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Original Article

Is there a Correlation between Systolic Heart Failure and Levels
of Toll-Like Receptor-5 and N-Terminal Pro-B-Type Natriuretic
Peptide?

Cetin Mirzaoglu, Tarik Kivrak', Mehmet Balin', Mehmet Ali Kobat', Orhan Dogdu?, ligin Karaca'

Department of Cardiology, Elazig State Hospital, ‘Department of Cardiology, Firat University Hospital, 2Department of Cardiology, Elazig Medical Park Hospital, Elazig,
Turkey

Objective: Specific biomarkers are essential in the diagnosis of heart failure. Our trial aim is determined that relationship between toll-like
receptor-5 (TLR-5) and N-terminal pro-B-type natriuretic peptide (NT-ProBNP) in patients with reduced ejection fraction. Methods: Two
groups were formed in our study (normal and patient group). Among the two groups were investigated that relationship between TLR-5 and
NT-ProBNP. Results: The plasma levels of both NT-ProBNP and TLR-5 are significantly higher in patients with congestive heart failure than
healthy individuals. However, there is no definite correlation between plasma levels of NT-ProBNP and TLR-5 in patients with congestive
heart failure. The high-level plasma TLR-5 is of prognostic value independent from the plasma NT-ProBNP levels, in these patients.
Conclusion: As a conclusion, according to recent studies, the high plasma levels of NT-ProBNP and TLR-5 are mainly associated with high
mortality and longer hospitalization rate in individuals with heart failure. Therefore, the higher is plasma levels of markers such as TLR-5
and NT-ProBNP, the worse is the overall prognosis in these patients. NT- ProBNP and TLR-5 are thought to be the cheapest and the most
appropriate marker to be determined.

Keywords: N-terminal pro-B-type natriuretic peptide, systolic heart failure, toll-like receptor

natriuretic peptide is a diuretic peptide synthesized in the
ventricular myocardium but released into the plasma only
in response to the left heart failure conditions such as the
increase in the intraventricular volume, wall tension, and end
diastolic pressure. Its specificity and sensitivity for diagnosing
heart failure were published about 95% in the 2001 Practical
Guideline of American College of Cardiology and American
Heart Association. It is a valuable non-invasive method even
for the heart failure cases who are still in the asymptomatic
phase. It is also known that heart failure has inflammatory
processes. Toll-like receptor-5 (TLR-5) as an inflammatory
marker can give us illuminating information about this

INTRODUCTION

Heart failure is a syndrome that occurs as a result of a decline
in the ability of the heart to send enough blood to the tissues
to meet the changing oxygen and metabolic needs of the body.
Today, the clinic and echocardiographic findings of the patients
have an essential role in the diagnosis of heart failure. However,
new generation biochemical markers of cardiac ventricle
origin may give important clues for the determination of heart
failure, and further studies on finding newer cardiac markers
are continuing worldwide. Many biochemical parameters
are used in the diagnosis of heart failure.!"! The heart muscle

is also an endocrine system besides its blood-pumping task.
In this context, atrial natriuretic peptide is secreted from the
atrium and brain natriuretic peptide (BNP) is emitted from
the ventricle in response to the tension of myocyte cells in the
atrium and ventricle walls of the heart. N-terminal pro-B-type
natriuretic peptide (NT-ProBNP) is today meaningful for
the preliminary diagnosis of heart failure. NT-ProBNP type
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disease. The most commonly used method of diagnosis is
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echocardiography (ECG). However, the need for experienced
physicians, the cost and duration of ECG may be found less
advantageous compared to biochemical parameters. Plasma
NT-ProBNP and TLR-5 measurements seem more beneficial
than ECG because they are inexpensive, easy to measure,
measurable in a short time and easy to evaluate. In this study;
we measured plasma NT-ProBNP and TLR-5 levels in patients
who are diagnosed with clinical and echocardiographic heart
failure. We investigated if the role of echocardiographic
findings and these two biochemical markers are concordant in
the diagnosis of heart failure. Hence in this study, comparison
of two different methods in the diagnosis of heart failure is
the issue. We tried to determine the superiority of these two
approaches to diagnose heart failure; TLR-5 and NT-ProBNP
method which is cheaper and more accessible, and ECG
method which is expensive, time-consuming and requires the
experienced physician.

MEeTHODS

Patients admitted to the Cardiology outpatient clinic of the
Firat University Research Hospital between May 2015, and
May 2016 prospectively included in the study. We added in
17 female and 33 male to our research, totally 50 patients
that we diagnosed heart failure and 25 males and 25 females,
totally 50 healthy people as the control group was enrolled
in the study. Ethics committee approval received from the
Local Committee. Some of the patients who were admitted
to our cardiology outpatient clinic with dyspnea in the effort,
shortness of breath at night, tiredness, fatigue, anorexia,
coughing, nausea, a manifestation of jugular veins, swelling
in feet and legs, were diagnosed heart failure after a physical
examination and clinical evaluations. ECG, chest radiography
and ECG were performed to these patients. Blood samples
were collected from heart failure patients with ejection
fraction (EF) <30% in ECG; plasma NT-ProBNP, TLR-5,
C-reactive protein (CRP), routine biochemical tests, and
hemogram, sedimentation rate were studied. In the control
group and all patients, detailed anamnesis was obtained, and
physical examinations were performed. Patients with the
chronic inflammatory disease, active infection, advanced liver
disease, severe renal disease (creatinine >2.5), advanced heart
valve disease, pulmonary artery pressure >35 and chronic
obstructive pulmonary disease (COPD) were excluded from
the study. Blood samples were taken after a 10-12 h between
08:00 and 10:00. The samples were kept at room temperature
for 30 min and then centrifuged at 4000 rpm (1600 g). BD
vacutainer tubes were used for blood collection. Serum
NT-ProBNP levels were studied by electrochemiluminescence
assay using a modular Roche Hitachi E-70 analyzer (Roche
Diagnostics, Germany). Routine biochemistry tests were
performed spectrophotometrically on the Aerosat 2.0 (Abbott
laboratory) instrument. In serum samples, TLR-5 was studied
by using ELISA method following the directives of the
manufacturer company (Hangzhou EastbioFarm Co. Ltd.
Human TLRS ELISA kit Catalog Number: CK-E90260).

All echocardiographic measurements were made in a left
lateral decubitus position by a transthoracic approach
using a General Electric Vivid PRO 7-color Doppler ECG
device with a 2.5-3.5 MHz transducer. M-mode recordings
were made at rate 50 mm/s, and Doppler recordings were
made at rate 100 mm/s. M-mode and 2-D measurements
were performed according to the recommendations of the
American Society of ECG from parasternal long axis view.
Statistical analysis of the study was made using the Statistical
Package for Social Sciences 21 (Chicago, IL, USA) statistical
program. Characteristics of the patients were summarized
with basic statistics. Arithmetic means standard deviation
were used for numerical parameters; while numbers and
percentage values were used for categorical variables.
In the comparisons, the Kolmogorov—Smirnov test was
used to determine the distribution of all variable groups.
Parametric statistical methods were used for variables
with normal distribution, and non-parametric statistical
methods were used for variables with skewed distribution.
Student #-test (Independent Sample #-test) was used as a
parametric test, and the Mann—Whitney U-test was used as
anonparametric test. Cross-tabulation statistics were used to
compare categorical variables (Chi-square). In all analyzes,
the statistical significance limit was accepted as P < 0.05.

ResuLts

Age of patients was 68 (£9) years old in our study and
27.9 (£9.3) years old in the control group. There was the
statistically significant difference between the groups regarding
HT, diabetes mellitus (DM), hyperlipidemia, and coronary
artery disease history (P < 0.001). In the patient group,
hypertension (%74), DM (%52), hyperlipidemia (%58),
and coronary artery disease (%78) were found to be more
frequent than the control group [Table 1]. When the mean
hemogram and biochemistry values of patient and control

1400,00

r:0.718

1200,00

1000,00]

TLR-§
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200000 300000 400000 5000,00
NT - ProBNP

Figure 1: Relationship between TLR-5 and NT-ProBNP (r=0.718,
P<0.001)

8-
-2
8

International Journal of the Cardiovascular Academy | Volume 4 | Issue 4 | October-December 2018 -




Mirzaoglu, et al.: Specific biomarkers are essential in the diagnosis of heart failure

groups were compared, a significant difference was found
regarding laboratory values in the patient’s group [Table 2].
There was the statistically significant difference between
the two groups regarding echocardiographic values. In the
patient group, many benefits were found to be higher; EF was
found to be lower [Table 3]. In patients group, we determined
that TLR and NT-ProBNP values are high [Table 4]. There
was a positive correlation between TLR and NT-ProBNP
(r=0.718, P <0.001) [Figure 1].

Table 1: Basic demographic features
Patient Group Control Group P

(n=>50) (n=50)
Age 6849 27,9493 <0,001
Gender (Male) 33 25 0,06
Hypertension %74 %4 <0,001
Diabetes Mellitus %352 %1 <0,001
Hyperlipidemi %58 %4 <0,001
Smoking %12 %26 0,07
Coronary artery disease (%) %78 %2 <0,001
Table 2: Basic laboratory values
Patient Group Control Group P
(n=50) (n=50)
Hemoglobin 12,6+1,8 14,1+1,3 <0,001
White Blood Cell 8,943 7,1£1,6 <0,001
Platellet 244,9+8.88 270,5+58.5 0,07
Sedimentation 29,1+12,5 6,8+3,7 <0,001
CRP 16,4+7,9 3,6+1,2 <0,001
Sodium 137,8+4,5 141,123 <0,001
Potassium 4,27+0,76 4,394+0,35 0,34
Urea 63,6+32,5 27,8+7,3 <0,001
Creatinine 1,45+1,1 0,7+0,15 0,003
Table 3: Basic echocardiographic values
Patient  Control P
Group Group
(n=50) (n=50)
Left Ventricle Diastolic Diameter (mm) 45,374 44,4445 <0,001
Left Ventricle Systolic Diameter (mm) 41,6484 24,7447  <0,001
Intraventricular Diameter (mm) 11,6£1,7  9,1+1,6  <0,001
Posterior Wall Diameter (mm) 10,7+£1,7  8,3+1,2  <0,001
Ejection Fraction (%) 29,4443  63,3+3,4 <0,001
Left Atrium Diameter (mm) 42,847,7 30,243,2  <0,001
Basal Right Ventricle Diameter (mm) 24,5+44,1 21,4422 <0,001

Table 4: Group difference between TLR-5 and NT-ProBNP

Patient Group Control Group P
(n=50) (n=50)
Toll Like Receptor-5 86,5+62,2 45,3+19.9 0,003
NT-ProBNP 1274+996 106+65 0,001

Discussion

Heart failure is an increasing health problem which has high
morbidity and mortality.!! The incidence of heart failure
does not decrease in spite of progressive and successful
developments in the treatment of etiologic factors such as
ischemic heart disease and hypertension.

On the contrary, it is an increasingly common and significant
public health problem.”! The increase in the proportion of
older adults in the community and developments of treatment
of myocardial infarction have a considerable influence on
this situation. As the diagnostic and therapeutic possibilities
of myocardial infarction increase, the number of surviving
patients increases and some of these people become chronic
heart failure patients.’) Despite the relatively younger
population in our country, when it is considered that the average
lifespan is prolonged and rate of cardiovascular diseases is
increased, it seems that heart failure is a severe problem that
needs to be addressed.

Since there are no symptoms specific to heart failure, to
reduce morbidity and mortality, it becomes more important
to diagnose early and start treatment soon for a differential
diagnosis. Shortness of breath complaint can be seen in many
diseases, especially COPD, and causes difficulties about
distinguishing the disease that causes the primary charge in
the patients, especially who have both heart failure and COPD
diseases in the emergency department.””) Here, the delay in
diagnosis and treatment contributes to the morbidity and
mortality of the patient.

Heart failure is a progressive disease, and besides, it is
difficult to predict which patients have a high risk of death
and cardiovascular event. Many parameters that are shown
to be indicative of mortality, such as New York Heart
Association (NYHA) classification, advanced age, and DM.P!
For this reason, there is a need for parameters that can show
prognosis and patients with high mortality risk better. Similarly,
starting an effective treatment to these patients in the early
period and monitoring the effectiveness of the procedure is
as important as determining the prognosis.

NT-ProBNP, which first appeared years ago but has been
recently recognized as cardiologically important, is now
meaningful for the preliminary diagnosis of heart failure.
NT-ProB type natriuretic peptide (NT-ProBNP) is a diuretic
peptide synthesized in the ventricular myocardium and released
into the plasma in response to left heart failure conditions
such as the increase in ventricular volume, wall tension, and
end diastolic pressure. In the European Society of Cardiology
guideline, it is published that the specificity and sensitivities of
NT-proBNP for diagnosing heart failure were about 95%. It is
a valuable non-invasive method even for identification of yet
asymptomatic heart failure cases. In previous studies, Doust
et al.,’®] Maisel®® and Remme and Swedberg!# have shown
that NT-ProBNP can be used to diagnose symptomatic heart
failure. Yoshimura et al.,! Wieczorek et al.,'”) and Maisel

.International Journal of the Cardiovascular Academy | Volume 4 | Issue 4 | October-December 2018
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et al" have shown that NT-ProBNP is correlated with the
NYHA stage in their studies. The findings we obtained in our
study were consistent with the results obtained in previous
studies.

Regarding comparing NT-proBNP level with ECG, the survey
of Kaan et al. is also essential and simultaneous plasma.
NT-proBNP levels were assessed in the cases to whom ECG
performed to determine left the ventricular function.["! Left
ventricular dysfunction was detected in half of the facts in the
group without known heart failure and previous left ventricular
dysfunction, and plasma NT-proBNP levels were significantly
higher in these cases. Abnormal echocardiographic findings
were found in all patients in the group with known heart
failure or previous left ventricular dysfunction, and the
NT-proBNP levels of this group were found to be even
higher. In addition to patients with heart failure with systolic
dysfunction, plasma NT-proBNP levels also increase in
patients with heart failure with diastolic dysfunction. In our
study, consistent with the literature, NT-ProBNP values of
the cases with EF <30% were statistically significantly higher
than those with EF >50% (P < 0.001), and there was a weak
negative correlation between NT-ProBNP values and EF%
(r=-0.360 P <0.001).

TLRs are a group of type 1 transmembrane proteins that
provide the natural immune response against many pathogens.
It was named “toll” because of its similarity to the receptor
“toll gene,” which was first discovered in 1991 in Drosophila
melanogaster and believed to have an important function in
the immune system response. Today, these molecules which
are homologous to the interleukin-1 receptor in humans
are called “TLR.” These receptors are found in mast cells,
dendritic cells, eosinophils, neutrophils, natural killer cells,
natural killer T cells and particularly in macrophages; and
they play a role in recognition of microorganisms and
triggering the inflammation. Until now, 10 TLRs in the
human and the bovine and 13 TLRs in the mouse have been
identified, each of which can bind to one or more specific
microbial molecules. 13 members have been recognized in
the TLR family. Ligands of TLR1-TLR9 and TLRI11 were
determined; but the ligands of TLR10, TLR12, and TLR13
are not yet known. TLRS recognizes bacterial flagellin, an
essential structural component of bacterial flagella. The
binding of TLRS to flagellin results in an inflammatory signal
as tumor necrosis factor-o.. Therefore, that can be used as an
inflammatory marker. It is known that other inflammatory
markers (hs-CRP, N/L ratio) are high in systolic heart failure.
TLR 5, as a new inflammatory biomarker, may also be a
marker of decompensated systolic heart failure.

In our study, the values of both TLR-5 and NT-ProBNP
were statistically significantly higher in patients with
systolic heart failure (EF <30%) than in those without heart
failure (EF >55%) (P < 0.001). Besides, consistent with the
literature, there was no significant correlation of NT-ProBNP
and TLR-5 values between cases with heart failure and those

without heart failure (P > 0.05). These results show that
NT-ProBNP and TLR-5 levels are significantly higher in heart
failure patients but, consistent with the literature, prognostic
value of high TLR-5 is found to be a separate risk for heart
failure independent of NT-ProBNP. Furthermore, there is a
poor positive correlation between age and NT-ProBNP and
TLR-5 values in our study. R = 0.246 P <0.05 and = 0.223
P < 0.05 (NT-ProBNP and TLR-5 values increase with
increasing age). There is a poor positive correlation between
urea and NT-ProBNP and TLR-5 values (» = 0.409 P <0.001
and 7 = 0.208 P < 0.01). There is no significant correlation
between fasting blood sugar, alanine aminotransferase,
aspartate transaminase, gamma-glutamyl transferase, K, CL
values and NT-ProBNP and TLR-5 levels. There was no
statistically significant difference in NT-ProBNP and TLR-5
values between patients with and without arrhythmia or
between the patients with and without wide QRS in ECG
(P <0.05).

CoNncLusIioN

Pro-BNP and TLR-5 levels were found to be significantly
higher in patients with systolic heart failure than in those
without heart failure. The high level of TLR-5, like NT
pro-BNP, may be associated with mortality and number and
duration of hospitalization. The routine use of this biomarker in
systolic heart failure requires a large number of further studies
involving more patients.
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Predictive Values of Inflammatory Cell Ratios for Complexity
of Coronary Artery Disease in Patients with Acute Coronary
Syndrome

Ahmet Karakurt, Cennet Yildiz'
Department of Cardiology, Faculty of Medicine, Kafkas University, Kars, 'Department of Cardiology, Bagcilar Tekden Hospital, istanbul, Turkey

Background: The aim of this study was to investigate the relationship between neutrophil to lymphocyte ratio (NLR) platelet to lymphocyte
ratio (PLR), mean platelet volume to lymphocyte ratio (MPVLR), MPV to platelet ratio (MPVPR) and the complexity of coronary artery
disease (CCAD) in patients with acute coronary syndrome (ACS) using the SYNTAX score (SS) algorithm. Materials and Methods: A total
of 599 patients with ACS undergoing coronary arteriography were enrolled and divided into three groups according to their SS: low SS
group <22 (low-SSG,); intermediate SSG >23 and <32 (in-SSG,); and high- SSG >33 (high-SSG). Routine complete blood count parameters
were analyzed at hospital admission. Results: There were significant differences between three groups in terms of PLR and MPVLR values
(P =0.007 and P = 0.029). Correlation analysis showed that PLR and MPVLR were positively correlated with CCAD (r = 0.095, P=0.018
and » = 0.112, P = 0.005, respectively). In multivariate logistic regression analysis, MPVLR was not an independent predictor of CCAD,
whereas PLR was found to be a weak independent predictor of CCAD (odds ratio = 1.003 [1.001-1.006], P = 0.021). Receiver operating
characteristics analysis showed that PRL had low sensitivity (56.2%) and specificity (51.6%) for prediction of CCAD. Conclusion: Our study
showed that NLR, MPVPR, and MPVLR were not independent predictors of CCAD in patients with ACS. PLR had such a weak relationship
with CCAD that it could not be used for prediction of CCAD in these patients.

Keywords: Acute coronary syndrome, complexity of coronary artery diseases, inflammatory cell ratios

Increased neutrophil to lymphocyte ratio (NLR), platelet
to lymphocyte (PLR), mean platelet volume (MPV), MPV
to lymphocyte ratio (MPVLR), and MPV to lymphocyte
ratio (MPVPR) have been shown to play a role in the
pathophysiology of atherosclerotic disecase. It has been
reported that increased values of NLR, PLR, MPV, and
MPVLR are associated with cardiovascular diseases.!!!"!*]
In addition, these parameters have been shown to be related

INTRODUCTION

Atherosclerosis is a low-grade inflammatory disease that
results in atherosclerotic plaque formation and progressive
stenosis of the coronary arteries.l'*! Inflammation plays an
important role in all stages of atherosclerosis, from initiation
and growth to complication of plaque including unstable
angina pectoris (USAP), non-ST-elevation myocardial

infarction (non-STEMI) and STEMI.[*!

The SYNTAX scoring (SS) system, based on qualitative and
quantitative characterization of coronary artery disease (CAD)
by including 11 angiographic variables that take into
consideration lesion location and characteristics, is a valuable
method for estimating the severity of CAD.! The severity of
coronary artery lesions assessed by the SYNTAX score (SS) is
associated with long-term mortality and major adverse cardiac
event rates.[’ 1"
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to the development of acute coronary syndrome (ACS) and
found to be a predictor of morbidity and mortality in patients
with ACS.['*21 However, few reports have investigated
so far the relationship between these parameters and the
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complexity (CCAD) in patients with ACS, with contrasting
results.

Therefore, the aim of the current study was to evaluate the
relationship between NLR, PLR, MPVLR, MPVPR, and
CCAD in patients with ACS, using SS I algorithm.

MaTteriALs AND METHODS
Study population

This study is a retrospective study based on medical record
review. Between February 2014 and June 2017, 599 acute
coronary disease patients who met all the inclusion criteria
were admitted to our university hospital. None of the
exclusion criteria were included in the study. Our study was
in compliance with the Declaration of Helsinki, and it was
approved by our university Local Research Ethics Committee.

ACS was diagnosed according to the criteria recommended by
the 2015 ECS guidelines.?? The study population composed
of patients with USAP, non-STEMI, and STEMI. Diagnosis
of USAP was based on the chest pain suggesting USAP
with or without ischemic electrocardiographic findings. The
diagnosis of non-STEMI was made when characteristic angina
pectoris lasted longer than 20 min with/without associated
ST-segment depression of >0.1 mV and/or T-wave inversion
in two contiguous leads in the electrocardiogram and presence
of increased troponin T level over the diagnostic cutoff value.
STEMI was diagnosed in the presence of angina pectoris
lasting more than 20 min that associated with ST-segment
elevation of >1 mm in at least two contiguous limb leads
or >2 mm in at least two contiguous chest leads.

Exclusion criteria consisted of patients with a history of
trauma, surgery, malignancy, infectious diseases within 30 days
before admission, hematologic disorders, rheumatologic
diseases (systemic lupus erythematosus, rheumatoid arthritis,
and Kawasaki disease), severe chronic or acute renal disease,
hepatic failure, use of immunosuppressive agents within
3 weeks before study entry. Individuals with prior percutaneous
or surgical revascularization were excluded from the study
as SS had been validated only for patients with native CAD.

Study protocol

Demographic characteristics and venous blood samples
parameters were recorded form the patient’s file. All subjects
were evaluated with complete blood count (CBC), routine
biochemical examination and ECG. The CBC parameters
such as white blood count (WBC), hemoglobin (Hb), platelet
count (PC), MPV, neutrophil, and lymphocyte were analyzed.
The NLR, PLR, MPVLR, and MPVPR were calculated by
dividing the absolute neutrophil count (NC) to the absolute
lymphocyte count (LC), the absolute PC to absolute LC,
MPYV to the absolute LC, and MPV to the absolute PC,
respectively. Fasting biochemical parameters such as the
total cholesterol (TC), high-density lipoprotein, low-density
lipoprotein (LDL), triglyceride (TG), and glucose levels were
tested 1 day after hospital admission.

Coronary angiography and SYNTAX score |

Coronary angiography was performed by standard Judkins
techniques through femoral approach. An invasive cardiologist
evaluated the angiographic CD records using the SS system.
Patients’ CCAD score was calculated using an online
calculator (http://www.syntaxscore.com/calculator/start.htm).
Patients were divided into three groups according to their SS:
low SS group (SSG) (<22), intermediate SSG,**?! and high
SSG (=33).2%

Statistical analysis

Data were tested for normal distribution and variance
homogeneity using Levene’s test. Categorical variables were
expressed as absolute frequencies and percentages while
continuous parametric variables were expressed as the mean
and standard deviation, and continuous nonparametric variables
were expressed as the median value and 25%—75" percentile.
One-way ANOVA test was used to compare the continuous
variables with parametric distribution. Kruskal-Wallis
H-test was utilized to compare continuous variables with
nonparametric distribution. Categorical variables were assessed
by Chi-square test. Pearson correlation test was applied in the
correlation analysis. Receiver operating characteristics (ROC)
curve analysis was used for PLR and MPVLR. All statistical
analyzes were performed by SPSS 23 (SPSS, Inc., Chicago,
Illinois, USA). P<0.05 was considered statistically significant.

ResuLts

We conducted this single-center, medical record study
through data retrieved between February 2014 and March
2018 at the cardiology department of the university hospital.
A total of 599 (401 [66.9%] males and 198 [33.1%] females)
patients with ACS were included in the study (P < 0.001).
Patients were stratified into three groups according to their
SS: low-SSG (n = 436, 72.8%, mean age: 61.26 + 11.21),
intermediate-SSG (n = 127, 21.2%, mean age: 66.65 + 8.8),
and high-SSG (n = 36.6%, mean age: 73.47 + 8.6).

Demographic and clinical characteristics of these three groups
are presented in Table 1. The mean patient age was significantly
higher in the high-SSG group than that in the low- and in-SSGs
(P <0.001). There was a significant difference in the number
of male patients between the three groups (P = 0.01). The
prevalence of diabetes mellitus and hypertension differed
significantly between these three groups (P < 0.001 and
P <0.001, respectively). The mean of MCV, RDW, TC were
significantly lower in the high-SSG group than that in the
low- and in-SSG groups (P = 0.015, P = 0.028, P = 0.01).
Urea and uric acid were significantly higher in the high-SSG
group than that in the low- and in-SSG groups. The median of
left ventricle ejection fraction and B-type natriuretic peptide
were significantly lower in the high-SSG group than those
in the low- and in-SSG groups (P < 0.001 and P = 0.004,
respectively). However, the groups did not differ significantly
with respect to body mass index; mean of SBP, diastolic blood
pressure, pulse pressure, LDL, and TG.
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Table 1: Demographic and clinical characteristics of the low-, intermediate-, high-syntax score groups

Low-SSG (n=436) In-SSG (n=127) High-SSG (n=36) P
Age (years) 61.26+11.21 66.65+8.8 73.47+8.6 <0.001
Gender male, n (%) 308 (66.5) 67 (52.8) 26 (72.2) 0.010
BMI (m%kg) 28.43+4.75 28.6745.5 27.7943.91 0.732
DM, 1 (%) 144 (31.2) 85 (67.5) 21 (58.3) <0.001
HT, 1 (%) 222 (48.1) 112 (88.9) 30 (83.3) <0.001
SBP (mmHg) 121.8+24.69 125.45420.86 122.54%19.48 0.424
DBP (mmHg) 76.02+13.2 78.24412.77 76.54+13.18 0.359
PP (mmHg) 44.66+13.88 47.22413.13 44.65+14.81 0.283
HGB (mg/dL) 14.08+5.73 13.071.65 12.942.04 0.164
HTC (fL) 40.7145.32 39.13+4.57 38.9445.33 0.015
MCV (fL) 86.92+7.14 86.94+6.06 87.23+7.85 0.978
RDW (%) 14.04+1.63 14.25+1.52 13.25+1.84 0.028
PGL (mg/dL) 137.81471.1 168.37+77.55 142.03+81.44 <0.001
TC (mg/dL) 191.14+45.41 177.74+39.14 173.67+30.28 0.010
LDL (mg/dL) 124.28+89.43 109.63+34.64 108.87+28.15 0.132
HDL (mg/dL) 39.22410.76 38.52412.73 37.79+12.61 0.687
TG (mg/dL) 156.35+95.03 162.56+88.78 139.37£69.48 0.438
Na (mmol/L) 136.34+3 85 136.48+4.38 136.55+4.82 0.935
K (mmol/L) 4.28+0.54 4.45+0.51 4.3240.53 0.024
GGT (U/L) 33.41425.53 32.10+38.87 31.81420.45 0.906
CB (mg/dL) 0.19+0.10 0.18+0.14 0.26+0.17 0.009
TB (mg/dL) 0.56+0.30 0.48+0.29 0.59+0.36 0.067
Urea (mg/dL) 30 (24-38) 35 (27-46) 39.45 (29.25-54) <0.001
Uric acid (mg/dL) 5.4 (4.6-6.23) 5.2 (4.5-6.45) 5.75 (5.2-8.5) 0.094*
CK-MB (ng/mL) 57.45 (17.8-313.4) 132.2 (27.4-777.3) 264 (130.9-1241.8) <0.001
T-I (ng/mL) 3.62 (1.64-10.31) 5.3 (2.11-14.69) 6.19 (2.67-33.88) 0.007*
BNP (pg/mL) 224.45 (82.29-704.05) 558.3 (136.9-1567.5) 1071.85 (230.25-4091.5) 0.004*
EF (%) 56 (50-60) 54 (45-58) 50 (40-57.75) <0.001*
SS 15 (12.5-17.5) 27 (24.5-29) 36 (34-38) <0.001*

*Data are expressed as median (25%-75™ percentiles). BMI: Body mass index, BNP: B-type natriuretic peptide, CB: Conjugated Bilirubin, CK-MB: Creatine
kinase-MB, DBP: Diastolic blood pressures, DM: Diabetes mellitus, FGL: Fasting glucose level, HDL: High-density lipoprotein, SS: Syntax score, High
SSG: High SS group, HT: Hypertension, HTC: Hematocrit, In SSG: Intermediate SS group, K: Potassium, LDL: Low-density lipoprotein, Low SSG: Low
SS group, Na: Sodium, PP: Pulse pressure, RDW: Red cell distribution width, SBP: Systolic blood pressure, TB: Total Bilirubin, TC: Total cholesterol,
TG: Triglyceride, T-I: Troponin-I, EF: Ejection fraction, GGT: Gamma glutamil transferaz, MCV: Mean corpuscular volume, HGB: Hemoglobin

The inflammatory markers, ratio of inflammatory markers,
MPVLR, MPVPR, and CRP of the ACS patients according to
the SS are presented in Table 2. WBC, NC, LC, and NLR did
not differ statistically between the three groups.

Although PC, MPV, and MPVPR did not differ significantly
between these three groups. PLR and MPVLR were higher
significantly in high-SSG group than those in the low-SSG
and intermediate-SSG groups (P = 0.007 and P = 0.029,
respectively).

The high-SSG group had higher CRP levels (1.5+2.26 mg/dl)
than the intermediate-SSG group (1.22 + 1.57 mg/dl), and the
intermediate-SSG group had higher CRP levels than the low
SSG (1.14 £ 2.5 mg/dl) (P <0.001).

Correlation analysis was performed to investigate the
relationship between the SS and parameters (NLR, PLR,
MPV, MPVLR, and MPVPR). A significant correlation was
found between MPV, PLR, MPVLR, and SS (r = 0.094,
P =10.019; »=0.095, P=0.018 and » = 0.112, P = 0.005,
respectively) [Table 3, Figures 1 and 2].

Univariate regression analysis showed statistically significant
but weak correlations between PLR, MPVLR and CCAD
(B = 0.009 [95% confidence interval [CI]: 0.002-0.016],
P=0.018 and 3 = 0.267 [95% CI: 0.081-0.453], P = 0.005,
respectively) [Table 4]. In addition, we performed multivariate
regression analysis for variables that showed significance
in the univariate model. Multivariate regression analysis
revealed that MPVLR was not an independent predictor
of CCAD (odds ratio [OR]. 1.070 [95% CI: 0.918-1.065),
P =0.761), whereas PLR was a weak predictor for CCAD
(OR:1.003 [95% CI: 1.001-1.006], P=0.021) [Table 4]. In the
ROC curves analysis, the (area under the curve [AUC] = 0.560,
95% CI: 0.508-0.612, P=0.023), with optimal cutoff value of
127.65 (sensitivity: 56.2%, specificity: 51.6%) for predicting
CCAD [Table 5 and Figure 3].

Discussion

In this study, we only included patients with ACS (USAP,
non-STEMI, and STEMI). This study was designed to
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Figure 1: Correlation between platelet to lymphocyte and SYNTAX
score (r = 0.095, P = 0.018)
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Figure 2: Correlation between mean platelet volume to lymphocyte ratio
and SYNTAX score (r = 0.112, P = 0.005)

Table 2: Complete blood count values and inflammatory
cell ratios of the low-, intermediate-, high-syntax score
groups

Table 3: Correlation analysis between complete blood
count values, inflammatory cell ratios, and syntax score
of the patients

Low-SSG In-SSG High-SSG P

(n=436) (n=127) (n=36)
WBC (K/uL)  8.97+2.96  8.9013+2.82 8.46+2.45 0.596
NC (K/uL) 6.07+2.66 6.15+2.84 5.77+2.26 0.758
LC (KAL) 2.08+1.17 1.96+0.90 1.73+0.87 0.139
PLT (K/uL) 9.97+1.48 10.29+1.54 9.86+1.28 0.085
MPV (fL) 242.75+70.37 255.87+87.13  245.67+82.67  0.218
NLR 3.74+2.98 4.1143.89 4.63+3.91 0.179
PLR 142.87+79.76  163.23+111.55 181.35+126.04  0.007
MPVLR 6.04+3.40 6.70+4.06 7.36+3.89 0.029
MPVPR 4.52+1.84 4.44+1.61 4.43+1.45 0.881
CRP (mg/dL)  1.14+2.5 1.22+1.57 154226  <0.001

CRP: C-reactive proteins, LC: Lymphocyte count, MPV: Main platelet
volume, MPVLR: MPV to lymphocyte ratio, MPVPR: MPV to platelet
ratio, NC: Neutrophil count, NLR: Neutrophil to lymphocyte ratio,
PLR: Platelet to lymphocyte ratio, PLT: Platelet, SS: Syntax score,
WBC: White blood count, High SSG: High SS group, In SSG: Intermediate
SS group, Low SSG: Low SS group

investigate the relationship between NLR, PLR, MPVR,
MPVLR, and CCAD in patients with ACS.

Main findings of our study were as follows: (1) although
there was no correlation between NLR, MPVLR, and CCAD
in ACS patients, (2) there was a weak positive correlation
between PLR, MPVLR, and CCAD, (3) Univariate and
multivariate regression analysis showed that MPVLR was
not an independent predictor of CCAD, whereas PLR was
a weak independent predictor of CCAD, and (4) PLR had
a low sensitivity (56.2%) and specificity (51.6%) to predict
intermediate and high anatomic CAD complexity (SS >22).

Ample research has shown that inflammation plays an
important role in atherosclerotic CAD. Inflammatory cells are
important at every stage of atherosclerotic lesions, their effector
molecules accelerate progression of the lesions, and activation
of inflammation can elicit ACS.***! In recent years, NLR, PLR,

SS
r P
WBC -0.019 0.629
NC 0.007 0.860
LC -0.056 0.159
PC 0.033 0.411
MPV 0.094 0.019
NLR 0.060 0.131
PLR 0.095 0.018
MPVLR 0.112 0.005
MPVPR 0.022 0.587
CRP 0.031 0.440

WBC: White blood count, NC: Neutrophil count, LC: Lymphocyte
count, PC: Platelet count, MPV: Main platelet volume, MPVLR: MPV
to lymphocyte ratio, MPVPR: MPV to platelet ratio, NLR: Neutrophil
to lymphocyte ratio, PLR: Platelet to lymphocyte ratio, CRP: C-reactive
proteins, SS: Syntax score

MPVLR, and MPVPR, derivate indexes of CBC assays, have
emerged as the new prognostic markers for various diseases
such as cardiovascular disorders, malignant diseases, stroke
subtypes, transient ischemic attack and pulmonary diseases
including cystic fibrosis, chronic obstructive pulmonary
disease, and acute pulmonary embolism.?52% In this area, the
most popular issue has certainly been CAD.

NLR and PLR have been shown to have a predictive value
in the detection of CCAD in patients with stable CAD.!!:»-31
Furthermore, they have been used in prediction of major
adverse cardiovascular events (a new episode or a recurrence
of myocardial infarction, UASP, development or worsening
of heart failure, re-hospitalization, stroke, in hospital
and long-term mortality),®"! prognostication of CAD and
evaluation of stent thrombosis risk.’>3% However, few studies
have investigated the relationship between inflammatory cell
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Table 4: Independent predictors of high syntax score in
acute coronary artery syndrome

Univariate regression Multivariate regression

analysis analysis
B (95% CI) P OR (95% CI) P
NLR 0.159 (-0.048-0.365)  0.131 -
PLR 0.009 (0.002-0.016)  0.018 1.003 (1.001-1.006) 0.021
MPVLR  0.267(0.081-0.453)  0.005 1.070 (0.918-1.065) 0.761
MPVPR  10.492 (—27.391-48.375) 0.587 - -

OR: Odds ratio, MPV: Main platelet volume, MPVLR: MPV to lymphocyte
ratio, MPVPR: MPV to platelet ratio, NLR: Neutrophil to lymphocyte
ratio, PLR: Platelet to lymphocyte ratio, CI: Confidence interval

Table 5: Receiver operating characteristic curves of
platelet to lymphocyte ratio and main platelet volume to
lymphocyte ratio for predicting coronary artery disease
complexity using syntax score=22 cutoff value

Area under the curve

Testresult Area SD P 95% CI

variables Lower bound  Upper bound
NLR 0521 0027 0418 0.469 0.574
PLR 0,560 0.027 0.023 0.508 0.612
MPVLR 0553 0.027 0.044 0.501 0.606
MPVPR 0495 0.027 0.864 0.443 0.548

MPV: Main platelet volume, MPVLR: MPV to lymphocyte ratio,
MPVPR: MPV to platelet ratio, NLR: Neutrophil to lymphocyte ratio,
PLR: Platelet to lymphocyte ratio, SD: Standard deviation, CI: Confidence
interval

ratios and CCAD in ACS patients, and findings of these studies
were insufficient to predict CCAD.

Chen et al.®"! evaluated NLR in 2976 CAD patients and
571 healthy controls. CCAD was assessed using Gensini
score. A cutoff value of 2.04 for NLR predicted severe CAD
according to Gensini score. In that study, acute and chronic
CAD were evaluated together; inflammatory response in
chronic CAD was different from ACS; hence, the results of
this study could not be generalized to ACS patients.

Another study performed by Soylu et al.l'¥ investigated the
relationship between NLR and SS in patients with non-STEMI.
Patients were divided into three groups according to their
NLR (NLR <2.6, NLR = 2.6-4.5, and NLR >4.5). Patients
with high-NLR had higher SS than those with intermediate
and low-NLR. Moreover, high NLR values were strong
predictors of the in-hospital mortality in non-STEMI patients.
Although they found a positive correlation between NLR and
SS (r=0.253 P=0.001), independent predictive value of NLR
for high SS was not investigated. The presence of correlation
between NLR and SS did not mean that high NLR had a
predictive value for CCAD.

Kurtul ef al.P¥ assessed the relationship between MPV, PLR
and severity of CAD in patients with non-STEMI by using
SS. NLR was found to be an independent predictor of severe
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Figure 3: Receiver operating characteristics curves for the platelet
to lymphocyte ratio value in the prediction of intermediate and high
SYNTAX Score using = 22 cutoff value. AUC: Area under the curve,
Cl: Confidence interval

atherosclerosis (coefficient = 0.380, 95% CI: 1.165-1.917,
P < 0.001), whereas MPV did not have such a predictive
value (coefficient f=1.010, 95% CI: 0.774-1.318, P=0.941).

Kurtul A et al." divided the 1016 non-STEMI patients into two
groups: group 1 composed of patients with low SS (SS <22),
group 2 composed of patients with intermediate and high SS.
They found a statistically significant difference with respect
to PLR between the two groups, and a positive correlation
was observed between PLR and SS (P < 0,001). Increased
PLR was an independent predictor for high SS in non-STEMI
patients (OR = 1.018, 95% CI: 1.013-1.023, P < 0.001).
Moreover, in-hospital mortality was higher in group 2 than
that in group 1 (OR =1.004, 95% CI: 1.001-1.008, P=0.032).

In our study, except for a weak positive correlation between
PLR and CCAD, no correlation was observed with any of
the parameters measured. According to both univariate and
multivariate analysis results, PLR was a weak predictor of
CCAD in ACS patients. The ROC analysis results confirmed
the limited predictive value of PLR for CCAD in patients with
ACS. Our findings contradicted the previous studies,!'*37-3%]
except for the study by Kurtul ez a/.l'! which was partially in
concordance with our results.

Recent research has shown that inflammation is an
integral part of atherosclerotic CAD. The degree of
inflammatory activity depends on the characteristics of the
atherosclerotic lesion.”! Plaque analysis has demonstrated
less local and systemic inflammatory activity in silent
atherosclerotic (noncomplicated and nonvulnerable) plaque
than complicated plaque.’” It has been shown that ACS
patients have higher levels of inflammatory cells and
mediators including T-cell, CRP, interleukin-6, fibrinogen,
interleukin-7, interleukin-8, soluble CD40 ligand, and
C-reactive protein-related protein pentraxin-3 compared to
patients with stable CAD, both systemically and within the
lesion, suggesting the role of these mediators in atherosclerotic
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plaque rupture.?**1 High levels of inflammatory mediators
were associated with increased cardiovascular mortality
and adverse cardiovascular events.[***7] Increased levels
of these mediators did not result from CCAD; rather they
resulted from inflammatory response that was triggered
by plaque rupture.[*>#¢! In the light of these data, it could
be concluded that the presence of stable, non-complicated
CAD was associated with both systemic and local low-grade
inflammation. However, clinical forms of ACS were associated
with high-grade inflammation, both systemically and locally.
Overall, the existence of noncorrelation between NLR,
PLR, MPVLR, MPVLR and CCAD was an expected result.
Stable CAD patients with low-grade inflammatory activity
might have higher CCAD; ACS patients with high-grade
inflammatory activity might have lower CCAD, and vice
versa. As the degree of inflammatory response depended on
plaque complication (vulnerability, erosion, and rupture) in
both patient groups, the circulating levels of inflammatory
markers would differ between them.

Study limitations

The present study had several limitations. First, our study was
retrospective, cross-sectional, and was based on patient file
data. However, our study population consisted of a sufficient
number of patients with ACS. Second, NLR PLR, MPVLR,
and MPVPR were analyzed from the first blood samples at
hospital admission rather than several samples at different
time intervals. Third, these ratios were considerably affected
by many factors, including dehydration, overhydration, diluted
blood specimens, and in vitro blood specimen handling.
Finally, the results of this study could be generalized for all
ACS but not for USAP, non-STEMI, or STEMI. Therefore,
a separate study was needed to evaluate the relationship
between inflammatory markers and CCAD for each subgroup
of patients.

CoNncLusION

ACS was almost always associated with rupture of an
atherosclerotic plaque and outburst of systemic markers of
inflammation. Since, patients with ACS might have both less
complex CAD morphology and high levels of inflammatory
response; they might have no correlation between them.
Therefore, NLR, PLR, MPVLR, MPVPR could not be used
for prediction of CCAD in patients with ACS.
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Purpose: The best anthropometric index has not been established to investigate the relationship between hypertension and obesity. Since
a similar study was not conducted in Bojnurd, we began to investigate the comparison of anthropometric indices (body mass index, waist
circumference, and waist-to-hip and waist-to-height ratios) in predicting the risk of hypertension. Materials and Methods: The present
cross-sectional study was conducted on women referring to Bojnurd health centers. For analyzing the data, we used #-test, Chi-square,
logistic regression, and the receiver operating characteristic curve in SPSS 19 software. Results: The prevalence of blood pressure was
53.4% (confidence interval = 46.8—-60). All four anthropometric indicators were used as a screening tool for hypertension diagnosis; however,
body mass index (BMI) had a higher sub-curved surface than other anthropometric indices (area under curve = 0.717). The cutoff point of
BMI for predicting the risk of hypertension was 25.6. Conclusions: This study suggested that BMI as an anthropometric indicator to evaluate
the risk of hypertension. Since a significant percentage of people are unaware of the existence of hypertension, continuing education is needed
to encourage people to pay more attention to this problem.

Keywords: Body mass index, hypertension, waist circumference, waist-to-height ratio, waist-to-hip ratio

from 10% to over 60% in different countries.”” About 18%
of global deaths have been attributed to hypertension. It
causes one of the eight deaths in the world.®! It is the most
important health issue in developed and developing countries.”
The prevalence of hypertension in the 25-64 years’ Iranian
population was 22.1% in 2015.0' The risk of developing
hypertension in individuals with abnormal BMI is proportional
to the increase in WC.F! North Khorasan Province has been
ranked first regarding age-related blood pressure in women.
The prevalence of hypertension in women of North Khorasan
province is 42.7%.1121 Hence, using simple and inexpensive
methods to diagnose, especially the distribution of obesity in
the body, help us to identify people at high risk for chronic
diseases such as blood pressure. By decreasing the prevalence
of obesity, through prevention and education, we will see a

INTRODUCTION

Urbanization, industrialization, and population growth have led
to an increase in the prevalence of chronic diseases worldwide.
Obesity as a risk factor for noncommunicable diseases is one
of the most important public health problems worldwide."
Obesity refers to the abnormal accumulation of fat in the body
tissue.”! The prevalence of obesity is increasing, and obese
people are prone to chronic diseases such as Type 2 diabetes,
hypertension, cardiovascular disease, and some cancers.!
Due to its economic burden, choosing the best measure to
monitor the complications of obesity in the population is very
important. Body mass index (BMI) is the most commonly used
index for assessing obesity. Other anthropometric indices, such
as waist circumference (WC), waist-to-hip ratio (WHR), and
waist-to-height ratios (WHtR), have recently been suggested

and are considered for the distribution of fat in the body.™*! The
v Y Address for correspondence: Mrs. Andishe Hamedi,

WC gives us information on how the body’s fat is distributed,
indicating abdominal obesity.'®’ Some environmental factors,
including obesity, are effective in high blood pressure. The
prevalence of hypertension in obese people is higher than in
normal people,”) and it varies from one country to another,
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significant reduction in the prevalence of hypertension. Since
a similar study has not been conducted in Bojnurd, this study
was done to determine the best anthropometric index and
determine the optimal cutoff point for each of these indicators
to predict the risk of hypertension.

MareriaLs AND METHODS

Ethics

This article was approved by the code “93P767” in North
Khorasan University of Medical Sciences, Iran. We get consent
from each participant.

Study design

The present study was a cross-sectional study, and the
statistical population was women referring to health centers
in Bojnurd. We used cross-sectional sample size formula,
based on the prevalence of hypertension 30%, accuracy of
0.06%, and confidence level of 95% to estimate the sample
size. Finally, we examined 230 people. We used multistage
sampling methods from health centers of Bojnurd in five
geographic regions of North, South, East, West, and Center.
Then, we chose one center randomly from each region. We
randomly selected the participants from the centers. Then, we
conducted the coordination (on a telephone) for them who
were willing to participate in the study after explaining the
purpose of the study for them and getting consent; then, we
measured anthropometric indices of each one in the health
center. The criteria for entry were all women (married) referred
to health centers, in which, they were willing to participate
in the study. Excluded criteria were as follows: not having a
history of exercise and exercise therapy to control or reduce
weight gain. After obtaining satisfaction, the questions
were asked by the trained person using a questionnaire and
an interview. We measured hypertension, with pressure
gauge. People, with systolic blood pressure >140 mmHg or
diastolic pressure >90 mmHg, were considered as people with
hypertension based on the definition of hypertension published
by the Seventh Joint National Committee on Prevention. The
weight of the participants was measured using an Omron digital
scale manufactured in Japan. Furthermore, a meter was used to
measure the height of the people in cm. The BMI was obtained
as weight (in kg) divided by the square of the height (in m?).
The hip circumference was also measured similar to the WC
at the widest part of the buttocks, and then WHR calculated
by dividing the WC to the hip circumference in cm. The WC
was also divided by the height to obtain WHtR.

Statistics

To analyze the data, we used #-test, logistic regression model,
the receiver operating characteristic (ROC) curve and area
under curve (AUC), Youden’s Index (J), and the maximum
potential effectiveness of a biomarker to measure the power
of each anthropometric index in predicting the risk of
hypertension in SPSS 19 software, version 19.0 (IBM Corp.,
Armonk, NY) by using 95% of confidence interval level.

ResuLts

In this cross-sectional study, 230 women were enrolled in
the study. The mean age of the women, who participate in
the study, was 41.1 = 15.2 years, with an average pregnancy
rate of 3 + 0.14. The prevalence of blood pressure was 53.4%
(confidence interval = 46.8—60). Demographic characteristics
of the study are shown in Table 1.

The mean anthropometric indices of BMI, WC, WHR,
and WHtR were higher in participants with hypertension
than those without hypertension (P < 0.001). There was a
statistically significant difference in physical activity between
the two groups (P = 0.02). The odds ratio of hypertension
obtained from anthropometric indices before and after
adaptation for age variables, occupation, level of education,
number of pregnancies, and physical activity is shown in
Table 2.

In the first model, from four anthropometric indices, BMI,
and WHR had a significant relationship with the risk of
hypertension. After entering the confounding variables, BMI,
WC, and WHtR showed a significant relationship, so that the
risk of hypertension in people with BMI >27 greater than <27.
To compare the predictive power of anthropometric indices,
for the risk of hypertension, we used the ROC curve and the
sub-curved surface (AUC) [Figure 1].

To determine the risk of hypertension, the best cutoff point for
anthropometric indices is shown in Table 3. The best cutoff
point for BMI was 25.65 kg/m?. Furthermore, the cutoff point
of WHtR was 0.52, and the cut-off point of WHR was 0.94.

Table 1: Basic characteristics of the population studied

Variables With Without P
hypertension hypertension
n 123 107
Age 44.1£16.5 37.4+12.9 0.001
BMI 21.4+2.5 24.3+3.3 <0.001
wC 101.6+9.7 92.06+13.1 <0.001
WHtR 0.6+£0.07 0.57+0.08 0.02
WHR 0.93+0.06 0.87+0.07 <0.001
Number of pregnancy
<2 46 (37.4) 59 (55.2) 0.018
2-5 57 (46.3) 39(36.4)
>5 20 (16.3) 9(8.4)
Occupation
Housewife 108 (87.8) 88 (82.2) 0.23
Employee 15(12.2) 19 (17.8)
Level of education
Under diploma 90 (73.2) 55(51.4) 0.003
Diploma 19 (15.4) 30 (28)
Academic 14 (11.4) 22 (20.6)
Regular exercise
No 116 (94.3) 91 (85) 0.02
Yes 7(5.7) 16 (15)

*Significant at 95% confidence level. BMI: Body mass index, WC: Waist
circumference, WHtR: Waist-to-height ratio, WHR: Waist-to-hip ratio
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The cut-off point of WC was 101, although WC had a lower
surface area under the ROC curve than other anthropometric
indices.

For comparison in pairs between BMI and WC, P = 0.0012;
however, the surface area under the ROC curve was higher
in BMI. Similar to BMI versus WHR: 0.015 and BMI
versus WHtR: 0.0057. For comparison in pairs between
WC versus WHR, P = 0.12, WC versus WHtR: 0.2 and
WHR versus WHtR: 0.38, which means WC, WHR, and WHtR
had similar predictive power in the risk of hypertension.

Discussion

In this study, all four anthropometric indicators were
significantly different between the two groups with and without
hypertension;!"* however, BMI had a higher AUC than other
anthropometric indices like study conducted by Fuchs.!'#!
However, in a study that conducted in Spanish, the AUC for
BMI was significantly higher than the AUCs for WC and WHtR
like this study (AUC = 0.717).['7 Some study shows WHtR
is a better predictor for hypertension, which is contradicted
with this study.['

Table 2: The odds ratio of blood pressure regarding
cutoff points for anthropometric indices

Variables OR (95%Cl) P OR (95%C1)** P
BMI

<22 1 1

23.5-25.6 1.5(0.7-3.2) 0.23 1.2 (0.4-3.1) 0.67

>25.6 7.6 (3.1-18.2) <0.001 13.9 (4.5-43.1) <0.001
wC

<93 1 1

93-97.9 1.06 (0.4-2.6) 0.88 0.2 (0.04-1.3) 0.11

>98 1.2(0.7-2.1) 0.41 0.07 (0.01-0.4) 0.005
WHR

<0.86 1 1

0.86-0.89 1.4 (0.5-3.4) 0.43 1.06 (0.3-3.5) 0.92

>0.9 1.9 (1.1-3.6) 0.02 0.7 (0.2-2.2) 0.6
WHtR

<0.50 1 1

0.50-0.52 1.2 (0.5-2.6) 0.58 3.01 (0.7-12.7) 0.13

>0.52 1.6 (0.8-2.9) 0.11 9.2 (1.3-62.6) 0.02

*Significant at P<0.05, **After adjusting for confounders. BMI: Body
mass index, WC: Waist circumference, WHtR: Waist-to-height ratio,
WHR: Waist-to-hip ratio, OR: Odds ratio, CI: Confidence interval

Waist-to-hip indices were a good predictor for the risk of
hypertension in some studies, which was contradicted with
this study.''”” However, such studies have shown that WC is
most closely correlated with changes in blood pressure.['®1]
In this study, results showed that BMI, WC, and WHtR had
a significant relationship with the risk of hypertension after
controlling for confounders such as age, occupation, level
of education, number of pregnancies, and physical activity.
Furthermore, by analyzing ROC curves, it showed that BMI
is the best prediction for the risk of hypertension compared
to other anthropometric indicators. WHR, WC, and WHtR
are also showed similar predictive power. In a cross-sectional
study conducted by Liu, the AUC values did not differ between
BMI, WC, and WHtR for prediction of hypertension, which
was different with this study.?”

In a meta-analysis study, in the world that compared WC,
WHtR, and BMI indices, WHtR was the best indicator for
measuring obesity.?!l In the study conducted by Zabetian in
Tehran,? the cutoff point for WC was 94.5 as a predictor for
the risk of cardiovascular disease. Furthermore, according
to the National Committee of Obstetrics, WC >90 had been
suggested for obesity, which was different with this study. This
committee recommends a WC >95 cm for appropriate medical
interventions. Our estimate is also up to 101. The cutoff points
for BMI, WHR, and WHtR were 25.6, 0.52, and 0.94 in this
study, respectively. Each population, depending on the race
and ethnicity, has a different cutoff point for anthropometric
indices related to the risk of developing diseases such as

100

80 |

Sensitivity

100-Specificity

Figure 1: Comparison of receiver operating characteristic curves

Table 3: Areas under the receiver operating characteristic curve, cutoff points, sensitivity, and specificity of

anthropometric measurements to predict hypertension

Variables AUC (95% CI) P Cut-off points Sensitivity Specificity Youden’s index
BMI 0.71 (0.65-0.77) <0.001 25.65 40.65 100 0.4
wC 0.56 (0.49-0.62) 0.09 101 36.5 74.7 0.11
WHR 0.6 (0.53-0.66) 0.004 0.94 26.8 88.7 0.15
WHIR 0.58 (0.51-0.64) 0.03 0.52 86.1 28.9 0.15

AUC: Area under curve, BMI: Body mass index, WC: Waist circumference, WHtR: Waist-to-height ratio, WHR: Waist-to-hip ratio, OR: Odds ratio,

CI: Confidence interval
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blood pressure. Different cutoff points are estimated for
anthropometric indices. These differences may be due to
the differences in lifestyle because of the dietary habits and
physical activity of the population under the study as well as
the differences in the study outcomes found in the prediction
models. Cutting points that show the highest probability of
predicting the risk of hypertension based on sensitivity and
specificity were similar to recommended values.!"*?' WC does
not consider the person’s height in the risk assessment, it was
not significantly a good predictor for hypertension; therefore, it
can be said that because the WHtR index considers the height
of people in measuring body mass, in contrast to WC, is more
sensitive than other anthropometric indices in identifying
patients with hypertension. In this study, the prevalence of
hypertension was 53.4%. In comparison with other parts of
the country, the prevalence rate of hypertension was 23.7%
in Tehran,” and 27.3% in Isfahan. There is a significant
difference in the prevalence of hypertension in different parts
of the world. In the United States, it was 30.1%;° and in
Canada, it was 21.6%." The prevalence of hypertension in
the study conducted by Ana was 44%."¥ Several studies have
reported the increasing incidence of hypertension, especially in
women in developing countries, including Iran. In this study,
the abdominal obesity was one of the factors that influenced
women’s hypertension. Such studies confirm our results.?2%
In this study, age had a major risk of hypertension. Such
studies have reported similar results.***Y However, Anane’s
study did not report a significant relationship between the
age and hypertension which may be due to differences in
the age group of the study.’!" In the present study, there
was a significant relationship between regular exercise and
hypertension. Some studies reported inconsistent results with
our study.>¥1 Maybe few people in the two study groups had
reported doing exercise in their leisure time. However, such
studies have shown that by reducing physical activity, the risk
of hypertension would increase.*'** Hence, people, who do not
have physical activity in the day, are twice more susceptible to
having higher blood pressure. The present study shows that the
number of pregnancies is one of the factors that increase the
blood pressure in women. Such studies have reported similar
results.?”! In this study, there was no significant relationship
between female occupation and their education level with
hypertension. The results of such studies contradicted our
study. 3133

CONCLUSION

Overall, this study indicated that BMI, WC, WHR, and WHtR
had affected on blood pressure in women since BMI had
better surface area under the ROC curve. Since a significant
percentage of people are unaware of the existence of
hypertension, and controls of this disorder are not appropriate
in many people, continuing education is needed to encourage
people to pay more attention to this problem. Since obesity
and hypertension are important risk factors for cardiovascular
disease, the need for nutritional education with a change

in attitude is necessary as a result of weight control and
fitness. There were some limitations in this study. The main
limitation of our study was its cross-sectional design, and it was
impossible to show the cause—effect relationship. We propose
a prospective study on a large population of men and women
because this study has been done only on women.
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The Predictors of Long-Term Hospitalization in Turkish Heart
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Background: Heart failure (HF) is an important public health problem. We aimed to investigate the predictors of long-term hospitalization in
Turkish HF population. Materials and Methods: Journey-HF-TR study is a multicenter, cross-sectional, noninvasive, and observational study
that was conducted in intensive care unit (ICU), coronary care unit (CCU), and cardiology wards in seven geographical regions of Turkey.
In this subgroup analysis, patients were classified as two groups according to inhospital stay called the patient with the shorter length of stay
(S-LOS) (inhospital stay <5 days; S-LOS) and patients with longer LOS (L-LOS) (inhospital stay >5 days; L LOS). Results: The study group
was consisted of 1606 patients (57.2% male, mean age: 67. 8 £ 13.0 years old). One thousand and thirty seven patients, whom in-hospital
stay duration were recorded in case report form, were included in this analysis. There were 487 patients (32.1%) in S LOS group and 1030
patients (67.9%) in L LOS group. In multivariate analysis, correlation was present for NYHA functional capacity, CKD, ACS related HF,
right HF, cardiogenic shock, invasive and noninvasive ventilation, and hemodynamic monetarization. The longer inhospital stay increases the
probability of morbidity and mortality. Conclusion: We demonstrated that there was positive correlation between longer hospital stay and
HF severity (NYHA III-IV), CKD, cardiogenic shock, right ventricular HF, and HF related to ACS. HFpEF patients have less in-hospital stay
than HFrEF and HFmrEF patients.

Keywords: Acute heart failure, long inhospital stay (length of stay), morbidity, mortality

INTRODUCTION Hospital length of stay (LOS) is defined as the actual number
of days the patients remained in the hospital, determined from
the day of admission to the day of discharge. Theoretically,
constitutes a majority of the hospitalizations in cardiology longer LOS (L-LOS) identifies more severe patients and/or
clinics and intensive/coronary care units (CCUs) among
patients aged above 65.[1 It can develop as a result of worsening
symptoms of existing HF (acute decompensated chronic HF

Acute heart failure (AHF) is a life-threatening syndrome that
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complications occurring during hospitalization. It has been
suggested a surrogate measure of hospital performance.>3 LOS
is akey determinant of HF hospitalization costs. L-LOS is also
associated with lower performance on quality of care measures
and higher rates of subsequent readmission and mortality.
Several studies revealed that possible determinants of L-LOS
for HF patients include sociodemographic variables, medical
comorbidity, disease severity (worse functional class and lower
left ventricular ejection fraction [LVEF]), clinical presentation,
inpatient treatment, inhospital progress, and development of
iatrogenic complications.*#l Some medical comorbidities
that were known in prolonging LOS are concurrent stroke,
worsening of renal function, atrial fibrillation, respiratory
problems requiring specific treatment, and malnutrition.

We aimed to determine the predictors of long-term
hospitalization in Journey HF-TR population.

MeTtHoDS

Journey-HF-TR study is a multicenter, cross-sectional,
noninvasive, and observational study that was conducted
in intensive care unit (ICU), CCU, and cardiology wards
in seven geographical regions of Turkey.[”? The patients
hospitalized with the final diagnosis of AHF between
September 2015 and 2016 were included in Journey-HF-TR
study. According to LOS, patients were classified as patient
with shorter LOS (S-LOS) (inhospital stay <5 days; S-LOS)
and patients with L-LOS (inhospital stay >5 days; L-LOS) in
this subgroup analysis. Baseline and clinical characteristics,
comorbidities, and laboratory data were collected during
hospital admission. 12-lead electrocardiogram (ECG) and
transthoracic echocardiography (TTE) were performed in
all patients. Patients with systolic blood pressure higher than
140 mmHg and diastolic blood pressure higher than 90 mmHg
or who were taking antihypertensive treatment were classified
hypertensive (HT). Patients with fasting blood sugar higher
than 125 mg/dl in two blood samples and glycated hemoglobin
Alc (HbAlc) higher than 6.5% or who were taking antidiabetic
medication were classified as diabetes mellitus (DM). Anemia
was defined as Hb level is <13 g/dl in men and <12 g/dl in
women according to the World Health Organization criteria.
Chronic kidney disease (CKD) was defined as if glomerular
filtration rate (GFR) is <60 ml/per min/1.73 m?. On TTE,
patients were divided into three groups according to LVEF
as patients with reduced EF (LVEF <40%), patients with
midrange EF (LVEF: 40%-49%), and patients with preserved
EF (LVEF >50%).

Statistical analysis

Statistical analysis was performed using SPSS program
(SPSS Inc., Chicago, IL, USA). Continuous variables
are presented as the mean + standard deviation or
median (minimum-maximum) if not normally distributed.
Categorical variables are presented in frequency (percentages).
Univariate analysis was performed to identify the variables
associated with LOS. Those variables with P < 0.25 at

the univariate analysis were included in the multivariate
model. A value of P < 0.05 was considered to be statistically
significant.

ResuLts

The study group was consisted of 1606 patients (57.2% male,
mean age: 67. 8 £ 13.0 years old). The initial functional
capacity was New York Heart Association (NYHA) III-IV
in 75.2% of patients. The median stay in CCU/ICU was
3 days, and total hospitalization duration was 7 days. The
total inhospital mortality was 7.6% in the overall population.

One thousand and thirty-seven patients, whom inhospital stay
duration were recorded in case report form, were included in
this analysis. There were 487 patients (32.1%) in S-LOS group
and 1030 patients (67.9%) in L-LOS group. Interestingly, the
patients in S-LOS group were older than the patients in L-LOS
group (69.1 +13.0 and 67.0 = 13.0 years old, P <0.05). There
was much more male in L-LOS group (55.6% and 44.4%,
P <0.05).

The prevalence of HT, DM, AF, coronary artery disease, and
anemia was similar between two groups. CKD was the unique
comorbidity that was much more seen in patients with L-LOS
than patients with S-LOS (30.1% and 22.8%, P =0.003). The
clinical presentation (de novo AHF or ADCHF) was similar
between groups. Patients with L-LOS were much more
presented with acute pulmonary edema (32.3% and 28.3%),
cardiogenic shock (4.1% and 1.8%), and right ventricular
failure (28.6% and 20.7%) [Table 1].

Patients with L-LOS had much more severe disease. The
prevalence of patients with advanced stage HF (NYHA III-1V)
was higher in L-LOS group than S-LOS group (52. 3% and
22. 5%, P < 0.001). Acute coronary syndrome (ACS)-related
AHF was one of the contributing factors of long-term
hospitalization. While the contributing factor was ACS in 16.3%
of patients with L-LOS, 11.7% of patients with S-LOS were
hospitalized due to ACS-related AHF (P <0.05). Hemodynamic
monetarization (18.0% and 11.9%), noninvasive (18.3% and
10.9%), and invasive ventilation (7.7% and 3.1%) were the other
causes of longer hospitalization (P <0.01 for all three variable).

On physical examination, systolic blood pressure (130.3 £29.9
and 127.1 £ 30.9 mmHg), diastolic blood pressure (82.4 + 12.2
and 80.1 = 11.4 mmHg), and heart rate (95.3 + 23.3 and
93.2 +23.5 per min) were similar between S-LOS and L-LOS
patient groups (P> 0.05 for all three variables). On ECG, QRS
duration also was similar between two groups (106.6 + 25.9
and 105.7 £ 40.8 msn; P < 0.05) [Table 2].

On laboratory, natriuretic peptide levels (N-terminal pro
B-type natriuretic peptide) and GFR and Hb levels were also
similar between two groups (respectively, 6701 + 978 and
8129 + 188 pg/ml, 49.7 +28.7 and 49.4 + 31.4 ml/min/1.73 m?,
and 12.3 + 2.1 and 12.1 + 2.1 g/dl; P > 0.05 for all three
variables) [Table 2].
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The mean EF was 35.5 £ 12.9 in S-LOS group patients,
32.1 £ 12.1 in L-LOS group patients (P > 0.05). While HF
patients with preserved EF (HFpEF) was much more in
patients with S-LOS (21% and 16%; P < 0.001), HF patients
with reduced EF (HFrEF) (64% and 67%) and HF patients
with midrange EF (HFmrEF) (15% and 17%) were similar
between group (P < 0.05). There was no correlation between
EF and L-LOS. As we know, HFpEF patients generally have
more comorbidities and are older than other two groups.
On the other hand, HFpEF patients have better systolic and
diastolic BP than other EF groups. In advance stage, HF
disease having lower BP is more problematic and causes
L-LOS and higher mortality. Although we did not perform
such statistical analysis, it may be the reason for S-LOS in
HFpEF patients.

Univariate analysis showed correlation between LOS and male
sex, advanced stage HF (NYHA III-IV), CKD, cardiogenic
shock, pulmonary edema, right HF, invasive and noninvasive
mechanical ventilation requirement, and hemodynamic
monetarization requirement. In multivariate analysis, this
correlation still was present for NYHA functional capacity,
CKD, ACS-related HF, right HF, cardiogenic shock, invasive
and noninvasive ventilation requirement, and hemodynamic
monetarization requirement.

Discussion

In this study, we demonstrated that there was positive
correlation between L-LOS and male sex, HF severity
(NYHA III-1V), CKD, pulmonary edema, cardiogenic shock,
right ventricular HF, HF related to ACS, invasive or noninvasive
mechanical ventilation requirement, and hemodynamic
monitor requirement. After multivariate analysis, this
correlation remained constant for NYHA functional capacity,
CKD, ACS-related HF, right HF, cardiogenic shock, invasive
and noninvasive ventilation requirement, and hemodynamic
monetarization requirement. Although the mean EF was
similar between two groups, the prevalence of LOS was similar
between patients with HFrEF and HFmrEF and had shorter in
patients with HFpEF patients.

AHF is a life-threatening clinical syndrome that constitutes
a majority of the hospitalizations among patients aged above
65 years.l'! The LOS in AHF patients is a surrogate for
the quality of health-care service.** The L-LOS increases
subsequent hospital readmission and mortality. It also increases
health-care costs.

AHF patients with multiple comorbidities (HT, DM, AF,
CKD, and anemia) have L-LOS.B4 Especially, anemia and
worsening of renal failure during inhospital stay are possible
determinants of L-LOS for AHF patients.*!% Tron deficiency
without the presence of anemia is an important consequence
of HF. It causes worse prognosis and advanced stage discase
in HF patients.'""! In our study population, we did not check
the patient’s ferritin and transferrin saturation, but Hb
levels and prevalence of anemia were similar in S-LOS and

Table 1: Demographical and clinical characteristics of
two groups

Parameters L-LOS S-L0S P
(n=1030) (n=4817)
Sex, male (%) 55.6 44.4 0.04*
Age (years) 67.0+13.0 69.1+13.0 0.03*
NYHA II-IV (%) 523 225 <0.001
HT (%) 67.6 65.5 0.4
DM (%) 43.0 40.7 0.3
AF (%) 394 36.6 0.3
Anemia (%) 57.2 54.4 0.5
CKD (%) 30.1 22.8 0.003*
Clinical presentation (%)
ADCHF 81.7 79.5 0.2
De novo AHF 18.3 20.5 0.3
APE 323 28.3 0.04*
CS 4.1 1.8 0.04*
RHF 28.6 20.7 0.002*
ACS 16.3 11.7 0.04*
Hemodynamic monitor 18.0 11.9 <0.01
NIV 18.3 10.9 <0.01
MV 7.7 3.1 <0.01

*P<0.05 is significant. NYHA: New York Heart Association, HT:
Hypertension, DM: Diabetes mellitus, AF: Atrial fibrillation, CKD:
Chronic kidney disease, ADCHF: Acute decompensated chronic heart
failure, AHF: Acute heart failure, ACS: Acute coronary syndrome, NIV:
Noninvasive ventilation, APE: Acute pulmonary edema, CS: Cardiogenic
shock, RHF: Right heart failure, MV: Mechanical ventilation, S-LOS:
Shorter length of stay, L-LOS: Longer length of stay

Table 2: Physical examination, electrocardiogram,
laboratory, and echocardiographic features of groups

Parameters L-LOS S-L0S P
SBP (mmHg) 130.3+29.9 127.1£30.9 0.5
DBP (mmHg) 82.4+12.2 80.1+11.4 0.5
HR (bpm) 95.3£23.3 93.2423.5 0.9
QRS duration (msn) 106.6£25.9 105.7+40.8 0.06
NT pro-BNP (pg/ml) 6701+978 8129+188 0.4
GFR (ml/pm/1.73 m?) 49.7428.7 49.4+31.4 0.06
Hb (g/dl) 12.342.1 12.1+2.1 0.3
EF (%) 32.1+12.1 35.5+12.9 0.2
EF groups (%)

HFrEF 67 64 0.3

HFmrEF 17 15 0.3

HFpEF 16 21 <0.001

S-LOS: Shorter length of stay, L-LOS: Longer length of stay,
SBP: Systolic blood pressure, DBP: Diastolic blood pressure,
HR: Heart rate, NT-proBNP: N-terminal pro B-type natriuretic peptide,
GFR: Glomerular filtration rate, Hb: Hemoglobin, EF: Ejection fraction,
HF: Heart failure, HFrEF: HF patients with reduced EF, HFmrEF: HF
patients with mid-range EF, HFpEF: HF patients with preserved EF

L-LOS patient’s groups. The mean GFR value was below
60 ml/min/1.73 m? The prevalence of CKD patients was
higher in L-LOS group. The prevalence of other comorbidities
(HT, DM, AF, etc.) was similar between the two groups. ACS
is an important clinical situation, especially for de novo AHF.
Most of the patients with ACS-related AHF benefit from
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revascularization therapy. In our study group, ACS-related
AHF caused longer hospital stay.

NYHA functional classification has been used to describe
the severity of symptoms and exercise intolerance. The
term advanced HF (NYHA III-IV) is used to characterize
patients with severe symptoms, recurrent decompensation,
and severe cardiac dysfunction.!'!! The prevalence of NYHA
M-IV patients was higher in L-LOS group than S-LOS group.
Cardiogenic shock and pulmonary edema are the two most
serious clinical presentation of AHF. They increase LOS and
inhospital mortality. We demonstrated correlation between
L-LOS and pulmonary edema and cardiogenic shock, but
after multivariate analysis, this correlation was just continued
for cardiogenic shock. Right HF is an important consequence
of HF patients. Right ventricular dysfunction predicted poor
outcomes in patients with stable CHF.["? Yamin et al. showed
right ventricular dysfunction as a predictor of longer hospital
stay in patients with acute decompensated HF.['¥ Likewise,
right HF was one of the determinants of L-LOS in patients
with ADCHF in our study. Invasive or noninvasive mechanical
ventilation is necessary for hypoxemic HF patients. It reflects
the hypoxemia due to volume overload, especially in lung
parenchyma. Hemodynamic monetarization is necessary for
the management of inotropic or vasodilator therapy in patients
with hypertensive or hypotensive HF. The requirement of
respiratory support and hemodynamic monetarization was
higher in L-LOS group than S-LOS group.

CoNncLusIoN

Our study is the largest scale study to investigate the
determinants of longer hospital stay in Turkish HF population
that was hospitalized due to AHF. It gives important clues
to improve health-care quality and shorten the LOS in
Turkey. L-LOS is an important surrogate subsequent hospital
readmission and mortality. Since our study is retrospective in
natiire, we do not have an idea about the prevalance of hospital
readmission and mortality among patients with L-LOS.
Prospective studies are necessary to present this relation.

Our study has several limitations. Surveys based on voluntary
participation and recruitment of patients have obvious
limitations that have to be acknowledged. Although participant
sites were encouraged to enroll patients, as consecutively
as possible, the study population may not represent the
general population. The registry data are based on only by
documentation of medical history, and management during
hospitalization and the follow-up data are not obtained.
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Potential Factors Affecting the Anticoagulation Control in
Patients Treated with Warfarin: Results WARFARIN-TR Study
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Background: In the present study, we aimed to evaluate the factors that might be caused by adequate anticoagulation control in patients treated
with warfarin for any reason. Methods: The WARFARIN-TR (The Awareness, Efficacy, Safety, and Time in Therapeutic Range of Warfarin
in Turkish Population) study included 4987 patients using warfarin between January 1, 2014 and December 31, 2014. Time in therapeutic
range (TTR) was calculated according to F. R. Roosendaal’s algorithm with linear interpolation. The study population divided into two
groups; adequate international normalized ratio (INR) control when TTR >70% (Group 1, n = 1068, 21.4%) and inadequate INR control when
TTR <70% (Group 2, n=3919, 78.6%). All demographic and clinic characteristics of the patients were compared to determine possible factors
that might be cause adequate warfarin use. Results: The mean age of the study population was 60.7 & 13.5 years, and there was no significant
difference between groups. The mean TTR value of Group 1 was significantly higher than Group 2 (80 + 8.5 vs. 40.9 £ 17.2; P < 0.001).
The traditional cardiovascular risk factors were similar between groups except hypertension (Group 1 51.4% and Group 2 56.4%; P = 0.004)
and chronic kidney disease (Group 1 8.3% and Group 2 5.5%; P = 0.001). There were no significant differences between groups regarding
bleeding. The awareness of warfarin use was significantly higher in Group 1 patients than Group 2 patients. Multivariate logistic regression
analysis revealed that age (odds ratio [OR], 1.007; P = 0.014), hypertension (OR, 0.821; P = 0.01), atrial fibrillation (OR, 1.180; P =0.033),
chronic kidney disease (OR, 1.697; P < 0.001), to know warfarin use reason (OR, 1.699; P < 0.001), and know to food-drug interaction
with warfarin (OR, 1.583; P < 0.001) were independent predictors of adequate coagulation. Conclusion: Our study demonstrated that a low
proportion of patients taking warfarin achieve an adequate TTR in daily practice. Furthermore, the patients with adequate TTR are more
aware of warfarin use.

Keywords: Adequate anticoagulation, warfarin, warfarin awareness

INTRODUCTION have shown that the number of patients with TTR value
above 70% is very low in daily practice. Previous studies
have shown that many factors may cause a low rate of TTR
in different study populations.

Warfarin is an effective oral anticoagulant which is used
for the prevention of thromboembolic events especially in
patients with atrial fibrillation (AF) and prosthetic valve.
Warfarin reduces the stroke by 64% compared to the In the present study, we aimed to evaluate the factors that
placebo in patients with AF, and it is the unique treatment might be caused by adequate anticoagulation control in patients
for prosthetic valve patients.?) The efficacy and safety of treated with warfarin in the WARFARIN-TR (The Awareness,
warfarin are dependent on maintenance of the international o
normalized ratio (INR). The target INR values alter according D R ke LI

. epartment of Cardiology, Doctor Ersin Arslan Research and Training
to the reason of warfarin use; the TTR should be above 70% Hospital, Sahinbey, Gaziantep, Turkey.
for optimal efficacy and safety of warfarin use.? The risk E-mail: kilicsalihhh@gmail.com
of total mortality and major bleeding increases with TTR
value below 70%.51 However, many studies from Turkey
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Efficacy, Safety, and Time in Therapeutic Range of Warfarin
in Turkish Population) population study.

MeTtHoDS

The design, conduct, and both main and subgroup results of
the WARFARIN-TR study have been presented previously.[!
In brief, WARFARIN-TR study is a multi-center prospective
observational study included 42 centers from 24 cities in
seven regions of Turkey. Patients (n = 4987, mean age:
60.7 + 13.5 years, 44.9% male) attended follow-ups for
12 months. Of the total number of patients, 2124 (42.6%) had
a mechanical valve, 1918 (38.4%) had nonvalvular AF, and
985 (19%) had other conditions as warfarin indications. The
patients’ data were recorded during routine clinic follow-up,
and the INR values were recorded from the hospital records.
The patients’ INR data were extracted for the period of
January 1, 2014-December 31, 2014. TTR was calculated
as the proportion of days with INR values between the target
INR (2.0-3.0 or 2.5-3.5). The safety and efficacy of warfarin
therapy are dependent on maintaining the INR within the
target is 2.5 (range 2.0-3.0) for patients with a mechanical
aortic valve, nonvalvular AF, and other reasons. The target
of INR value was 3 (2.5-3.5) in patients with a mechanical
mitral valve and/or mechanical heart valves in both the aortic
and mitral position.!'"” TTR was calculated according to F. R.
Roosendaal’s algorithm with linear interpolation.!'!

For the hypothesis of the present study, we divided patients
into two groups; adequate INR control when TTR >70%
(Group-1,n=1068, 21.4%) and inadequate INR control when
TTR <70% (Group-2, n = 3919, 78.6%). All demographic
and clinic characteristics of the patients were compared to
determine possible factors that might be cause adequate
warfarin use.

Statistical analysis

The continuous variables were presented as mean + standard
deviation, and the categorical variables were expressed as
number and percentage (%). The continuous variables were
compared with the Student’s #-test or the Mann—Whitney U-test.
Chi-square test or Fisher’s exact test were used to compare
categorical variables. The homogeneity of the variances
was tested with Levene’s test. To determine the independent
predictors of TTR >70%, the logistic regression analysis was
structured. The possible factors that identified with univariate
analyses were entered into the logistic regression analysis.
The Statistical Package for the Social Sciences (SPSS for
Windows, Version 20.0, SPSS Inc., Chicago, IL, USA) was
used for the statistical analysis. P < 0.05 was determined as
statistically significant.

ResuLts

Of the 4987 patients included in the Warfarin-TR study, only
one in fifth had adequate anticoagulation control (Group 1,
n = 1068, 21.4%). Baseline demographic and clinical
characteristics of the two groups are summarized in Table 1.

Table 1: Baseline clinical and demographic
characteristics of groups

Variables Group 1 Group 2 P
(n=1068), (n=3919),
n (%) n (%)

Age (year) and mean+SD 60.6+13.5 60.8+13.3 0.638
Female 582 (54.5) 2167 (55.3) 0.641
TTR (%) and mean+SD 80+8.5 40.9+17.2 <0.001
Number of INR monitoring 10.3£3.5 10.2+£2.8 0.294
1 year and mean+SD
Hypertension 549 (51.4) 2209 (56.4) 0.004
Diabetes mellitus 229 (21.4) 811 (20.7) 0.594
Current smoker 214 (20.0) 821 (20.9) 0.515
Hyperlipidemia 237 (22.2) 832(21.2) 0.497
Atrial fibrillation 641 (60.0) 2231 (56.9) 0.070
Heart failure 242 (22.7) 979 (25.0) 0.118
Antiplatelet agent use 243 (22.8) 962 (24.5) 0.225
Coronary artery disease 240 (22.5) 916 (23.4) 0.536
Pulmonary embolism 53 (5.0) 196 (5.0) 0.959
Deep venous thrombosis 43 (4.0) 231 (5.9) 0.018
Cerebrovascular event 101 (9.5) 364 (9.3) 0.866
Chronic kidney disease 89 (8.3) 215 (5.5) 0.001
Following doctor 1018 (95.3) 3611 (92.3) <0.001
(cardiologist)
Any bleeding event 198 (18.4) 807 (20.6) 0.138
Major bleeding 33(3.1) 12 (3.2) 0.869
Minor bleeding 165 (15.4) 682 (17.4) 0.132
Warfarin use reason

NVAF 433 (40.5) 1485 (37.9) 0.078

MHV 456 (42.7) 1666 (42.5)

Other 179 (16.8) 768 (19.8)

MHYV: Mechanical heart valve, NVAF: Nonvalvular atrial
fibrillation, SD: Standard deviation, TTR: Time in therapeutic range,
INR: International normalized ratio

The mean age of the study population was 60.7 + 13.5 years,
and there was no significant difference between the two groups.
The mean TTR value of Group 1 was significantly higher than
Group 2 (80 + 8.5 vs. 40.9 + 17.2; P<0.001). The traditional
cardiovascular risk factors were similar between groups except
hypertension (Group 1 51.4%, Group 2 56.4%; P = 0.004)
and chronic kidney disease (Group 1 8.3%, Group 2 5.5%;
P =0.001). There were no statistically significant differences
between groups regarding warfarin use reason. Although
majority of the patients were followed by a cardiologist,
the number of patients who followed by a cardiologist were
significantly higher in Group 1 than Group 2 (95.3% vs.
92.3%; P < 0.001). Even though any bleeding and minor
bleeding events were higher in Group 2 than Group 1, it was
not statistically significant. Furthermore, the major bleeding
rate was similar between groups [Table 2]. The awareness of
warfarin use which determined with three questions, known to
use warfarin, known to the reason of warfarin use, and known
to food-drug interactions with warfarin, was significantly
higher in Group 1 than Group 2 [Figure 1]. Multivariate
logistic regression analysis revealed that age (odds ratio [OR],
1.007; 95% confidence interval [CI], 1.002—1.013; P=0.014),
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hypertension (OR, 0.821; 95% CI, 0.707-0.955; P=0.01), AF
(OR, 1.180; 95% CI, 1.014-1.374; P=0.033), chronic kidney
disease (OR, 1.697; 95% CI, 1.301-2.215; P < 0.001), to
known warfarin use reason (OR, 1.699; 95% CI, 1.341-2.153;
P <0.001), and known to food-drug interaction with warfarin
(OR, 1.583;95% CI, 1.350-1857; P<0.001) were independent
predictors of adequate coagulation [Table 3].

Discussion

Our study that reflecting daily practice determined that only
one-fifth of the patients who use warfarin for any reason have
adequate coagulation. In addition, the mean TTR value of
groups was dramatically different. This result showed that the
patients with adequate coagulation control had highly good
control; however, the patients with inadequate coagulation
have extremely poor control. Moreover, our results revealed
that the awareness of warfarin use of patients with adequate
coagulation was significantly higher than inadequate
coagulation, and it is independent predictors of adequate
coagulation.

Table 2: Comparison of bleeding ratio between groups

Bleeding type Group 1 Group 2 P
(n=1068),n (%)  (n=3919), n (%)

Any bleeding 198 (18.4) 807 (20.6) 0.138

event

Major bleeding 333.1) 12 (3.2) 0.869

Minor bleeding 165 (15.4) 682 (17.4) 0.132

Table 3: Predictors of time in therapeutic range =70% in
multivariate logistic regression analysis

Variable OR 95% CI P

Age 1.007 1.002-1.013 0.014
Hypertension 0.821 0.707-0.955 0.010
Atrial fibrillation 1.180 1.014-1.374 0.033
Chronic kidney disease 1.697 1.301-2.215 <0.001
To know warfarin use reason 1.699 1.341-2.153 <0.001
Know to food-drug interaction with 1.583 1.350-1857 <0.001

warfarin
CI: Confidence interval, OR: Odds ratio

100.0

90.0

80.0

70.0

60.0

50.0 - H Group-1

40.0 + = Group-2
30.0 +
200

10.0 +

0.0 -
Know to use warfarin ~ Know reason of warfarin Know to food-drug

use interactions with warfarin

Figure 1: Comparison of awareness of warfarin use

Our results are fairly consistent with previous studies that
conducted in Turkish patients.l'>!* In their study, Turk et al.
reported that the mean TTR was 42.3% +18.4% in patients
with valvular and nonvalvular AF. In the same study, 44%
of patients had TTR <40%.!""! Ertas et al. conducted a study
that included 2242 patients with at least one AF episode
reported that only 41.3% of all patients had adequate INR
levels.[3] Furthermore, the study conducted by our group
have shown that although mean TTR level was favorable
in warfarin specialized outpatients clinic (68.8%+15.88),
it was unfavorable in general cardiology outpatients
clinic (51.6%+23.04).1"1 Even though the mean TTR of
general cardiology outpatient’s clinic is higher than other
studies that conducted by Turk and Ertas, it is so far from
adequate value. Furthermore, this study has shown the
importance of follow-up clinic. In WARFARIN-TR study,
we did not evaluate the effect of specialized and general
outpatient’s clinic separately. However, we recorded the
physician that follow-up patients. Although the majority of
patients followed up by a cardiologist, the number in Group 1
was significantly higher than Group 2. Previous studies
have shown that comorbidities such as diabetes mellitus,
hypertension, and heart failure might be associated with
inadequate TTR control.'>!% On the contrary of previous
studies, in this study, there were no significant differences
between groups regarding traditional cardiovascular risk
factors except hypertension and chronic kidney disease.
Chronic kidney disease is an independent predictor of
adequate coagulation. This might be explained by the
patients with chronic kidney disease tightly follow-up by
their physicians both for kidney function and warfarin
use. On the other hand, hypertension is significantly
higher in Group 2 that may explain by an explanatory
mechanism is the possible interaction between warfarin
and drugs administered to hypertension. The awareness of
warfarin use is important in achieving the optimal TTR.
As we emphasized, above the follow-up, clinics are play
an important role in adequate coagulation.!'*17-18] Previous
studies have shown that significantly higher TTR level is
reached with INR specialized outpatient clinics rather than
general clinics follow-up coagulation.!'*'7'8] An advantage
of INR specialized outpatient clinics is frequent reminding
of food-drug interaction with warfarin that might result in
better TTR value. In the present study, we showed that the
awareness of warfarin use was an independent predictor of
adequate coagulation. The safety and efficacy of warfarin
therapy depend critically on maintaining the INR within the
therapeutic range.!">?2l Many studies found that a vast number
of bleeding events occurred when the INR was outside the
therapeutic range.?>?3! Similarly, to the previous studies, in
this study, the number of any bleeding and minor bleeding
were higher in Group 2 than Group 1; however, it was not
statistically significant. In contrast to the previous studies,
the major bleeding rate was similar between groups. The low
number of bleeding might be due to short follow-up periods
of patients and also incomplete declarations of patients.
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CoNCLUSION

Our study demonstrated that a low proportion of patients taking
warfarin achieve an adequate coagulation in daily practice.
Furthermore, patients with adequate coagulation were more
aware of warfarin use.

Limitations

The main limitation of our study was that we did not evaluate
the stroke rate of the patient during the study period. Another
limitation is that due to the study conducted in outpatient
clinics, it might be caused by limited answers of patients in
some busy outpatients clinics.
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Association of Neutrophil to Lymphocyte Ratio with Lower
Patency Rates among Patients with Infrapopliteal Arterial
Disease Undergoing Balloon Angioplasty

Abdulkadir Uslu, Regayip Zehir, Elnur Alizade, Ayhan Kiip, Zubeyde Bayram, Ahmet Guner, Siileyman Barutcu’

Department of Cardiology, Kartal Kosuyolu Heart Research and Training Hospital, Istanbul, 'Department of Cardiology, Van Research and Education Hospital,
Van, Turkey

Introduction: Percutaneous endovascular methods have emerged to the contemporary revascularization choice in patients with infrapopliteal (IP)
arterial disease. However, restenosis remains to be the Achilles” heel of this minimally invasive revascularization techniques. We aimed to
analyze the association between preprocedural (neutrophil to lymphocyte ratio) Neutrophil-to-Lymphocyte ratio (NLR) and subsequent
patency in a cohort of patients with symptomatic IP disease undergoing balloon angioplasty. Methods: All patients primarily treated with
angioplasty of at least one IP artery causing severe symptoms or critical limb ischemia (CLI) (Rutherford category 1-6) between January 2014
and August 2015 were analyzed. The baseline demographic, clinical, and angiographic features admission laboratory test results were obtained
from hospital files and computer records. NLR was calculated as the preprocedural ratio of neutrophils to lymphocytes. Results: The study
population involved 42 (43.8%) CLI patients and 52 (54.2%) claudicants. The most frequent target vessel was the posterior tibial artery.
Primary patency at 1 month was 81.9% and 62.7% at 6 months. NLR (odds ratio: 0.04, P = 0.03) independently predicted patency at 1 month
but did not have a role on arterial patency after 1 month. Only smoking (odds ratio: 4.8, P = 0.01) associated with patency at 6 months.
Conclusion: Preprocedural NLR was an independent risk factor for IP arterial patency at short-term. It may be used as a risk factor for
subsequent amputation or recurrent interventions.

Keywords: Critical limb ischemia, infrapopliteal, neutrophil-to-lymphocyte ratio, patency, percutaneous transluminal angioplasty

arteries is subject to a higher risk of restenosis and thrombosis
than the other vascular districts. Percutaneous transluminal
angioplasty (PTA) remains a reasonable primary treatment
approach for IP despite high re-stenosis and re-intervention
rates. Loss of arterial patency after intervention delays
ischemic wound healing and achievement of ambulatory status
and subsequently hinders improvement of clinical outcome.

INTRODUCTION

Infrapopliteal (IP) occlusive disease is a severe and diffuse
form of peripheral artery disease (PAD) and requires
challenging revascularization procedures. Patients suffering
from severe lifestyle-limiting claudication or critical limb
ischemia (CLI) due to atherosclerosis of the crural arteries
are often frailer and have higher amputation and mortality

rates.!"! Percutaneous endovascular methods have emerged to
the contemporary revascularization choice in these high-risk
patients. Production of uninterrupted blood flow to the foot
to allow wound healing, alleviation of pain, and preservation
of limb mobility are the primary goals of interventions on
the IP.2) The main drawbacks with regard to endovascular
interventions of these end arteries were the vessel patency,
complications, and technical failure. Because of small caliber
and high calcification and occlusion rates, below the knee
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biomarkers of proinflammatory state and reflects both the
neutrophilia of inflammation and the relative lymphopenia of
the cortisol-induced stress response. Elevated NLR has been
associated with a high risk for CLI in PAD patients and higher
mortality in patients with PAD who present with CLL.5 NLR
also predicts intimal proliferation and resultant restenosis in
coronary arteries.”! However, its predictive role on vessel
patency after IP angioplasty in patients with symptomatic IP
has not been demonstrated yet. Therefore, we aimed to assess
the association between NLR and the 1 and 6 months patency
rates in patients with IP after IP intervention. We hypothesized
that preprocedural NLR would be associated with patency rate
early after intervention but not thereafter.

MeTtHoDS

This retrospective observational study was conducted at the
Kartal Kosuyolu Heart Training and Research Hospital. All
patients primarily treated with PTA of at least one IP artery
causing severe symptoms or CLI (Rutherford category 1-6)
between January 2014 and August 2015 were analyzed. A total
of 134 patients (93 males) of mean age 65 years with 166 limbs
were evaluated. Significant stenosis of inflow arteries if present
had to be treated successfully before enrollment. The success
rate was 93.2% (125 patients), and technically successful
angioplasty of de novo lesions were included. CLI defined as
the presence of chronic ischemic rest pain, ulcers, or gangrene
attributable to objectively proven IP.®¥! Technical success of IP
PTA was described as recanalization with the antegrade flow and
30% or less residual stenosis of below the knee artery. PTA was
performed through anterograde (ipsilateral or contralateral) or
retrograde approach at the discretion of the treating interventional
cardiologist. Stents were implanted if flow-limiting complications
occurred. Unless contraindicated, all patients received aspirin,
clopidogrel, statin and cilostazol after successful recanalization
of the vessel. ON a I-month course of combination antiplatelet
therapy consisting of aspirin (100 mg) and clopidogrel (75 mg)
were administered. Patients who failed to take the prescribed
medication during follow-up were excluded from the study.
Previous peripheral artery bypass graft surgery affecting the
target limb, procedural complications requiring further surgical
revascularization or immediate amputation postprocedure,
amputation of treated limb above the metatarsal level and death
of the patient during follow-up and patients with hematological,
inflammatory or rheumatological diseases, and those treated with
steroids or anti-inflammatory drugs were the exclusion criteria.
Fourteen patients underwent amputation, 6 patients died during
6 months of follow-up. Primary patency of vessel attempted
was accepted as the endpoint and evaluated at 1 and 6 months.
Loss of patency defined as restenosis (>50%) or occlusion of
the artery intervention on detected by computed tomography
angiography or duplex scan. Peak systolic velocity ratio >2.4
value calculated on duplex ultrasound has been clinically
established to represent >50% restenosis.”) Primary patency was
reported as continual patency with no procedure at the treated
site or on a segment adjacent to it. The baseline demographic,

clinical, and angiographic features admission laboratory test
results (including absolute neutrophil and lymphocyte counts)
were obtained from hospital files and computer records. Blood
samples were collected in calcium-ethylenediaminetetraacetic
acid tubes. Blood counts were measured with an auto-analyzer.
Neutrophil-to-lymphocyte ratio was calculated as the ratio of
neutrophils to lymphocytes in the peripheral blood. Other routine
laboratory parameters were also measured in our hospital’s
laboratory, from the blood samples obtained on the admission
of the patients. NLR was calculated as the preprocedural ratio
of neutrophils to lymphocytes. C-reactive protein (CRP) levels
were measured on Cobas Integra analyzer (Roche Diagnostics,
Istanbul, Turkey) using the turbidimetric method. The study
was carried out according to the Declaration of Helsinki
and was approved by the Local Ethics Committee. Written
consent was obtained from all the patients.

Number Cruncher Statistical System (NCSS) 2007 (NCSS,
LLC, Kaysville, Utah, USA) program was used for
statistical analysis. Continuous variables are presented as
mean values + standard deviation, whereas categorical ones
are presented as percentage. Student’s ¢-test was used for
comparing parameters which show normal distribution and
Mann—Whitney U-test was used for comparing variables
that do not show normal distribution. Pearson Chi-square
test was used for comparing categorical variables. Freedom
from restenosis and freedom from occlusion based on the
time to the first event for each target lesion. Multivariate
logistic regression analysis carried out to identify independent
predictors of patency. Variables with unadjusted P < 0.1 by
univariate analysis were identified and forced in the full model.
Significance was determined at level for P < 0.05.

ResuLts

The demographic and clinical characteristics and laboratory
results of the study population are summarized in Table 1.
There were no significant differences between the two groups
in terms of basic clinical features. After exclusions, we
identified 94 patients (62 male) who underwent PTA to 144 IP
lesions during the study. Study population involved 42 (43.8%)
CLI patients and 52 (54.2%) claudicants. Patients divided into
two groups according to patency at | month. Primary patency
at 1 month was 81.9% (restenosis in 17 patients), significantly
different between the claudicant and CLI cohorts (P = 0.001).
Clinical characteristics of patients and lesion features with
respect to vessel patency at 1 month are summarized in Table 1.
Renal failure (glomerular filtration rate <60 mL/min/1.73 m?)
(P =0.017), dialysis (P = 0.001) and smoking (P < 0.001)
were more common in the restenotic group. The most frequent
target vessel was the posterior tibial artery in both groups and
lesion features did not differ between groups. Preinterventional
NLR and CRP levels were significantly higher in the stenotic
group. On multivariate analysis CRP (odds: 0.07, P = 0.02)
and NLR (odds: 0.04, P = 0.03) independently predicted
patency at 1 month [Table 2]. To evaluate the trend for
increase of restenosis rate for increasing NLR and CRP
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Table 1: Clinical characteristics of patients and lesion features with respect to vessel patency at 1 month

Characteristics Infrapopliteal vessel restenosis (7=17), n (%) Patent infrapopliteal vessel (n=77), n (%) P
Age, years 61.3£8.1 62.1£8.6 0.72
Male sex 14 (82.4) 48 (62.3) 0.16
Diabetes 8 (47.1) 38 (48.4) 0.53
BMI (cm?) 22,142 243+4 0.67
Arrhythmia 4(23.5) 17 (22.1) 0.89
Congestive heart failure 2 (11.8) 19 (24.7) 0.24
Coronary artery disease 5(29.4) 33 (42.9) 0.30
CABG or PCI 5(294) 26 (33.8) 0.73
Hypertension 16 (94.1) 66 (87.5) 0.34
Hyperlipidemia 4(23.5) 33 (42.9) 0.14
Renal insufficiency 8(47.1) 15 (19.5) 0.017
Dialysis 5(29.4) 3(3.9) 0.001
Stroke 4(23.5) 9(11.7) 0.20
Current smoker 14 (82.6) 26 (33.8) <0.001
Medication (cilastazol + statin) 87 83 >0.22
Chronic obstructive pulmonary disease 3(17.6) 17 (22.1) 0.68
Clinic presentation

Claudicants 3(17.6) 49 (63.9) 0.001

Critical limb ischemia 14 (82.4) 28 (36.4)
Rutherford category

1 0 709.1) 0.01

2 0 13 (16.9)

3 3(17.6) 29 (30.9)

4 4(23.5) 13 (13.8)

5 10 (58.8) 28 (29.8)

6 0 4(4.3)
Previous higher level revascularisation 3(17.6) 29 (37.9) 0.11
Target artery, n (total)

Anterior tibial 7(27) 31(114) 0.28

Peroneal 427 28 (114)

Posterior tibial 9(27) 32 (114)

Tibioperoneal trunk 7(27) 23 (114)
Lesion length, cm 7+2.1 6.4+3 0.51
Baseline stenosis, % 79+13 75+12 0.21
Total occlusions 3(17.6) 21(27.3) 0.41
Calcification 4(23.5) 19 (24.7) 0.91
Hemoglobin (mg/dL) 14+1.2 13+1.8 0.13
White blood cells (10°/L) 1042 9.8+1.9 0.44
Fasting glocose (g/dl) 173+81 143+64 0.11
NLR 6.0+1.1 2.9+1 <0.001
CRP, mg/L 5.6£2.2 2.0+0.8 <0.001

CABG: Coronary artery bypass graft, CRP: C reactive protein, NLR: Neutrophil-lymphocyte ratio, PCI: Percutaneous coronary intervention, BMI: Body

mass index

Jonckheere-Terpstra test was performed and showed statistical
significance (P <0.001 for both). Seventy-seven patients with
patent vessels were followed up until 6 months and patency
re-evaluated. Patency at 6 months was 62.7% (restenosis in
35 patients). 18 patients developed restenosis after the 1%
month. Patients divided into two groups according to patency at
6 months. Stent was implanted in 7 patients in the whole patient
population. Clinical characteristics of patients and lesion
features with respect to vessel patency at 6 months are presented
in Table 3. Patients with CLI had also higher restenosis rate
at 6 months (P = 0.013). There was no difference between

groups in vessel diameter, baseline stenosis, the prevalence
of chronic occlusion, or extent of lesion calcification.
Coronary artery disease (P = 0.02), smoking (P =0.001), and
CRP levels (P = 0.004) were significantly different between
groups. On multivariate analysis only smoking (odds ratio:
4.8, P=0.01) associated with patency at 6 months [Table 4].

Discussion

This study allowed evaluation the role of system inflammation
on arterial patency rates after successful PTA for IP. The
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findings of the present study show that NLR provides relevant
information regarding the risk of restenosis at 1 month.

Table 2: The predictors of the patency at 1 month in the
multivariable logistic regression analyses

Parameters OR (95% CI) P

Clinic presentation 0.73 (0.03-17.1) 0.84
Current smoker 0.31(0.01-9.9) 0.51
Dialysis 0.02 (0-7.4) 0.21
NLR 0.04 (0.002-0.74) 0.03
CRP 0.07 (0.008-0.70) 0.02

CRP: C reactive protein, NLR: Neutrophil-lymphocyte ratio, OR: Odds
ratio, CI: Confidence interval

Admission NLR was found to be an independent predictor of
early restenosis rate.

Restenosis after IP angioplasty is frequent and not fully
understood. Preprocedural identification of patients who
are likely to benefit from PTA and those who might need
recurrent or a more definitive intervention is crucial for the
management of IP. The occurrence of restenosis during the
wound healing process early after angioplasty would hamper
limb salvage. Most of the data on its pathophysiological
mechanisms come from the experience on coronary
arteries due to their morphological similarities with crural
arteries. Barotraumatic vessel dilatation triggers an intense

Table 3: Clinical characteristics of patients and lesion features with respect to vessel patency at 6 months

Characteristics Infrapopliteal vessel restenosis (7=18), n (%) Patent infrapopliteal vessel (n=59), n (%) P
Age, years 64.3+10 61.4+8 0.22
Male sex 11 (61.1) 37 (62.7) 0.90
Diabetes 11 (61.1) 27 (45.7) 0.25
Arrhythmia 2 (11.1) 15(25.1) 0.20
Congestive heart failure 5(27.8) 14 (23.7) 0.72
Coronary artery disease 12 (66.7) 21 (35.6) 0.02
CABG or PCI 9 (50) 17 (28.8) 0.09
Hypertension 15 (83.3) 51 (86.4) 0.74
Hyperlipidemia 6(33.3) 27 (45.8) 0.35
Renal insufficiency 5(27.8) 10 (16.9) 0.31
Dialysis 1(5.6) 2(3.4) 0.67
Stroke 1(5.6) 8(13.6) 0.35
Current smoker 12 (66.7) 14 (23.7) 0.001
Medication (cilastazol + statin) 87 83 >0.22
Chronic obstructive pulmonary disease 4(22.2) 13 (22) 0.98
Clinic presentation

Claudicants 7(38.9) 42 (71.2) 0.013

Critical limb ischemia 11 (61.1) 17 (28.8)
Rutherford category

1 3(16.7) 4(6.8) 0.11

2 1(5.6) 12 (20.3)

3 10 (55.6) 16 (27.1)

4 1(5.6) 8(13.6)

5 2 (11.1) 16 (27.1)

6 1(5.6) 3(5.1)
Previous higher level revascularization 7 (38.9) 22 (37.3) 0.90
Target artery, n (total)

Anterior tibial 6(22) 25(91) 0.13

Peroneal 7 (22) 21 (91)

Posterior tibial 8(22) 24 (91)

Tibioperoneal trunk 1(22) 21 (91)
Lesion length, cm 6.2£1.7 6.5+£3.3 0.67
Baseline stenosis, % 76+13 75+12 0.60
Total occlusions 7 (38.9) 14 (23.7) 0.20
Calcification 4(22.2) 15 (25.4) 0.78
Hemoglobin (mg/dL) 13.1£2 13.3+1.7 0.69
White blood cells (10%/L) 9.9+2 9.8+2 0.79
Fasting glucose (g/dl) 134+39 146£70 0.47
NLR 3.1+1.1 2.8+0.9 0.36
CRP, mg/L 2.4+0.6 1.9+0.8 0.004

CABG: Coronary artery bypass graft, CRP: C reactive protein, NLR: Neutrophil-lymphocyte ratio, PCI: Percutaneous coronary intervention
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Table 4: The predictors of the patency at 6 months in the
multivariable logistic regression analyses

Parameters OR (95% CI) P

Current smoker 0.21 (0.72-0.059) 0.01
Clinical presentation 2.4 (0.68-8.6) 0.17
Coronary artery disease 2.9(0.81-10.3) 0.09
CRP 0.57 (0.28-1.1) 0.17

CRP: C reactive protein, OR: Odds ratio, CI: Confidence interval

local inflammatory reaction that leads to proliferation and
migration of smooth muscle cells, ending up with neointimal
thickening and restenosis.['” Besides this local vascular
inflammation, the preexisting systemic inflammatory state
also contributes to the restenotic process. The extent of
vascular inflammation in response to PTA was associated
with restenosis risk.l"" Violi et al. reported that increased
levels of inflammatory markers were associated with
poor long-term prognosis in patients with PAD.['?l The
concentrations of inflammatory markers such as CRP,
fibrinogen and some cytokines were found to be higher in
a nonselective PAD patients population with restenosis.!]
However, it remains indeterminate whether these markers
before PTA independently indicates increased risk for
restenosis or causally conduce to its occurrence. Neither of
them is of clinical utility in this context. NLR and CRP are
widely used inflammatory markers reflecting both severity
and extent of PAD.!I'“!S] Higher levels of these markers
long after angioplasty indicates lower arterial patency
rate and support the thesis that systemic inflammation is
involved in the pathogenesis of postangioplasty restenosis.
Neutrophil-derived myeloperoxidase promotes atherogenesis
and neointimal proliferation.['! Relatively low lymphocyte
count is an expected finding in IP since it is more
aggressive atherosclerosis and generates mora pronounced
cortisol-induced stress response. Relative lymphopenia was
independently associated with higher mortality in CLL.!"
Previously, cardiovascular events have been reported to be
associated with inflammatory markers and a less frequent
cardiovascular event has been reported in patients with
hs-crp levels <2 mg/d1.l'%]

NLR accepted as a systemic indicator of vascular
atherosclerotic burden. Preprocedural NRL was shown to
be a powerful and independent predictor of restenosis in
coronary arteries.!'”) Spark et al. prospectively analyzed
149 patients with IP and found that admission NLR
was significantly associated with limb salvage rates and
mortality.[) Furthermore, NLR provides useful information
about postoperative mortality and graft patency after
vascular surgery. Recently, Chan et al. re-evaluated role
of NLR in patients CLI undergoing PTA in a retrospective
fashion and found out that admission NLR was a predictor of
clinical outcomes but did not correlate with patency rates at
1 year.l'”? They both used the same NLR cut-off value (5.25)
for comparison. We also did not find any association between
admission NLR and arterial patency beyond 1 month.

Recent studies have emphasized the weight of IP patency
toward clinical outcomes of IP patients during long-term
follow-up. In a recent study published by Joshi et al. the
authors showed that the presence and extent of acute coronary
arterial occlusion is associated with exacerbated vascular
atherosclerotic inflammation and re-occlusion at 1 month
but not afterward.?” Similarly, Bleda et al. elucidated that
CRP values both on admission and at 1 month representing
the ongoing inflammatory process had a strong association
with 1-year revascularization events, and suggested pre-PTA
CRP levels to determine patients at increased risk for poorer
outcomes after lower extremity endovascular therapy.?!
Based on the findings of the present study, we thought that
vascular inflammatory load might be associated with arterial
patency rates only early after a successful intervention. After
creating and maintaining straight-line blood flow to the
extremities, patient mobility, and limb salvage can occur.
Although local inflammatory reaction at vessel wall increases
early after the intervention, systemic vascular inflammation
would probably subside. None of the inflammatory markers
was independently described as risk factor for restenosis,
6 months after femoral PTA. Similarly, successful lower
extremity angioplasty with the reestablishment of peripheral
arterial perfusion improves systemic vascular endothelial
functions and reduces inflammatory cell counts at 1 month
of follow-up.??! We adopted strict exclusion criteria to avoid
possible confounding factors capable of increasing systemic
inflammatory status such as failure of limb salvage after the
first attempt, amputation or re-intervention. Consistent with
previous studies, patency rate at 6 months was not related
to baseline systemic inflammatory burden in our cohort.
We identified only smoking as an independent predictor
of restenosis at 6 months. Smoking is the major risk factor
associated with the development and progression of the
peripheral arterial disease and vascular inflammatory reaction
induced by smoking may contribute to restenosis process.!)

Our finding that periprocedural NLR predicts early loss
of primary patency also raises the question of whether
anti-restenosis concepts targeting systemic vascular
inflammatory load before the time of intervention could
improve vessel patency after angioplasty.

Some limitations of this study should be taken into
account before reviewing our results. This study represents
single-center experience and lack long-term follow-up data.
Furthermore, the retrospective nature of the investigation is
an inherited weakness. Angiographically verified restenosis of
IP arteries was shown to correlate with IP lesion length in the
literature. Mean lesion length was similar to previous articles
and was 6.5 cm in this study.* However, we did not identify
any lesion characteristics as independent predictors of short
and mid-term. Exclusion criteria, relatively short follow-up
time and design of our investigation may help to explain this
difference. In addition, our study is a cross-sectional study and
studies with more patient populations are required.
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Elevated NLR at the time of IP balloon angioplasty is associated
with significantly decreased arterial patency at 1 month.
Supporting the hypothesis that vascular inflammation is a key
factor in the restenotic process, we identified preprocedural
NLR as an independent risk factor for IP arterial patency at
short-term. Like other studies, inflammatory markers did not
correlate with restenosis on crural arterial territory mid-term.
Hence, preprocedural NLR may also be a risk factor for
subsequent amputation or need for surgical revascularization
early after PTA among patients with IP.
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