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KEYWORDS Abstract Background and aim: Leukocytes and their subpopulation have been long implicated
Leukocyte in the progression of the syndrome of heart failure (HF), especially heart infiltration cells. Previ-
differential; ous reports have suggested that they can predict worse outcome in patients with HF, and can also
Lymphocyte-to- affect the function of other cells and myocardial extracellular matrix remodeling process. How-
monocyte ratio; ever, the lymphocyte-to-monocyte ratio (LMR) and its possible value as prognostic marker have
Heart failure; not been evaluated.

Death Methods and results: A total of 390 patients with acute HF were recruited and followed for 6

months. Their total blood count with leukocyte differential was obtained. Two groups were
formed according to the endpoints of HF death and optimal cut-off value of LMR, and were
compared. A multivariate Cox-regression model was used to establish the prognostic value with
the endpoints of HF and all-cause mortality. Median age of the patients was 78 years and 48.5%
of them were men. No major difference was observed between the clinical characteristics of the
two groups. Patients who died of HF had significantly higher values of B-type natriuretic pep-
tide and lower values of LMR. Leukocyte and monocyte counts revealed a multivariate-adjusted
risk for both endpoints, whereas relative lymphocyte counts had only significant value for all-
cause mortality. The multivariate-adjusted hazard ratios for the 6-month HF and all-cause mor-
tality in patients with LMR values < 2.0 were, respectively, 2.28 (95% CI: 1.25—4.15) and 2.39
(95% CI: 1.39—-4.10).

Conclusion: Our results show that, upon discharge from hospital after an episode of acute HF, a
lower value of LMR is independently associated with a higher risk of mortality within 6 months.
© 2015 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis,
the Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery,
Federico Il University. Published by Elsevier B.V. All rights reserved.

Introduction more complex and systemic condition. The types of
prognostic factors associated with the risk of HF morbidity

Pathophysiology of heart failure (HF) is no longer regarded and mortality have been increasing [1—3], with a special
as an isolated cardiac entity, but rather an increasingly emphasis on markers associated with inflammation, such
as interleukin-6, tumor necrosis factor-e, and C-reactive

protein (CRP) [4—7]. However, regardless of its pathogen-
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cells, including granulocytes, monocytes, macrophages,
dendritic cells, mast cells, and T- and B-lymphocytes, can
produce and secrete various cytokines, modulating the
inflammatory response and affecting the functions of other
cells and myocardial extracellular matrix remodeling
process [9,10].

As both lymphocytes and monocytes play important
roles in HF-related inflammation and remodeling/fibrosis,
and considering the heterogeneity of HF, we aim to test if
the LMR is also a useful parameter in discriminating the HF
patients at a higher risk of mortality.

Methods
Study population

We conducted a prospective observational study between
January 2009 and December 2010. In this study, patients
admitted to the department of internal medicine of a
central Portuguese hospital center, with the primary
diagnosis of HF, either worsening or de novo HF, were
included. However, patients with acute coronary syn-
dromes, with symptoms attributable to causes other than
HF, or with no echocardiographic structural or functional
cardiac abnormality were excluded from the study.

An echocardiogram was performed in all eligible pa-
tients within 72 h of admission. A comprehensive echo-
cardiographic assessment was performed using a
multifrequency matrix probe (Vivid S6, GE Healthcare).
The diagnosis of HF was made in accordance with the
guidelines of the European Society of Cardiology [11]. All
HF etiologies were admitted. Both groups of patients with
left ventricular systolic dysfunction (LVSD) and HF with
preserved ejection fraction were included in the study. A
left ventricular ejection fraction (LVEF) of above 50% was
defined as normal systolic fraction. Treatment decisions,
timing of discharge, and discharge medication were at
discretion of the attending physician, and the physicians
were aware of the ongoing study.

Fasting venous blood samples were collected from all
patients between 7 and 8 am on the day of discharge.
Clinical and demographic data were collected, and other
relevant information was obtained by interview upon the
collection of the blood samples. Plasma B-type natriuretic
peptide (BNP) was measured by a chemiluminescent
immunoassay in the Architect i2000 automated analyzer
(Abbott), and serum creatinine and CRP were measured in
the automated clinical chemistry Olympus AU5400
analyzer (Beckman Coulter Inc.). Data on hemoglobin level
and complete blood count (CBC) with leukocyte differen-
tial were obtained in a Sysmex XE-5000 automated blood
counter (Sysmex).

Comorbidities were also recorded for each patient.
Coronary heart disease was verified with a history of
myocardial infarction, history or electrocardiographic evi-
dence of ischemia, or confirmation of coronary angiog-
raphy. Diabetes mellitus was confirmed with a history of
diabetes or the current prescription of either an oral hy-
poglycemic agent or insulin. Anemia was found to be

present when the hemoglobin level was <13 and <12 g/dL
in men and women, respectively. Arterial hypertension
was confirmed with the presence of previous diagnosis or
evidence of antihypertensive pharmacological treatment.
Renal dysfunction was suspected when creatinine levels
exceeded 1.5 mg/dL. Alcohol habits of the patients were
determined by clinician evaluation. Estimated glomerular
filtration rate (EGFR) was calculated by the Cock-
croft—Gault equation [12].

Patients were followed up for a period of 6 months after
discharge, by means of consultation in the hospitals and/or
telephone contact. The obtained endpoints were HF death,
including worsening congestion because of progressive
pump failure and sudden cardiac death, and all-cause
mortality.

It is worth noting that all patients provided written
informed consent to participate in the study. The study
protocol conformed to the ethical guidelines of the
Declaration of Helsinki, and was approved by the local
ethics committee.

Statistical analysis

Continuous variables are presented as median (inter-
quartile range (IQR)) because of the skewed distribution,
and categorical variables as counts and proportions.
Normality of the variables was determined by the Sha-
piro—Wilk test.

Patients were divided according to the endpoint of HF
death and the optimal cut-off value of LMR. This value was
calculated through receiver operating characteristic (ROC)
curves and the Youden index. The Youden index is useful
in the calculation of the maximum vertical distance or
difference between the ROC curve and the diagonal or
chance line, which represents the cut-point that optimizes
the differentiating ability of the biomarker when sensi-
tivity and specificity are given equal importance. Groups
were formed and compared. A chi-squared test was used
for the comparison of categorical variables, and a Man-
n—Whitney test was used for comparing continuous vari-
ables once their distribution was skewed.

A univariate Cox-regression analysis was used for the
assessment of prognostic power of the variables under
study. Variables that were found to be of prognostic sig-
nificance or known to influence HF prognosis were
included in the developed multivariate models. Variables
with significant prognostic power in the multivariate
models were also divided into groups according to their
optimal cut-off values to evaluate their influence on
stratification of our patients.

The Kaplan—Meier test was used for estimating the
survival function of patients in the 6-month follow-up
with both outcomes in study, and according to the cut-off
value calculated by the Youden index.

It was considered that p = 0.05 is statistically signifi-
cant with a confidence interval of 95%.

Data were stored and analyzed using software packages
such as SPSS Statistics 20.0 (SPSS Inc., Chicago, IL, USA) and
MedCalc 14.8.1 (MedCalc Software bvba, Ostend, Belgium).
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