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Abstract

Objective: There are no data evaluating the association of neutrophil-to-lymphocyte ratio (NLR) and C-reactive protein (CRP) with
epicardial fat tissue thickness (EFTT) in elderly metabolic syndrome (MS) patients. In this study, we aimed to investigate the rela-
tionship of EFTT with CRP and NLR in patients with MS over 65 years.

Methods: A cross-sectional study was performed. Fifty patients (patient group) with MS and 25 subjects (control group) without
MS were allocated in the study. All parameters were compared in patient and control groups. The correlations between NLR, CRP,
and EFTT were evaluated.

Results: White blood cell and neutrophil levels were higher in MS group (p=0.020 and p=0.019, respectively). Both transverse and
longitudinal EFTT were increased in MS patients (p<0.001). There was a significant correlation between the EFTT and NLR but not
with CRP in the MS group (r=0.4, p=0.003).

Conclusion: Our study showed that both longitudinal and transverse EFTT are associated with NLR in patients older than 65 years
with MS. In geriatric MS patients, higher NLR level may be an indicator of increased visceral fat around the myocardium.
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Introduction active role by its local and paracrine effects. Similarly, EFT
has been shown to be increased in patients with metabolic
syndrome (MS) and obesity compared to the normal pop-
visceral fat tissue surrounding myocardium."*In the devel-  ylation. Therefore, EFT contributes to the development of
opment of atherosclerosis in coronary arteries; EFT playsan  insulin resistance and coronary artery disease by increasing

Epicardial fat tissue (EFT) is considered to be the indicator of
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inflammation in MS patients.”® In some prospective stud-
ies, it has been indicated that high C-reactive protein (CRP)
levels are significant risk factor for the development of
chronic disease such as diabetes or hypertension, which
are known to be components of MS.7#!

There is a significant independent relationship between
inflammation markers such as leucocyte count, neutrophil
count, CRP, interleukin, and TNF-a.”'? In addition, neutro-
phil-to-lymphocyte ratio (NLR) is considered to be a marker
of subclinical inflammation which is associated with mor-
bidity and mortality in diabetic patients.!'"'?

Recent studies indicate to an association between NLR
and MS, subsequently raising question on importance of
inflammatory processes involving EFT and NLR in MS.I'*

There are no studies evaluating the association of NLR and
CRP with EFT in elderly MS patients. In this study, we aimed
to determine the relationship of EFT with CRP and NLR in
patients with MS over 65 years.

Material and Methods

The study was approved by the local ethics committee
(The Ethics Committee of University of Health Sciences
Umraniye Education and Research Hospital, Date:
15.12.2016; Number: B.10.1.TKH.4.34.H.GP.0.01/128) and
performed according to the Declaration of Helsinki prin-
ciples. All subjects gave informed consent. Patients were
recruited among patients admitted to the internal medi-
cine department of University of Health Sciences Umraniye
Education and Research Hospital for general control. A
total number of 75 subjects were included in the study. The
number of the study participants was based on the power
analysis. The patient group was consisted of 50 patients
with MS over 65 years. The control group consisted of 25
healthy hospital staff, was similar in age and gender.

Patients aged 65-80 years diagnosed with MS, who have
normal kidney (GLOMERULAR filtration rate>90 ml/
dk/1.73m?) and liver functions (alanine aminotransferase
<45 U/L and aspartate transferase <34 U/L) and who per-
form regular physical activities and adopt normal lifestyle
were included in the study. Patients with documented dis-
eases involving heart failure, atherosclerotic cardiovascular
disease, structural heart disease, peripheric arteries disease,
liver failure, acute and chronic kidney disease, chronic lung
disease, thromboembolic disease, autoimmune vasculitis,
malignancy, thyroid and autoimmune system, infections,
and chronic usage of anti-inflammatory and/or immune
suppressive medication were excluded from the study.

Height was measured using a stadiometer (Ekoter mechan-
ical stadiometer with scale), while the shoes, socks, and
hats were removed. Weight was measured using a daily

calibrated electronic scale (Ekoter mechanical stadiom-
eter with scale), while the shoes, socks, and heavy gar-
ments were removed. The body mass index (BMI; kg/m?)
was calculated using these measurements. To determine
waist circumference, we located the upper hip bone and
placed a measuring tape at the level of the uppermost part
of the hipbone around the abdomen (ensuring that the
tape measure was horizontal) and estimated at the end of
expiration. The tape measure was snug but did not cause
compressions on the skin. Blood pressure was recorded as
the average of two measurements after subjects had been
sitting for at least 5 min.

MS was diagnosed in the presence of three or more crite-
ria of the National Cholesterol Education Program’s Adult
Panel I11. Waist circumference >102 cm in men or >88 cm
in women; serum level of triglycerides (TGs) of 150 mg/
dL or greater; high-density lipoprotein (HDL) cholesterol
level of <40 mg/dL in men or <50 mg/dL in women; sys-
tolic blood pressure (SBP)/diastolic blood pressure (DBP)
of 130/85 mmHg or greater or taking hypertension med-
ications; or fasting plasma glucose level of 100 mg/dL or
greater or taking diabetes mellitus medications.

Venous samples were taken at the enrolment visit after the
subjects had fasted overnight (at least 8 h). Plasma glucose
was measured using a glucose oxidase method. Calcium,
phosphorus, alanine transaminase, aspartate transami-
nase, gamma glutamyl transferase, alkaline phosphatase,
albumin, serum cholesterol, and TG concentration by enzy-
matic colorimetric test, creatinine by Jaffe method, CRP by
immunoassay, blood urea nitrogen by spectrophotometer,
potassium, sodium, and chlorine level with ion-selective
electrode analysis which was measured with Architect
plus device. Hemogram parameters were measured with
the Mindray MC6800 device by the electrical impedance
method. T2DM was diagnosed according to the criteria
American Diabetes Association.!"!

Transthoracic echocardiographic evaluation was per-
formed according to the recommendations of the
American Society of Echocardiography using the VIVID
S6 (General Electric Vingmed Ultrasound Horten, Norway)
echocardiography device capable of recording standard
two-dimensional and M-mode recording in the overall car-
diology outpatient clinic. During echocardiographic eval-
uation, we measured epicardial fat thickness in the free
wall of the right ventricle from both parasternal long- and
short-axis views. Since the thickness of epicardial fat is not
measured obliquely, we made our measurements in the
longitudinal and transverse axis.'®'® EFTT was measured
from a point perpendicular to the aortic annulus through
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the right ventricular free wall at the end of diastole during
3-4 cardiac cycles.!'

All parameters were compared in two groups and the rela-
tionship between the longitudinal and transverse thick-
nesses of EFT and CRP and NLR was evaluated in both groups.

Statistical Analysis

Data were analyzed using MedCalc Statistical Software
version 12.7.7 (MedCalc Software bvba, Ostend, Belgium;
http://www.medcalc.org; 2013). Data were compared be-
tween two groups using the Student’s t-test for continuous
variables and Chi-square tests for categorical variables. For
correlations, Pearson’s correlation test was used. p<0.05
was considered statistically significant.

Results

The general characteristics of the patients are summarized in
Table 1. Anthropometric measurements such as weight, BMI,
and waist circumference were significantly higher in the MS
group (p=0.008, p=0.001, and p<0.001, respectively). Both

SBP and DBP were statistically higher in MS patients (p=0.007
and p=0.023, respectively). Fasting glucose and TG levels were
higher and HDL levels were lower in MS group (p<0.001).

White blood cell (WBC) and neutrophil levels were higherin
MS group (p=0.020 and p=0.019, respectively). Transverse
and longitudinal EFTT were found to be increased in MS
patients (Table 1) (p<0.001).

Transverse and longitudinal EFTT were higher in women
and DM patients (p<0.05, for both) (Table 2).

The correlations between the EFTT and other parameters are
summarized in Table 3 in whole group. There was a signifi-
cant positive correlation between transverse EFTT and age,
weight, waist circumference, BMI, neutrophil count, NLR, and
CRP. Significant positive correlations were found between
longitudinal EFTT and weight, waist circumference, BMI,
WBC, TG, neutrophil count, NLR, and CRP. There was a nega-
tive correlation between longitudinal EFTT and HDL (Table 3).
Comparisons of correlations between EFTT and CRP, neu-

trophil, and NLR in the patient and control groups are
shown in Table 4. In the MS group, there was a significant

Table 1. Comparison of demographic, anthropometric, and clinical data between the patient and control groups

Patient group Control group p
Age (years) 70.7+5.4 70.2+5.3 0.870
Gender (M [%]/F [%]) 24 (48)/26 (52) 11 (44)/14 (56) 0.743
Weight (kg) 80.6x13.0 71.8+13.4 0.008
Height (cm) 156%10 158+7 0.202
Waist circumference (cm) 108.949.3 97.4+12.4 <0.001
BMI (kg/m?) 33.245.7 28.415.1 0.001
Diabetes mellitus (n [%]) 44 (88) 3(12) <0.001
Hyperlipidemia (n [%]) 36 (72) 16 (64) 0.502
Hypertension (n [%]) 48 (96) 12 (48) <0.001
SBP (mm/Hg) 148.3+22.0 136.3+21.2 0.007
DBP(mm/Hg) 90.4%15.8 84.4+18.3 0.023
WBC (/mm?3) 7.3t1.6 6.4+1.3 0.020
Neutrophil (10 x pL) 4.3%1.2 3.6+1.1 0.019
Lymphocyte (10 x pL) 2.2+0.7 1.9+0.5 0.057
NLR 2.139+0.9 2.0£0.7 0.544
Hemoglobin (gr/dl) 12.8+1.4 13.310.8 0.184
Glucose (mg/dL) 139.2+60.6 99.6+16.2 <0.001
TG (mg/dL) 174.077.5 104.8+35.6 <0.001
CRP (mg/dL) 0.440.3 0.4+0.6 0.156
EFTT longitudinal (mm) 5.9+1.7 4.1+1.5 <0.001
EFTT transverse (mm) 5.2+1.6 3.7+1.4 <0.001

BMI: Body mass index, CRP: C-reactive protein; DBP: Diastolic blood pressure; EFTT: Epicardial fat tissue thickness; NLR: Neutrophil-to-lymphocyte ratio; SBP:

Systolic blood pressure; TG: Triglyceride, WBC:White blood cell.
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Table 2. Comparison of the mean values of EFTT according to gender, diabetes, hypertension, family history, and smoking

Transverse p Longitudinal p
EFTT(mm) EFTT (mm)
Female 5.3+1.8 0.005 4.9+1.7 0.036
Male 42+1.4 5.9+2
DM (+) 5.2+1.7 0.002 5.9+1.8 0.001
DM (-) 4.0+1.5 4.4+1.8
HL (+) 4.7+1.6 0.671 5.4+1.9 0.745
HL (-) 5.042.0 5.4+1.9
HT (+) 4.8+1.8 0.292 5.4+1.9 0.766
HT (-) 43415 5.2+41.9
Smoking (+) 4.4+1.9 0.486 4.642.3 0.163
Smoking (-) 4.8+1.7 5.5+1.8
Family history (+) 5.0+1.7 0.308 5.8+1.8 0.059
Family history (-) 4.5+1.7 5.0+1.9

DM: Diabetes mellitus; HL: Hyperlipidemia; HT: Hypertension; EFTT: Epicardial fat tissue thickness.

Table 3. The correlations between the EFTT and other parameters

Transverse EFTT

Longitudinal EFTT

r p r p
Age 0.794 <0.001 -0.001 0.992
Weight 0.273 0.018 0.291 0.011
Height 0.007 0.953 -0.049 0.673
Waist circumference 0.269 0.019 0.364 0.001
BMI 0.248 0.032 0.343 <0.001
SBP 0.109 0.354 0.007 0.952
DBP 0.009 0.941 -0.033 0.777
WBC 0.218 0.060 0.214 0.065
Neutrophil 0.375 0.001 0.393 <0.001
Lymphocyte -0.056 0.633 -0.073 0.532
NLR 0.374 0.001 0.371 0.001
FBG 0.318 0.005 0.311 0.007
TG 0.161 0.168 0.270 0.019
HDL -0.215 0.083 -0.238 0.040
CRP 0.327 0.004 0.360 0.002

BMI: Body mass index; CRP: C-reactive protein; DBP: Diastolic blood pressure; EFTT: Epicardial fat tissue thickness; FBG: Fasting blood glucose; NLR: Neutrophil-
to-lymphocyte ratio; SBP: Systolic blood pressure; TG: Triglyceride, WBC:White blood cell.

correlation between the longitudinal and transverse EFTT
and neutrophil and NLR but not in the control group. In the
control group, there was a significant positive correlation
between longitudinal EFTT and CRP (Table 4).

Discussion

In this study, we found that there is a positive relationship
between EFTT and NLR in MS patients over 65 years. No

significant relationship was observed between EFTT and
CRP. Both longitudinal and transverse EFTT are increased in
MS patients over 65 years of age.

The MS has become an important health problem in
the 21t century with the increase in the average age
of the world population.?” Three large meta-analyzes
reported a 2-fold increase in cardiovascular mortality,
myocardial infarction, and stroke risk in patients with MS
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Table 4. The relationship between EFTT and CRP, neutrophil, NLR in the patient and control groups

Group Transverse EFTT Longitudinal EFTT

r p r p
CRP (mg/dL) Patient group 0.198 0.169 0.226 0.114
Control group 0.304 0.139 0.441 0.028
Neutrophil (10 x pL) Patient group 0.279 0.049 0.368 0.009
Control group 0.305 0.139 0.236 0.257
NLR Patient group 0.406 0.003 0.416 0.003
Control group 0.265 0.201 0.205 0.327

CRP: C-reactive protein; EFTT: Epicardial fat tissue thickness; NLR: Neutrophil-to-lymphocyte ratio.

and a 1.5-fold increase in all-cause mortality." It is also
thought that MS has increased the risk of frailty in the
elderly.l2?

Along with aging, there is a decrease in muscle mass and
an increase in abdominal fat mass. EFT is closely related
to intra-abdominal fat tissue as a predictor of whole-body
visceral fat. In addition, there is a significant correlation
between transthoracic echocardiographic measurements
of EFT and intra-abdominal fat measured by MR.=*! Because
EFT is not affected by subcutaneous fat tissue, it is consid-
ered to be a good indicator of metabolic and cardiovascu-
lar risk associated with visceral fat."

In a recent study, investigator showed that EFTT was higher in
geriatric patients with MS. This has led to an increased interest
in epicardial adipose tissue thickness. In the literature, an EFTT
cutoff value for predicting MS in the geriatric patient group
has not been established. In a study involving patients aged
22-65 years in Venezuela, it found that an EFTT level >5 mm
showed high sensitivity and specificity in predicting MS.
In a study conducted in geriatric patients in Turkey; it has
been shown that an EFTT level above 7.3 mm is indicative of
MS with a sensitivity of 96.7%.2* In this study by Kaya et al.,,
EFTT was found to be an independent factor for MS in geriat-
ric patients.”! In our study, both longitudinal and transverse
measurements of EFTT were found to be higher in patients
with MS older than 65 years. Our results were in concordance
with the study conducted by Kaya et al.>”! In the present study
revealed that geriatric patients with MS had higher EFFT mea-
sured transversely and longitudinally. In addition, our study
provided important new information and data revealing the
cutoff levels of EFTT in geriatric patients with MS. We think that
echocardiographic epicardial adipose tissue can be applied as
an easy and reliable imaging indicator of cardiovascular risk.

In our study, mean EFTT values were 5.9 mm (transverse)
and 5.2 mm (longitudinal) in MS group. We found a cutoff

point of 3.6 mm for transverse EFTT and 5.2 mm for longitu-
dinal EFTT in predicting MS using ROC curves, but we could
not define a cutoff point for NLR. Especially patients with
diabetes mellitus had higher EFTT values.

The previous studies have reported a relationship between
EFTT and MS and cardiovascular risk factors.?>?”! Epicardial
adipose tissue is metabolically active and secretes some
adipokines and inflammatory cytokines.282°)

WBC count and CRP are independent predictors of all-
cause mortality and cardiovascular mortality. In recent
years, an index that reflects both increase in neutrophil
count demonstrating acute state of inflammation, and the
lymphopenia occurs after acute physiological stress has
begun to be used.B” This index, called NLR, was used in
studies with other inflammatory markers and was found to
be a good indicator of inflammatory status. NLR has been
described as a potential systemic inflammatory marker.
NLR has been shown to be an independent prognostic
factor for several cancers and cardiovascular diseases.?'
Besides; NLR is associated with morbidity and mortality
in diabetics.'" In addition, it is correlated with MS among
Asian Indians."™® NLR is inexpensive, easy to reach, and cal-
culate. It is obtained from complete blood count.** Shiny
et al. reported that NLR is related with glucose intolerance
and insulin resistance and can be helpful in determining
micro- and macrovascular complications in patients with
glucose intolerance.® In this study, WBC and neutrophil
levels were significantly higher in the MS group and this
difference was not observed for CRP. Correlation analysis
showed a moderate positive correlation between EFTT and
NLR in the MS group indicating that NLR may be a good
indicator of visceral fat tissue surrounding myocardium in
the elderly.

Jung et al.®% investigated the correlation between WBC
count and MS in Korean and in normal WBC cases and
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without significant medical iliness history, BMI and TG were
significantly associated with WBC levels. They were also
found to be the earliest components of MS in postmeno-
pausal women and men. In a study of Mazidi et al, CRP
levels in MS patients were significantly higher. However, in
our study, CRP levels were not different from those without
MS‘[37]

Our findings support that the increase in EFT may be asso-
ciated with an increase in systemic inflammatory burden,
and that these parameters may be used as MS markers.

Conclusion

Our study showed that both longitudinal and transverse
EFTT are associated with NLR in patients older than 65
years with MS. In the MS patients older than 65 years, NLR is
closely related to EFT. In older MS patients, higher NLR level
may be a good indicator of increased visceral fat around
the myocardium. There is no association between CRP and
EFTT in patients older than 65 years with MS.These findings
suggest that NLR is a better predictor of EFTT compared to
CRP in older MS patients.
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