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EVALUATION OF EPICARDIAL FAT AND
CAROTID AND FEMORAL INTIMA-MEDIA
THICKNESSES IN GERIATRIC PATIENTS WITH
END-STAGE RENAL DISEASE

ABSTRACT
Introduction: Although atherosclerotic cardiovascular diseases and cardiovascular risks are known to increase in patients with end-stage renal disease, it is not
clear whether these risks increase in the geriatric patient population as well. This
study aims to evaluate these risks in geriatric patients with end-stage renal disease
by evaluating epicardial fat and carotid and femoral intima-media thicknesses,
known as markers, for subclinical atherosclerosis and cardiovascular risks.
Materials and Methods: This cross-sectional study included 52 patients who
started to receive chronic hemodialysis treatment after the age of 65 years (mean
age 73.92±5.63) years with end-stage renal failure and 51 healthy volunteers
(mean age: 74.49±4.63 years). Epicardial fat and carotid and femoral intima-media
thicknesses were measured and compared between these groups.
Results: Carotid intima-media and epicardial fat thicknesses were significantly
higher in the patient group than in the control group (0.91±0.08 vs. 0.71±0.1
mm, p<0.001 and 0.84±0.17 vs. 0.75±0.17 cm, p=0.01, respectively). However, no
significant difference was observed in femoral intima-media thickness between the
two groups (0.58±0.07 vs. 0.56±0.97 mm, p=0.266). Correlation analysis revealed
a significant positive correlation between the duration of dialysis and epicardial
fat and carotid intima-media thicknesses (r=0.611, p<0.001 and r=0.337, p=0.015,
respectively). Furthermore, regression analysis revealed a significant relationship
between the duration of dialysis and carotid intima-media thickness (β=0.657,
p=0.001).
Conclusion: Epicardial fat and carotid intima-media thicknesses increase in
geriatric patients with end-stage renal disease but with no significant changes
in femoral intima-media thickness, indirectly suggesting that subclinical
atherosclerosis and cardiovascular risks are increased in these patients.
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INTRODUCTION
Chronic renal failure has recently become a common public health problem in the elderly population (1). Despite diagnostic and therapeutic
advancements, the number of patients with endstage renal disease (ESRD) requiring renal replacement therapy is increasing every year. Therapeutic advancements and prolonged patient survival
cause an increase in geriatric population in this patient group (2-3). Cardiovascular diseases are the
most important cause of mortality and morbidity
in patients with ESRD. The most common group
of cardiovascular diseases observed in this patient
group is atherosclerotic cardiovascular diseases
(ASCVD) (4).
The epicardial adipose tissue is the adipose
tissue found between the visceral pericardial layer of the heart and myocardium. The success of
using the thickness of this tissue for determining
cardiovascular risks has been demonstrated in
many studies (5). Similarly, carotid intima-media
thickness (CIMT) and femoral intima-media thickness (FIMT) are parameters that demonstrate the
risk of subclinical atherosclerosis and successfully
predict the risk of cardiovascular events in many
studies (6-7).
Although the risk of ASCVD is increased in all
patients with ESRD, it is not clear how this risk occurs in geriatric patients. Therefore, this study aims
to evaluate the risks of subclinical atherosclerosis
and cardiovascular events in geriatric patients with
ESRD by evaluating epicardial fat thickness (EFT),
CIMT and FIMT, which are considered to be the
predictors of these risks.
MATERIAL AND METHODS
The study was designed as a cross-sectional study.
The records of patients receiving chronic hemodialysis treatment at the outpatient clinic of hospital
were examined. A total of 52 patients who started
to receive chronic hemodialysis treatment after the
age of 65 years and 51 healthy volunteers (control

group) with similar demographic characteristics
were included. The healthy participants had normal findings in treadmill test, myocardial perfusion
scintigraphy, and coronary computed tomography
(CT) that were conducted in the last one-year.
Exclusion criteria: Patients <65 years of age;
those with known ASCVD (coronary artery disease, previous cerebrovascular event, or peripheral artery disease), patients who started to receive
chronic hemodialysis treatment before the age of
65 years, hypertension, diabetes mellitus, known
malignancy, chronic liver disease, connective tissue
disease, hypothyroidism, hyperthyroidism, chronic
steroid use, severe heart-valve disease or heart
failure, history of heart surgery or smoking, familial hyperlipidemia, autoimmune disease, chronic
renal failure and receiving peritoneal dialysis, and
previous renal transplantation; or those with insufficient image quality or refusal to participate in the
study were not included.
The participants in the patient group were diagnosed with chronic renal failure by a nephrologist
according to the guidelines (8). Standard 2-dimensional (2D) echocardiography was performed by a
cardiologist, and EFT was measured and recorded.
CIMT and FIMT measurements were performed by
radiologists. The selection of the patients and control group individuals was conducted by a nephrologist. Cardiologist and radiologist who measured
EFT, CIMT and FIMT were blinded to the study.
Baseline demographic, anthropometric, and
laboratory values of the participants in both
groups were measured and recorded. EFT, CIMT
and FIMT were recorded, and the differences between the two groups were evaluated for statistical
significance.
Routine 2D echocardiography, conventional
spectral Doppler ultrasonography, and epicardial
fat thickness data
A Philips EPIQ 7 (Seattle, U.S.A) ultrasound system and Philips X5-1 (Seattle, U.S.A) probe (broadband transducer) were used for echocardiographic
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evaluations. The evaluations were performed using
standard 2D and Doppler evaluations according to
the recommendations of the American Society of
Echocardiography and European Association of
Cardiovascular Imaging. The ejection fraction (EF)
was calculated using the modified Simpson method (9).
EFT is defined as the echo-free area between
the free wall of the myocardium and the visceral
layer of the pericardium. In this study, EFT was

measured in the parasternal long-axis imaging at
the end of the diastole and at three cardiac beats,
perpendicular to the right ventricular free wall (Figure-1A) (10).
Carotid and femoral ultrasonography
A Siemens Acuson S1000 (Erlangen, Germany)
ultrasound system and Siemens 9L4 (Erlangen,
Germany) probe (broadband transducer) were
used for ultrasonographic evaluations. CIMT was
manually measured from the far walls of left and/or

Figure 1. Measurements of epicardial fat thickness on the free wall of the right ventricle from the parasternal long-axis views
(A) and carotid (B) and femoral (C) intima-media thicknesses at the far wall of common carotid/femoral arteries.

Figure 2. Comparison of carotid and femoral intima-media
and epicardial fat thickness measurements between the
groups.

right common carotid arteries (opposite side of arteriyovenous dialysis fistula for patient group, both
side for control group), at a region 10 mm proximal to the carotid bifurcation. Measurements were
conducted on B-mode duplex ultrasound in a longitudinal plane. CIMT was measured on this image
at three adjacent sites, 1 mm apart (Figure-1B). In
addition, on B-mode duplex ultrasound, the mean
FIMT at the far wall of the left or right common
femoral arteries (opposite side of arteriyovenous
dialysis fistula for patient group, both side for control group), was manually measured manually at
three adjacent sites, 1 mm apart (Figure-1C).
The study was conducted in accordance with
the criteria of the Helsinki Declaration, and approval was obtained from the local ethics committee (KA19/259). After providing detailed information about the study, written informed consent was
obtained from all participants.
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Figure 3. Correlation analyses between carotid intima-media and epicardial fat thicknesses and the duration of dialysis.

Statistical analyses
All parameters were evaluated using SPSS software (SPSS version 21.0; SPSS Inc., Chicago, IL,
USA). Continuous variables were tested for normal
distribution using Kolmogorov–Smirnov test. The
results, including normally distributed variables,
were expressed as mean ± standard deviation;
whereas on-normally distributed variables were
expressed as medians and interquartile ranges.
Categorical variables were shown as absolute
values and percentages. Independent sample
t-test was used to compare the two groups with
respect to the variables with normal distribution
and homogeneous group variance. The variables
that showed a non-homogenous distribution were
compared using the Mann–Whitney U-test. Categorical variables, such as clinical characteristics, of
the groups were compared using the chi-square
test. Spearman’s or Pearson correlation tests were
used to determine the degrees of association between continuous variables. Independent determinants of variables were determined using standard
multiple linear regression analysis.

RESULTS
A total of 103 individuals, including 52 patients
with ESRD (mean age: 73.92±5.63 years) and 51
healthy volunteers (mean age: 74.49±4.63 years),
were included in this study. There was no statistically significant difference between patient and
control groups in terms of baseline clinical characteristics (p>0.05). The clinical characteristics of
both groups are shown in Table I.
Both CIMT and EFT were significantly higher in
patient group than in the control group (0.91±0.08
vs. 0.71±0.1 mm, p<0.001 and 0.84±0.17 vs.
0.75±0.17 cm, p=0.01, respectively). However, there
was no significant difference in FIMT between the
two groups (0.58±0.07 vs. 0.56±0.97 mm, p=266).
Figure-2 shows the comparison of CIMT, FIMT and
EFT measurements between the groups.
Table II shows the results of correlation analyses
and linear regression analysis between age, body
mass index, systolic blood pressure, diastolic blood
pressure, fasting plasma glucose, EF, duration of
dialysis, low-density lipoprotein (LDL), high-den-
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Table 1. Baseline clinical characteristics of the study population.
Patients (n=52)

Control (n=51)

p

73.92±5.63

74.49±4.63

0.579

Sex, female gender, n (%)

23 (44.23)

19 (37.25)

0.471

Body mass index (kg/m2)

23.35±2.58

23.49±2.28

0.779

Hemoglobin (gr/dL)

11.19±0.99

11.47±0.87

0.144

White blood cell (/mm3)

7931±1131

7841±1061

0.678

310 (IQR=53)

315 (IQR=46)

0.229

136.15±2.87

136.24±2.77

0.884

3.94±0.34

3.9±0.27

0.553

EF (%)

55.33±2.94

55.08±1.92

0.613

LDL (mg/dL)

131.19±9.4

131,65±10.17

0.814

HDL (mg/dL)

42.23±3.64

41.45±3.83

0.292

Triglyceride (mg/dL)

148 (IQR=60)

141 (IQR=56)

0.157

SBP (mmHg)

130.08±12.13

127.25±11.71

0.233

DBP (mmHg)

65±6.1

62.84±7.76

0.121

2.76±1.18

2.6±1.09

0.474

Heart rate (beat/min)

78.83±9.84

75.55±10.26

0.101

ALT (U/L)

31.17±4.84

30.69±4.87

0.612

102.58±9.34

101.92±9.67

0.727

Age (years)

Platelets (100/mm3)
Na (mmol/L)
K (mmol/L)

CRP (mg/L)

FPG (mg/dL)

ALT: Alanine aminotransferase, CRP: C-reactive protein, DBP: Diastolic blood pressure, EF: Ejection fraction, FPG: Fasting plasma glucose, HDL: High
density lipoprotein, IQR: Interquartile range, K: Potassium, LDL: Light density lipoprotein, Na: Sodium, NA: Non available, SBP: Systolic blood pressure.

sity lipoprotein, triglyceride, hemoglobin, C-reactive protein, and CIMT and EFT measurements.
Correlation analysis showed a statistically significant positive correlation between the duration of
dialysis and CIMT and EFT, as shown in Figure-3
(r=0.611, p<0.001 and r=0.337, p=0.015, respectively). No significant correlation was observed between other variables. Moreover, in multiple linear
regression analysis, there was a statistically significant relationship between the duration of dialysis
and CIMT (β = 0.657, p=0.001). No significant relationship was found between other variables.
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DISCUSSION
This is the first study that evaluates CIMT, FIMT and
EFT in geriatric patients ESRD. Our study demonstrated that EFT and CIMT were significantly higher
in the patient group than in the control group; however, there was no statistically significant difference
between the two groups in terms of FIMT, suggesting indirect cardiovascular risks may be higher in
geriatric patients with ESRD. However, the development of atherosclerosis in carotid arteries may
occur earlier than the development of atherosclerosis in femoral arteries in this patient group.
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Table 2. Correlation and multiple linear regression analysis of epicardial fat and carotid intima media thicknesses and various
clinical variables.
Correlation analysis
EFT
Variables

Multiple linear regression analysis

CIMT

EFT

CIMT

r

p

r

p

β

p

β

p

Age

-0.148

0.296

0.103

0.469

-0.038

0.784

0.027

0.851

BMI

0.075

0.595

-0.14

0.324

0.076

0.611

-0.085

0.571

SBP

0.215

0.126

-0.087

0.538

0.124

0.557

-0.113

0.59

DBP

0.194

0.168

-0.041

0.771

0.052

0.805

-0.007

0.975

FPG

0.116

0.413

0.241

0.085

0.08

0.589

0.264

0.075

EF

0.139

0.325

-0.142

0.315

0.019

0.911

-0.016

0.926

DD

0.337

0.015

0.611

<0.001

0.32

0.072

0.657

0.001

LDL

0.165

0.243

-0.105

0.458

0.106

0.488

-0.061

0.689

HDL

0.257

0.066

0.23

0.101

0.097

0.643

0.175

0.409

TRG

0.054

0.702

0.041

0.775

0.109

0.385

0.012

0.923

Hb

0.094

0.507

-0.07

0.624

0.094

0.507

-0.493

0.624

CRP

0.225

0.108

-0.054

0.704

0.225

0.108

-0.054

0.704

BMI: Body mass index, CRP: C-Reactive protein, DBP: Diastolic blood pressure, DD: Duration of dialysis, EF: Ejection fraction, FPG: Fasting plasma
glucose, Hb: Hemoglobin, HDL: High density lipoprotein, LDL: Light density lipoprotein, SBP: Systolic blood pressure, TRG: Triglyceride.

It has been known for many years that cardiovascular risk is increased in patients with chronic
renal failure (11). In recent years, in addition to
traditional risk factors, impaired renal function is
considered to be a risk factor for coronary artery
disease and cardiovascular event development
(12). However, it is not clear why cardiovascular
risks increase in patients with renal failure. Chronic
inflammation, oxidative stress, and increased angiogenesis could be the reason for the increased
risk of atherosclerosis in these patients (12). A
study showed that proinflammatory cytokines are
released more than epicardial fat tissue in patients
with coronary artery disease (13). Many studies
have demonstrated an increase in EFT in patients
with ESRD (14-15). The cytokines released from
the epicardial adipose tissue directly adjacent to
the coronary arteries in the epicardial region may

cause an increased risk of atherosclerosis and thus
an increased risk of cardiovascular events. Oxidative stress is another mechanism responsible for
increased risk other than infiltration. Previous studies have shown a positive correlation between EFT
and serum oxidant content and a negative correlation with anti oxidant content (16-17).
Echocardiography, CT, and magnetic resonance
imaging (MRI) are three different imaging methods
that can be used to measure epicardial adipose
tissue thickness. Each of the three imaging methods has its advantages and disadvantages. Among
these methods, echocardiography is the most preferred method because it is economical and easily
accessible and does not use radiation. The disadvantage, however, is that it is operator-dependent
and allows only 2D evaluation. Moreover, it is impossible to obtain a healthy echocardiographic
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evaluation in obese people and individuals with
poor image quality (10,15,18). MRI is the gold standard method for the evaluation of epicardial fat.
The advantages include the measurement of total
adipose tissue, absence of radiation, and use of
contrast media. The disadvantages are that it is expensive, not easily accessible, and cannot be used
in patients with cardiac devices and implants. The
advantages of CT, with high sensitivity and specificity in epicardial adipose tissue measurement, include allowing the measurement of total adipose
tissue and a direct assessment of cardiovascular
risk by calculating coronary calcium score. The
main disadvantage is the use of radiation as well as
nephrotoxic contrast agents in its application (18).
CIMT is another marker showing the risk of
subclinical atherosclerosis. Its success in predicting cardiovascular events has been demonstrated
by many studies (6). There are many mechanisms
responsible for increasing the risk of atherosclerosis in ESRD, such as sharing the same risk factors,
increased inflammation, renin–angiotensin and
over-activation of the sympathetic system, and
degradation of LDL oxidation (19).
Although MRI and CT can be used to evaluate
carotid plaques and intima-media, ultrasonography is the most commonly used diagnostic method, which is considered to be a low-cost, noninvasive, and easily applicable imaging method.
Carotid MRI, which has higher reproducibility than
ultrasonography, has several disadvantages because it is expensive to conduct and not easily applicable. A good correlation has been shown between MRI and ultrasonography in the evaluation
of wall area, thickness, and plaque index (20). CT is
not a frequently preferred method for the evaluation of carotid plaque and intima media due to its
in adequacy in evaluating dense calcified plaques
and calcified plaques, low transfer of contrast media to lipid and fibrotic tissues, the presence of
radiation, and use of contrast media. However, a
study has shown that CIMT and carotid plaques
can be evaluated using multi-detector row CT an-

48

giography (21).
Different risk factors affecting the development
of atherosclerosis may have different effects on different artery segments. For example, a study has
shown that smoking and diabetes are more effective than other risk factors in the development of
femoral atherosclerosis (22). In another study, hyperlipidemia and high blood pressure were found
to be more associated with femoral atherosclerosis
than with other risk factors (23). According to the
results of our study, the development of femoral
atherosclerosis in geriatric patients with ESRD may
start later. Long-term prospective studies with
more patients may be needed to evaluate this
clearly.
Study limitations
This was a cross-sectional study, and therefore
long-term results are currently unknown. Moreover, it was a single-centered study, with a relatively small number of patients; therefore, the study
results should be confirmed with more patients
and multi-centered studies. The epicardial adipose tissue was evaluated using 2D echocardiography; therefore, evaluation of total epicardial fat
volume was not possible; however, studies have
shown that 2D measurement in front of the right
ventricle correlates with the total fat volume (10).
In our study, although the operators performing
ultrasonographic evaluations blindly evaluated
the patient and control groups, the fact that these
measurements are operator-dependent is another
limitation of this study.
CONCLUSION
EFT and CIMT are significantly higher in geriatric patients with ESRD than in the control group.
Therefore, cardiovascular risks may be higher in
this patient group. However, no significant difference was observed between the two groups in
terms of FIMT, suggesting that femoral atherosclerosis may develop later in patients with geriatric
ESRD.
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