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Abstract

The neutrophil to lymphocyte ratio (N/L) is an indicator of systemic inflammation and a
prognostic marker in patients with several cardiovascular diseases (CVDs). Exercise capacity
(EC) plays an important role in predicting morbidity and mortality especially in patients with
coronary artery disease and heart failure. Studies have been conducted to evaluate the
correlation between N/L ratio and EC in CVDs. We searched the PubMed (MEDLINE) database
using the keywords “neutrophil”, “lymphocyte”, “neutrophil to lymphocyte ratio”,
“cardiovascular disease”, “exercise capacity” and derivatives. Considering the dispersion of
these studies as well as reports on prognostic value of N/L ratio in CVDs, we have summarized
these findings as a review article. A significant association between higher N/L ratio and low EC
was identified, both of which has predictive and prognostic value especially for patients with
heart failure.
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Rezumat

Raportul neutrofile-limfocite (N/L) este un marker de inflamatie sistemica ce are utilitate
prognostica la pacientii cu afectiuni cardiovasculare. Capacitatea de efort are un important rol
prognostic in prezicerea morbiditatii si mortalitatii la pacientii cu boald coronariana si
insuficienta cardiaca. Date despre aceasta relatie dintre raportul N/L si capacitatea de efort nu
au intarziat sa apara in literatura de specialitate, avand in vedere spectrul larg de afectiuni
cardiovasculare, pe care le-am sumarizat in aceasta lucrare. Folosind cuvintele cheie
“neutrophil”, “lymphocyte”, “ neutrophil to lymphocyte ratio”, “cardiovascular disease”,
“exercise capacity” si derivate am cautat articole in baza de date PubMed (MEDLINE). Valorille
crescute ale raportului N/L au fost asociate cu o capacitate scazuta de efort, ambele entitati
avand valoare prognostica si predictiva, in special la pacientii cu insuficienta cardiaca.

Cuvinte cheie: neutrofile, imfocite, boli cardiovasculare, capacitate de efort
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Introduction

Cardiovascular disease (CVD) is a leading
contributor to global mortality and morbidity.
Internationally, it is the cause of approximately
a third of total yearly deaths, with mortality
rates in high-income countries ranging from
20% to 50%. Also CVD are chronic conditions
that could impair physical functionality,
psychological health and life quality™.
Atherosclerotic cardiovascular disease is one
of the most common diseases in Romania®?.
The neutrophil/lymphocyte ratio (N/L ratio) is
one of several inflammatory parameters that
have been proposed as prognostic markers to
determine the systemic inflammatory
response. N/L ratio are being widely used for
diagnostic and prognostic purposes in various
conditions, such as in solid tumors',
autoimmune diseases', and infectious
disease'” and last but not at least
cardiovascular diseases. The N/L ratio, which is
calculated from a complete blood count, is an
inexpensive and easy to obtain marker of
inflammation that can aid in the risk
stratification of patients with various
cardiovascular diseases alongside traditionally
used markers".

Exercise capacity (EC) and functional capacity
are one of the most important prognostic
factors in patients with cardiovascular
diseases, which is generally measured
indirectly and expressed as metabolic

equivalent (MET) according to the treadmill
test. However, the best objective method to
determine EC is cardiopulmonary exercise test
which measures peak oxygen consumption
but this examination is not always available
and requires expertise®. This paper will review
recent updates on the evidence regarding the
association of N/L ratio and effort capacity in
various cardiovascular diseases.

Research Strategy

For this review, we conducted a search
strategy from internationally accepted
database - PubMed (MEDLINE), using specific
keywords, including neutrophil and
lymphocyte ratio and effort capacity. We used
a combination of keywords [neutrophil and
lymphocyte ratio; neutrophils; neutrophil;
lymphocytes; lymphocyte] + [exercise
capacity; effort capacity; physical exertion;
functional capacity; stress test] + [heart
disease; cardiovascular disease; coronary
artery disease; chronic coronary syndrome;
heart failure; valvulopathy]. Our research
included prospective and retrospective
cohorts and randomized clinical trials that
included patients at whom was evaluated the
effort capacity by treadmill test, cardiopul-
monary exercise tests (CPET) or 6 minutes
walk test (6MWT). Studies with patients under
18 years old, studies that did not mention
about effort capacity or functional capacity, or
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studies that included other conditions besides
cardiovascular disorders were excluded.

N/L ratio is extremely frequently used not only
in cardiovascular disease, given it is
inexpensive and easy to obtain and we
considered it useful to draw attention to its use
in estimate the effort capacity, especially in
patients with cardiovascular disorders that
could be enrolled in rehabilitation programs

Coronary artery disease (CAD)

Exercise capacity, which is assessed based on
peak oxygen uptake (peak VO,), is considered
the gold standard for assessing aerobic
exercise intensity”. Peak VO, can also be
expressed as metabolic equivalent (MET; =3.5
ml/kg per min VO,) for those patients who
cannot be evaluated with CPET.

Kodama et al. observed that participants with a
maximal exercise capacity (MAC) of 7.9 METs
or more had substantially lower rates of all-
cause mortality and CAD events compared
with those with a MAC of less 7.9 METs".

Okan reported the result of his trial in which
evaluated 23 patients with CAD and reported
that higher N/L ratios were negatively
correlated with MET value and duration of
exercise (p <0.05). For all patients were
performed symptom - limited treadmill test
and 6MWT. The result of 6MWT test distance
was 333.43 £ 86.58 m and the N/L ratio was
2.01 +1.22%,

Verdoia et al. recently investigated the
relationship between N/L ratio and
angiographic defined CAD in over 3000
patients and concluded that, independent of
the established cardiovascular risk factors, N/L
ratio was associated with the extent of
coronary lesions and the complexity of the
lesion (calcification, thrombus)*?.

In a recent trial published in 2017, Korkmaz et
al evaluated the role of N/L ratio in addition to
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treadmill ECG testing in predicting CAD. All
patients underwent a treadmill exercise test by
an experienced technician under the
supervision of a cardiologist in accordance
with the Bruce protocol. 60% percent of
patients was positive at treadmill test. Increase
of N/L ratio after exercise test was significantly
higher in patients with positive exercise test
than those with negative exercise test
(0.49+0.58 vs 0.19+0.44, P=.016). A cut-off
point of 0.2 for the change in the N/L ratio in
addition to positive stress test had 91%
sensitivity and 92% specificity in predicting
significant coronary artery stenosis
(AUC:0.913, 95% CI: 0.805-1.000, P<.001)".
An observational study in a cohort of patients
with CAD demonstrated that atherosclerosis
progression correlated with increased N/L ratio
[relative risk (RR) 2.267, 95% CI 1.068-4.815,
p =0.03]. N/L ratio was also found to be higher
in those who had progressive atherosclerosis
(5.0 = 5.1) compared to the nonprogressive
group (3.2 £3.0; p =0.001)"*. In a study of 186
patients who presented with stable angina
pectoris, an N/L ratio of above 2.7 was noted to
correlate with a high SYNTAX score™.

In 2015, Okyaky et al evaluated the
relationship between N/L ratio and impaired
myocardial perfusion in cardiac syndrome X
(CSX). Sixty consecutive patients (54.1 £ 7.8
years of age, 49 females) diagnosed with CSX
according to the presence of typical exercise-
induced angina pectoris, transient ischemic
ST-segment depression (>1 mm) during the
treadmill exercise test, and angiographically
normal coronary arteries constituted the study
group. The total exercise time was 8 to 12
minutes. Thirty-eight patients with CSX
(63.3%) had deteriorated myocardial
perfusion according to the myocardial blush
grade (MBG) scores. When the patients with
CSX were divided into two groups according to
their myocardial perfusion, patients with
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impaired perfusion had a higher N/L ratio than
that of patients with normal perfusion (2.13 +
0.82vs 1.71 = 0.59, respectively; p =0.028)“".

Heart failure (HF)

Despite the many advances made in HF
diagnosis and treatment, the condition still
portends a high morbidity and mortality. The
role of inflammation in congestive HF has been
previously described. The mechanism
postulated is that pro-inflammatory cytokines
cause left ventricular systolic dysfunction"”. A
study carried out by Uthamalingam et al
showed that a higher N/L ratio is associated
with higher mortality in HF patients"®.

Cakici et al assesed the relationship between
N/L ratio and EC of patients with compensated
HF. 94 patients undergone symptom-limited
treadmill testing. Poor EC was defined as <5
metabolic equivalant (MET) in the exercise
test. A cut-off point of 2.74 was established for
predicting poor EC. Moreover, patients with N/L
ratio >3 had more frequent atrial fibrilation
(AF), higher NT-proBNP values, increased left
atrial (LA) dimensions and systolic pulmonary
artery pressure (sPAP), lower LVEF and more
severe left ventricular (LV) diastolic
dysfunction®.

In another study dealing with individuals with
idiopathic dilated cardiomyopathy (IDC)
diagnosis, the elevated NLR was associated
with poor functional capacity. Functional
capacity, expressed as MET based on treadmill

test, is one of the major prognostic factors in
individuals with heart failure. The NLR value
with a threshold level of 2.26 predicts a poor
functional capacity with the sensitivity of 83%
and specificity of 69%"“”. In the same cohort,
NLR was also correlated to both systolic and
diastolic LV dysfunction, independently of the
EC*. In patients with IDC, higher NLR values
were associated to higher NYHA class and
higher BNP levels. NLR was correlated to the
severity of chronic HF, a cut-off value of NLR
=2.25 associating 82% sensitivity and 65%
specificity to predict severity of the cardiac
condition. Parameters of cardiac remodeling,
such as LV and LA volumes and dimensions, LV
systolic and diastolic function, sPAP and right
ventricular systolic motion were significantly
impaired in patients with a NLR =2.25%".

Other conditions

Valvular heart diseases could be
asymptomatic and stress test is usually used
to expose the symptoms and stratificate the
risk. Unfortunately, no study evaluated the
relationship between asymptomatic valvular
disease and exercise capacity until the
moment of this paper publication. However a
correlation has been shown between elevated
N/L ratio and mitral annular calcification (p
<0.001, r =0.58); N/L ratio is higher in patients
with mitral annular calcification (3.3 = 1.8 vs.
1.6 = 0.4, p <0.001) than control individuals®.
N/L ratio has also been found to be significantly
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higher in patients with severe aortic stenosis
with reduced ejection fraction (EF) (3.94 =
0.88, p <0.001) as compared to the group of
patients with severe aortic stenosis with
preserved EF and cohort of patients with mild-
to-moderate aortic stenosis®.

N/L ratio has been shown that can predict
appearance of arrhythmias, especially AF. A
retrospective large cohort were annually
screened in a tertiary medical center. Subjects
were divided into 2 groups based on their
baseline N/L ratio: low (<2.83; n =17,524) and
high (=2.83; n =3,594); and showed that the
cumulative probability of incident AF was
significantly higher among subjects with high
N/L ratio compared with low N/L ratio group (p
=0.006)*". Although doesn't studied EC at
patient with cardiovascular affections we
consider important to mention Sultan's paper
in our research because it's one of a small list
of trials that evaluated EC by CPET. Patients
undergoing major gastrointestinal surgery
completed symptom-limited maximal CPET as
part of their routine preoperative assessment.
Anaerobic threshold (AT) was used as the
marker of aerobic fitness. Impaired
cardiovascular performance (AT <11 mL/kgper
min, with a median peak VO, of 14.8 mL/kgper
min) was associated independently with
higher N/L ratio ( =0.04) thus poor exercise
capacity in patients without a diagnosis of
heart failure is independently associated with

markers of inflammation®.

Paper limitations

Most of included studies was single-centered
and included relatively small number of
patients. N/L ratio was the only inflammatory
marker evaluated in relation to exercise
capacity because of the cost and not
immediately available in daily practice of other
biomarkers. Simultaneous measurement of
other inflammatory markers such as IL-6,
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tumor necrosis factor-a and high sensitive C-
reactive protein may increase the diagnostic
utility of N/L ratio for the prediction of poor
exercise capacity. Furthermore, in the
assessment of functional capacity CPET was
not performed due to the inadequate
equipment or was avoided for its complexity.
Also, only one study reported a cutoff value of
N/L ratio that could predict poor exercise
capacity.

Finding a clinically relevant and consistent
cutoff for high and low N/L ratio in relationship
with exercise capacity and ways to influence
N/L ratio in a clinically relevant and beneficial
manner (such as cardiovascular rehabilitation
programs of anti-inflammatory therapies) are
the most significant questions we hope will be
answered in the next trials.

Conclusions

A substantive evidence base supports cardiac
rehabilitation as a clinically effective and cost-
effective intervention for patients with CAD or
HF therefore is of utmost importance to
identify parameters that can identify poor
functional capacity. As an easily accessible
parameter, NLR could be used to predict the
exercise capacity and functional capacity, to
estimate MET value and distance that patients
could cover in 6MWT, especially in patients
with HF
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