Rev Port Cardiol. 2016;35(11):573-578

Revista Portyguesa de |
Cardiologia ¥

Revista Portuguesa de

Cardiologia

Portuguese Journal of Cardiology
Portuguese Society of

CARDIOLOGY www.revportcardiol.org

ORIGINAL ARTICLE

Calcific aortic stenosis and its correlation with a novel (B c.ocom
inflammatory marker, the lymphocyte/monocyte ratio

Tolga Han Efe®*, Kadriye Gayretli Yayla?, Cagri Yayla”, Ahmet Goktug Ertem®,
Tolga Cimen?, Hilal Erken Pamukcu?, Murat Bilgin®, Mehmet Erat®, Mehmet Dogan?,
Ekrem Yeter®

a Department of Cardiology, Diskapi Yildirim Beyazit Training and Research Hospital, Ankara, Turkey
b Department of Cardiology, Turkiye Yuksek Ihtisas Training and Research Hospital, Ankara, Turkey

Received 1 April 2016; accepted 20 June 2016

KEYWORDS Abstract

Calcific aortic Introduction: Calcific aortic valve disease, a chronic progressive disorder, is the leading cause of
stenosis; valve replacement among elderly patients. The lymphocyte/monocyte ratio has been recently
Lymphocyte/monocyte put forward as an inflammatory marker of relevance in several cancers as well as in cardio-
ratio; vascular disease. This study aims to assess the correlation between severity of calcific aortic
Echocardiography stenosis and the lymphocyte/monocyte ratio.

Methods: The study retrospectively included 178 patients with a diagnosis of calcific aortic
stenosis and 139 age- and gender-matched controls. The patients were divided into two groups
according to the severity of aortic stenosis: mild-to-moderate and severe.

Results: An inverse correlation was discerned between the severity of the aortic stenosis
process (mean gradient) and the lymphocyte/monocyte ratio (r=-0.232, p=0.002). The lym-
phocyte/monocyte ratio was observed to decrease as the severity of aortic stenosis increased
(p<0.001) in the group with severe aortic stenosis compared with the mild-to-moderate aortic
stenosis and control groups (p<0.001, p=0.005 respectively), and in the group with mild-to-
moderate aortic stenosis compared with the control group (p=0.003). Multivariate regression
analysis revealed that the lymphocyte/monocyte ratio was independently related to the severity
of calcific aortic stenosis (p=0.003).

Conclusion: The present study demonstrated the existence of a statistically significant inverse
relationship between severity of calcific aortic stenosis and the lymphocyte/monocyte ratio.
The study also revealed that the lymphocyte/monocyte ratio was significantly related to the
severity of the aortic valve stenosis process.

© 2016 Sociedade Portuguesa de Cardiologia. Published by Elsevier Espana, S.L.U. All rights
reserved.
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PALAVRAS-CHAVE
Estenose aortica

Estenose aértica calcificada e a sua correlagdo com um novo marcador inflamatoério:
a relagao linfécito/monécito

Introducdo: A doenca valvular adrtica calcificada, perturbacao progressiva cronica, € a principal
causa de substituicdo de valvulas nos doentes idosos. A relacao linfocito/mondcito tem sido
recentemente apresentada como um marcador inflamatério de relevancia no caso de diversas
neoplasias, bem como de doencas cardiovasculares. Este estudo visa avaliar a correlacdo entre
a gravidade da estenose aortica calcificada e a relacdo linfocito/mondcito.

Métodos: O estudo retrospetivo incluiu 178 doentes com um diagnostico de estenose adrtica
calcificada e 139 controlos emparelhados para a idade e o género. Os doentes foram divididos
em dois grupos de acordo com a gravidade da estenose aértica: (a) suave-moderada e (b) grave.
Resultados: Uma correlacao inversa foi identificada entre a gravidade do processo da estenose
aortica (gradiente médio) e a razdo linfocito/mondcito (r = -0,232, p = 0,002). Observou-se que
a razao linfécito/mondcito diminuia a medida que a severidade da estenose aoértica aumentava
(p <0,001) no grupo com estenose aortica grave, quando comparado com o grupo com a estenose
aortica ligeira-moderada e com os grupos controlo (p <0,001; p = 0,005 respetivamente), bem
como no grupo com estenose aortica ligeira-moderada, quando comparados com o grupo con-
trolo (p = 0,003). A analise da regressao multivariada revelou que a relagéo linfocito/monocito
esta relacionada independentemente da gravidade da estenose adrtica calcificada (p = 0,003).
Conclusdo: O presente estudo demonstrou a existéncia de uma relacao estatistica significativa-
mente inversa entre a gravidade da estenose aértica calcificada e a relagao linfocito/monocito.
O estudo também revelou que a relacdo linfécito/mondcito estava significativamente rela-
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cionada com a gravidade do processo da estenose valvular aortica.
direitos reservados.
Introduction Methods

Calcific aortic stenosis (CAS), an ever-increasing public
health problem among elderly patients, is the leading
cause of valve replacement within this age group.’? The
pathological process of the disease involves aortic valve
thickening (sclerosis) along with fibrosis and calcification.
Inflammation plays an important role in the development
and progression of both aortic sclerosis and calcification.?*
This is reinforced by the observation that interventions that
decrease exposure to inflammation have the potential to
alleviate progressive stenosis in the aortic valve.* There-
fore, the identification of inflammatory markers implicated
in CAS can potentially be helpful in assessing the progres-
sion as well as the severity of the disease. A previous study
reported the relationship between severity of CAS and the
neutrophil/lymphocyte ratio (NLR), which is an inflamma-
tory marker calculated from blood count parameters.®

Several studies have shown that the lympho-
cyte/monocyte ratio (LMR) is a convenient and useful
marker for systemic inflammation in different malignancies
and that it is closely associated with disease prognosis.®~8
A recent study reported that LMR is related to in-stent
restenosis and another study proposed that LMR could serve
as an indicator for mortality in heart failure.®'° This study is
aimed at investigating the relationship between the severity
of aortic stenosis and LMR in the specific case of CAS, which
is a disease closely associated with inflammation.

This study retrospectively included 178 patients diagnosed
with CAS between April 2012 and January 2016 along with
139 age- and gender-matched controls. The control group
were chosen from cardiology outpatients without prior car-
diovascular disease history who were admitted for a general
check-up or with atypical and/or non-cardiac complaints.
Among these, individuals who underwent treadmill exercise
tests and/or myocardial perfusion scintigraphy with nega-
tive test results were recruited as controls. Patients with
CAS were investigated for mean aortic gradient as assessed
by transthoracic echocardiography and the results were used
to divide the patient pool into two groups according to dis-
ease severity: mild-to-moderate (111 patients) and severe
(67 patients).

The exclusion criteria for both patient and control groups
were: presence of congenital or rheumatic aortic valve dis-
ease; pre-existing diagnosis or suspicion of coronary artery
disease (positive stress tests for coronary artery disease
and/or any chest pain considered to be angina); left ven-
tricular dysfunction; atrial fibrillation; hemodynamically
significant arrhythmia; severe stenosis or regurgitation in
other heart valves; active or chronic infection; systemic
inflammatory or allergic disease; and presence of renal,
hepatic or hematologic disease. Patients whose clinical, lab-
oratory or echocardiographic data were not available on
medical databases used in the study were also excluded.
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Patients’ clinical and demographic data and laboratory
results relevant to the study were obtained from the hos-
pital information management system as well as patient
files. Routine biochemical blood tests, lipid panel and com-
plete blood counts were evaluated for the purpose of this
study. The control group of the study consisted of 139 age-
and gender-matched individuals who were confirmed not
to have significant valve disease and/or cardiac dysfunc-
tion following echocardiographic evaluation. The patients
were evaluated in terms of age, gender, smoking status,
and presence of hyperlipidemia or diabetes mellitus. The
medications used by the patients were assessed. The LMR
was calculated by dividing the number of lymphocytes by
the number of monocytes in the peripheral blood count
and the NLR by dividing the number of neutrophils by the
number of lymphocytes. The study was conducted following
approval by the hospital ethics committee.

Echocardiographic evaluation was performed using a
Philips iE33 ultrasound system (Andover, MA, USA) and a
2.5-5 MHz transducer. Parasternal long- and short-axis and
apical views were used for imaging and taking measurements
required for the study. Aortic jet velocity was estimated
using Doppler echocardiography. Mild aortic stenosis was

defined as mean transaortic pressure gradient less than
25 mmHg or aortic jet velocity between 2.0 and 3.0 m/s,
moderate aortic stenosis as a gradient between 25 and
40 mmHg or aortic jet velocity between 3.0 and 4.0 m/s, and
severe aortic stenosis as a gradient greater than 40 mmHg
or aortic jet velocity greater than 4.0 m/s. All echocar-
diographic evaluations were performed by an experienced
cardiologist.

Statistical analysis

Statistical analyses were performed using SPSS version 17.0
(SPSS Inc., Chicago, IL, USA). Continuous variables were
expressed as medians and standard deviation, and categori-
cal variables as percentages. The normal distribution of the
data was tested with the Kolmogorov-Smirnov test. For com-
parison of categorical variables, Pearson’s chi-square and
Fisher’s exact tests were used as appropriate. When two
groups were present, the Student’s t test was used to com-
pare data with normal distribution, while the Mann-Whitney
U test was used to compare data with non-normal distribu-
tion. When three groups were present, a one-way ANOVA

Table 1 Clinical characteristics of patients with calcific aortic stenosis and control subjects.
Severe CAS (n=67)  Mild-to- Controls (n=139) p’ p p! p’
moderate CAS
(n=111)

Age, years 63.1+18.0 62.1+15.1 62.4+11.3 0.99 0.93 0.89 0.641
Female, n (%) (37) 55% (73) 65% (87) 62% 0.168 0.314  0.605 0.369
Hypertension, n (%) (26) 39% (49) 41% (58) 42% 0.487 0.691 0.097 0.781
Smoking, n (%) (11) 16% (17) 15% (32) 23% 0.846 0.257 0.122 0.254
Diabetes mellitus, n (%) (22) 33% (28) 25% (22) 16% 0.503 0.055 0.702 0.068
WBC (103/mm3) 7.9942.25 7.5442.11 7.1542.01 0.35 0.020 0.06 0.025
Neutrophils (10°/mm?3) 5.66+1.88 4,.98+1.83 4.47+1.29 0.021 <0.001 0.037  <0.001
Lymphocytes (103/mm3)  1.44+0.44 1.65+0.49 1.85+0.59 0.027 <0.001  0.06 <0.001
Monocytes (103/mm?3) 0.8540.47 0.6940.39 0.584-0.18 0.007  <0.001 0.048  <0.001
LMR 2.17+1.21 2.89+1.34 3.46+1.53 0.003  <0.001 0.005 <0.001
NLR 4.21+£1.73 3.2841.53 2.73+1.43 <0.001 <0.001 0.014  <0.001
Hemoglobin (mg/dl) 12.884+1.39 13.11£1.32 13.07£1.63 0.565 0.653 0.976 0.571
Fasting glucose 116.07+39.83 119.20+51.26 109.454-29.3 0.871 0.513  0.141 0.154
TC (mg/dl) 176.04+40.57 184.14441.65 173.3+42.2 0.336 0.89 0.067 0.077
Triglycerides (mg/dl) 134.24+77.83 141.264-94.41 120.47+61.50 0.829 0.461 0.092 0.103
HDL (mg/dl) 48.84+13.52 47.55+11.80 48.87+11.13 0.765 0.98 0.659 0.647
LDL (mg/dl) 108.24+33.53 110.934+33.06 102.49+35.54 0.868 0.498  0.131 0.142
Creatinine (mg/dl) 1.00+£0.22 0.9740.25 1.03+£0.18 0.635 0.619  0.073 0.091
ACEls or ARBs (14) 21% (33) 30% (49) 35% 0.611 0.427  0.090 0.109
Beta-blockers (15) 22% (19) 17% (25) 18% 0.983 0.658 0.729 0.662
Diuretics (13) 19% (21) 19% (29) 21% 0.923 0.997 0.967 0.925
CCBs 9) 13% (11) 10% (16) 12% 0.918 0.755 0.913 0.772
Antidiabetics (20) 30% (27) 24% (22) 16% 0.237 0.660 0.058 0.058
Statins (18) 27% (26) 23% (24) 17% 0.467 0.851 0.259 0.240

ACEls: angiotensin-converting enzyme inhibitors; ARBs: angiotensin receptor blockers; CAS: calcific aortic stenosis; CCBs: calcium chan-
nel blockers; HDL: high-density lipoprotein cholesterol; LDL: low-density lipoprotein cholesterol; LMR: lymphocyte/monocyte ratio;
NLR: neutrophil/lymphocyte ratio; TC: total cholesterol; WBC: white blood cell count.

§ p value for comparisons between all groups.

* p value for comparisons between mild-to-moderate CAS and severe CAS.

 p value for comparisons between controls and severe CAS.

® p value for comparisons between controls and mild-to-moderate CAS.
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Table 2 Echocardiographic characteristics of the study participants.
Severe CAS (n=67)  Mild-to- Controls (n=139) p’ p! p’ p’

moderate CAS

(n=111)
Maximum gradient (mmHg)  78.55+19.71 32.99+10.9 <0.001
Mean gradient (mmHg) 48.63+10.29 22.11£7.11 <0.001
Ejection fraction (%) 61.18+6.00 59.80+5.91 61.06+5.85 0.289 0.991 0.215 0.124
Left atrium (mm) 38.93+4.39 35.70+4.44 3.40+4.68 <0.001 <0.001 0.015 <0.001
Septal wall (mm) 12.9+1.09 11.3£1.35 10.3£1.19 <0.001 <0.001 <0.001 <0.001
LVEDD (mm) 51.37+5.14 49.59+4.51 47.50+3.38 0.018 <0.001 <0.001 <0.001
LVESD (mm) 34.61+4.34 32.62+4.00 31.7+3.44 0.003 <0.001 0.144  <0.001

CAS: calcific aortic stenosis; LVEDD: left ventricular end-diastolic diameter; LVESD: left ventricular end-systolic diameter.

§ p value for comparisons between all groups.

" p value for comparisons between mild-to-moderate CAS and severe CAS.

T p value for comparisons between controls and severe CAS.

® p value for comparisons between controls and mild-to-moderate CAS.

test was used to compare variables with normal distribu-
tion and Tukey’s test was performed for post-hoc analysis;
the Kruskal-Wallis test was used for comparison of variables
without a normal distribution. Linear regression analysis was
performed to determine the relationship between severity
of CAS and the variables under study. Variables with a p-
value of less than 0.1 in univariate linear regression analysis
were subsequently used for multivariate linear regression
analysis. A p-value of less than 0.05 was considered as sig-
nificant for multivariate linear regression analysis as well as
other tests.

Results

The study, which comprised 345317 participants in total,
included 67 patients with severe CAS, 111 with mild-to-
moderate CAS, and 139 without CAS as control subjects.
The patient characteristics and laboratory findings perti-
nent to the study are summarized in Table 1. There were
no notable differences between the groups in terms of age,
gender, presence of diabetes mellitus, presence of hyper-
tension, or smoking status (p>0.05 for each). Total white
blood cell count and neutrophil, lymphocyte, and mono-
cyte counts were significantly different between groups
(p=0.025, p<0.001, p<0.001, and p<0.001, respectively). In

the group with severe aortic stenosis, the NLR was signifi-
cantly higher and the LMR was significantly lower compared
to the two other groups (p<0.001 for both). In the group with
mild-to-moderate aortic stenosis, the NLR was significantly
higher and the LMR was significantly lower in comparison
to the control group (p=0.005 and p=0.014, respectively).
Lipid profile parameters, creatinine, and hemoglobin val-
ues were comparable between the three groups (p>0.05
for each). There were no differences in terms of the use
of angiotensin-converting enzyme or angiotensin |l receptor
blockers, beta-blockers, diuretics, calcium channel block-
ers, antidiabetics and statins (p>0.05 for each).
Echocardiographic findings are summarized in Table 2.
As expected, mean aortic pressure gradient was higher
in patients with severe CAS than in those with mild-
to-moderate aortic stenosis. There was no significant
difference observed between the three groups with regard
to ejection fraction (p>0.05); however, left ventricular end-
diastolic diameter, left ventricular end-systolic diameter
(LVESD), and left atrial wall and interventricular septal
thicknesses were different in each of the three groups.
In terms of left atrial diameter and LVESD, post-hoc anal-
ysis revealed no significant differences between patients
with severe aortic stenosis and patients with mild-to-
moderate stenosis (p>0.05 for both). Correlation analysis

Table 3  Multivariate linear regression analysis showing independent predictors of calcific aortic stenosis severity (mean aortic

gradient).
Variables Univariate regression analysis Multivariate regression analysis
Beta (95% ClI) p Beta (95% Cl) p
Hypertension -0.232 (-4326 to -1.007) 0.002
WBC 0.134 (-0.099 to 1.992) 0.076
Neutrophils 0.117 (-0.119 to 0.409) 0.277
Lymphocytes -0.236 (-9.062 to 0.375) 0.022
Monocytes 0.214 (0.637 to 3.316) 0.004
LMR -0.188 (-1.305 to 10.389) 0.012 -0.218 (-2.287 to 11.245) 0.003
NLR 0.201 (1.969 to 12.387) 0.007 0.349 (1.352 to 23.572) 0.028
Creatinine 0.139 (-0.524 to 18.239) 0.064

Cl: confidence interval; LMR: lymphocyte/monocyte ratio; NLR: neutrophil/lymphocyte ratio; WBC: white blood cell count.
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demonstrated a negative correlation between LMR and mean
aortic pressure gradient (r=-0.232, p=0.002). Linear regres-
sion analysis, performed in order to identify independent
variables related to the mean gradient in severe aortic
stenosis, revealed increased NLR and decreased LMR as fac-
tors that were independently related to the severity of
aortic stenosis (p=0.028 and p=0.003, respectively; Table 3).

Discussion

Our findings suggest that LMR is associated with and can be
used as a predictor for the severity of CAS. To the best of
our knowledge, this study is the first of its kind to assess the
relationship between LMR and severity of CAS.

CAS and atherosclerosis are similar in many respects.
As in atherosclerosis, the pathophysiology of CAS includes
chronic inflammation, lipoprotein accumulation, fibrosis,
and calcification.'"'? Valvular endothelial injury resulting
from increased mechanical stress and decreased shear stress
triggers lipid penetration and accumulation, while lipid
accumulation and oxidation induce inflammation."! Inflam-
matory cells including monocytes, macrophages, and
lymphocytes accumulate in the injured tissue, secrete var-
ious pro-inflammatory cytokines and induce a series of
pathological processes resulting in valvular fibrosis and
calcification.”"3 Some studies indicate that lymphocyte
count was associated with a poor cardiovascular outcome
and that a decreased lymphocyte level was an indepen-
dent risk factor for coronary artery disease.''> Moreover,
others have revealed that patients with CAS have lower
numbers of lymphocytes compared to those without.'® Sim-
ilarly, in the development of atherosclerosis, monocytes
that reach the target tissue transform into macrophages
and remove noxious molecules such as low-density lipopro-
tein (LDL)."” Monocytes were shown to be independent and
important indicators of plaque formation and progression
in atherosclerosis'®; they have also been shown to play
an important role in the development of atherosclerotic
plaques by secreting pro-inflammatory cytokines such as
platelet-derived growth factor, interleukin 1, and inter-
leukin 6.7 Additionally, elevated monocyte levels were
shown to be associated with increased risk for coronary
artery disease."’

As mentioned above, inflammation plays a pivotal role in
the development of both coronary artery disease and CAS.
Previous studies have shown that markers of systemic inflam-
mation are also associated with atherosclerosis and coronary
artery calcification.?%?' Similarly, several reports in the
literature suggest that systemic inflammation is closely asso-
ciated with CAS and that certain inflammatory markers have
the potential to serve as predictors for the severity, pro-
gression, and prognosis of CAS.?? It has been shown that the
NLR, which was recently demonstrated to be a marker of
systemic inflammation, could also be correlated with the
severity of the aortic stenosis process in patients diagnosed
with CAS.2324

Recently, a large body of evidence has suggested that the
LMR, as well as being a marker of inflammation, can function
as a useful prognostic marker in cancer patients.?>?> Other
recent studies have also demonstrated that the LMR, as
an indicator of increased inflammatory status, is associated

with several cardiovascular diseases. Murat et al. observed
that the LMR was inversely related to the development of
in-stent restenosis.” A study on patients with peripheral
arterial disease reported that decreased LMR was closely
associated with critical limb ischemia and other vascular
endpoints.?® Another study, on patients hospitalized for car-
diac failure and then discharged, showed that decreased
LMR was related to increased risk for six-month mortality.'®
Although it is difficult to say whether reduced LMR is a cause
or a consequence of CAS, data from the present study clearly
reveal that the LMR is significantly decreased with greater
severity of aortic stenosis and is an independent indicator
for the severity of the aortic stenosis process. Considering
the relationship between inflammation and aortic steno-
sis, the results of our study are similar to those in previous
reports.

Aortic calcification has been shown to share the same
risk factors as atherosclerosis, which suggests a potential
benefit from statin therapy. But it has been demonstrated
that the LDL cholesterol-lowering effect of statins does not
significantly reduce AS progression.?’” There were no signif-
icant differences in terms of LDL values between groups in
our study.

Although inflammation plays a pivotal role in the gen-
eration and progression of CAS, many other factors such
as lipid accumulation, lipoprotein oxidation, matrix met-
alloproteinase activity, and local production of proteins
like osteopontin (involved in tissue calcification) may also
contribute to this process.’?-%0 In addition, genetic predis-
position has recently been put forward as a risk factor for
CAS.3" Considering the multifactorial and complex patho-
physiology of CAS, inflammation and inflammatory markers
may play a relatively limited role in this process. This may
explain why the correlation that we found between the level
of CAS severity and the LMR is relatively weak.

Limitations

The study suffered from certain limitations that need to be
highlighted, including the fact that it was an observational,
retrospective and single-center study. In addition, the
absence of comparison between the LMR and other inflam-
matory markers such as C-reactive protein, and inadequate
follow-up of clinical events, should also be mentioned.

Conclusions

In conclusion, in accordance with the aforementioned stud-
ies, inflammatory status, as indicated by the LMR, may be
associated with CAS. A simple parameter that is easy to com-
pute, LMR, by virtue of its relation with inflammation, has
tremendous potential as a marker for predicting the severity
of CAS.
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