count) (29). A recent study showed that
an increased WBC count was associated with higher
long-term mortality in patients with chronic HF (30).
Leukocyte activation or, more specifically, neutrophil
activation in response to various stimuli, may trigger a
sustained release of pro-inflammatory cytokines such
as interleukin (IL)-1, IL-6, and tumor necrosis factor
alpha (TNF-alpha), which may then be responsible for
a number of direct, deleterious effects on ventricular
function and cardiovascular homeostasis (31, 32).
Regarding lymphocytes, lymphopenia has been
previously associated with increased mortality in
ADHF patients with both reduced and preserved
ventricular function (33, 34). Notably, one single
study which investigate the role of NLR for predicting
medium- and long-term mortality in patients
hospitalized for ADHF has been performed up until
now. Specifically, Uthamalingam et al. (14) studied
1212 consecutive patients admitted for ADHF, finally
reporting that a NLR value >7.6 on admission was
associated with enhanced risk of long-term mortality
and higher risk of 30-day hospital readmission (14).
Moreover, patients in the highest tertile of NLR were
found to have a nearly 3-fold enhanced risk of intra-
hospital death than those in the lowest tertile (14).
Most recently, Benites-Zapata et al. (35) showed that
patients with advanced HF and increased values of
NLR had an enhanced risk of cardiac transplantation
or mortality. Likewise, Durmus et al. (36) also
identified an interesting association between
increased NLR values and left ventricular systolic EF
(r=-0.409; p<0.001), thus confirming that sustained
release of proinflammatory cytokines and proteolytic
enzymes by neutrophils may play an active role in
negative cardiac remodeling. The inverse association
observed between NLR and mortality in patients
admitted to the ED for ADHF can hence be explained
with a double-faceted mechanism. On one hand an

increased number of circulating neutrophils may
promote progression towards a pro-oxidative and pro-
thrombotic state leading to endothelial injury and
platelet aggregation (37), whilst a reduced number of
circulating lymphocytes may reflect the presence of a
physiological stress and an overall immune-metabolic
depression, which cannot efficiently counteract
oxidative and/or inflammatory injury (12, 38).

Regarding PLR, our study is the first to
investigate the role of this parameter for predicting
short-term outcomes in patients admitted to the ED
for ADHF. On different topics, Siniorakis et al. (39)
have highlighted a possible role of PLR for the
differential diagnosis of dyspnea in the ED. In
addition, Durmus et al. (36) demonstrated, in a
limited cohort of patients (n=96), that PLR was
higher in patients with HF than in healthy controls,
though failed to find a significant association with
mortality. Hence, further studies are needed for
confirming our preliminary data and establishing
whether or not this easy and inexpensive parameter
may retain a predictive role in ADHF.

Our investigation has some limitations, mainly
due to the fact that it is a single-center and
retrospective study. Nevertheless, the possibility of
studying patients admitted to a middle-size ED with a
previous diagnosis of chronic HF before admission
(40) has allowed to better reproduce the real-life
scenario of a multifaceted condition for which a
significant gap still exists between reference centers
(which have large experience and availability of
advanced treatments) and peripheral facilities (which
ordinarily manage this condition in the local district)
(32). Another notable drawback is the lack of follow-
up data of both NLR and PLR, which may have
allowed the correlation of dynamic changes of these
parameters with clinical outcomes.

Conclusions

ADHEF is still a frequently managed condition in
many EDs worldwide. A timely and accurate prog-
nostic assessment represents a crucial aspect for
tailoring the treatment according to the actual
conditions and future risk of the patient. According
to our data, routine assessment of both NLR and
PLR may therefore be seen as a valuable aid to
complement other conventional measures for
assessing the medium-short risk of patients admitted
to the ED for ADHFE
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