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Background: Epicardial adipose tissue is an emerging cardio metabolic risk factor. Although an association between

epicardial fat thickness (EFT) and left ventricle (LV) hypertrophy in hypertensive patients is known, the relationship

between abnormal LV geometric patterns and EFT has yet to be investigated. The aim of the present study was to

investigate the relationship between EFT and abnormal LV geometric patterns in hypertensive patients.

Methods: Measurements were obtained from 343 patients with untreated essential hypertension (mean age 51.6

� 5.5 years) and 52 healthy control subjects (mean age 51.8 � 4.5 years). Four different geometric patterns (NG;

normal geometry, CR; concentric remodeling, EH; eccentric hypertrophy, and CH; concentric hypertrophy) were

determined according to LV mass index (LVMI) and relative wall thickness (RWt). EFT was measured using transthoracic

echocardiography. High sensitive C-reactive protein (hs-CRP) and other biochemical markers were measured in all

participants.

Results: The highest EFT and hs-CRP values were determined in the CH group (EFT = 8.9 � 2.1 mm) compared with

the controls (EFT = 5.7 � 1.5 mm), followed by the NG (EFT = 5.9 � 1.6 mm), CR (EFT = 5.9 � 1.3 mm) and EH groups

(EFT = 6.5 � 1.6 mm) (all p < 0.05). In addition, the EFT values of the EH group were higher than the control, NG and

CR groups (all p < 0.05). Multivariate linear regression analysis showed that EFT was independently associated with

LV geometry (� = 0.161, p = 0.032), total cholesterol level (� = -0.129, p = 0.003), triglyceride level (� = 0.266, p <

0.001), hs-CRP level (� = 0.349, p < 0.001), and creatinine level (� = 0.108, p = 0.010).

Conclusions: EFT is independently associated with abnormal LV geometry, LV hypertrophy, creatinine level, and

low grade chronic inflammation.
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INTRODUCTION

Epicardial adipose tissue (EAT) is the large visceral

fat storage located between the epicardium and pericar-

dium and around the large coronary arteries.1 It has been

reported that adipose tissue has important active endo-

crine and paracrine effects which contribute to the pa-

thogenic mechanism of atherogenesis via cytokines.2 EAT

volume has been shown to be independently associated

with TIMI risk score in patients with non-ST elevation

myocardial infarction and unstable coronary artery dis-

ease.3 EAT may therefore serve as a simple tool to pre-

dict cardiometabolic risk because of its relationships with

metabolic syndrome, coronary artery disease, subclinical

atherosclerosis and hypertension, and its thickness can

easily and accurately be measured using echocardiogra-

phy.4,5

An association between epicardial fat thickness (EFT)
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and hypertension has been shown in previous studies.5-11

In addition, several previous studies have reported that

EFT is associated with left ventricle hypertrophy (LVH) in

hypertensive patients.12,13 In a recent study by Alp et al.,

the authors demonstrated that EFT was a predictor of

concentric hypertrophy in obese children, however they

did not observe any statistically significant differences

between hypertensive and normotensive patients. De-

spite these findings, data on the relationship between

EFT and abnormal left ventricular (LV) geometric pat-

terns such as normal geometry (NG), concentric remod-

eling (CR) and hypertrophic geometric patterns [eccen-

tric hypertrophy (EH) and concentric hypertrophy (CH)]

in hypertensive adults are lacking.14 Previous studies

have demonstrated that abnormal LV geometric pat-

terns are associated with a greater risk of hypertensive

complications.15-17 The goal of the present study was to

investigate the relationship between EFT and abnormal

LV geometric patterns in hypertensive patients.

METHODS

Measurements were obtained from 343 patients

with newly diagnosed essential hypertension (mean age

51.6 � 5.5 years) and 52 control subjects (mean age 51.8

� 4.6 years). All of the patients were consecutively en-

rolled from the Hypertension Outpatient Clinic admis-

sions in Adana Numune Training and Research Hospital.

After a 15-minute rest, the blood pressure readings of

the participants were recorded. The participants were

asked to avoid caffeinated drinks, alcohol, tobacco pro-

ducts, and heavy workout for 30 minutes before the

measurements. Their blood pressure was measured in

their unclothed right arm while the individual was sit-

ting. A sphygmomanometer and stethoscope were used

to measure systolic blood pressure (SBP) and diastolic

blood pressure (DBP). Hypertensive patients were de-

fined as those with three clinic blood pressure measure-

ments of > 140/90 mmHg taken at 1-week intervals in

the absence of any previous anti-hypertensive treatment

to exclude the pharmacological effects on hemodyna-

mics or ventricular hypertrophy and function. The pa-

tients were classified into four different geometric pat-

tern groups (NG, CR, EH and CH) according to their LV

mass index (LVMI) and relative wall thickness (RWt). The

control group was completely healthy and had multiple

blood pressure measurements all < 140/90 mmHg, and

they were age- and gender-matched to the hypertensive

patients.

The exclusion criteria were secondary hypertension,

heart failure, positive history or clinical signs of ischae-

mic heart disease, positive stress test and myocardial

perfusion scintigraphy, cerebrovascular disease, severe

valvular heart disease, atrial fibrillation, usage of any

drugs, severe renal insufficiency (serum creatinine: �

1.5 mg/dl in men and � 1.4 mg/dl in women), major

non-cardiovascular diseases and known diabetes or fast-

ing glucose level � 126 mg/dl. The Local Ethics Commit-

tee assessed and approved this study, and written in-

formed consent for participation in the study was ob-

tained from all participants.

Blood pressure was measured using a mercury sphy-

gmomanometer. Body mass index (BMI) was calculated

as the weight divided by height squared (kg/m2). Body

surface area of all subjects was calculated in m2. Blood

samples were drawn in the morning after a 20-minute

rest following a fasting period of 12 hours. Plasma uric

acid, triglycerides, total cholesterol, low-density lipopro-

tein (LDL), high-density lipoprotein (HDL), and fasting

glucose were measured using an automated analyzer

(Aeroset, Abbott, Abbott Park, IL, USA) with commercial

kits (Abbott). High sensitive C-reactive protein (hs-CRP)

was measured using an autoanalyzer (Aeroset) with a

commercial spectrophotometric kit (Scil Diagnostics

GmbH, Viernheim, Germany).

Echocardiography

Standard two-dimensional and Doppler echocardio-

graphy was performed using a commercially available

echocardiographic machine (Vivid 7R GE Medical Sys-

tems, Horten, Norway) with a 2.5-3.5 MHz transducer.

Measurements were made during normal breathing at

end expiration. LV end-systolic diameter, LV end-diastolic

diameter (LVEDD), end-diastolic interventricular septal

thickness (IVSth) and end-diastolic LV posterior wall

thickness (PWth) were measured at end-diastole ac-

cording to the established standards of the American

Society of Echocardiography.18 LV ejection fraction (EF)

was determined according to the biplane Simpson’s

method.

Left ventricular mass (LVM) was calculated using the
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Devereux formula: LVM = (1.04[(LVEDD + IVSth + PWth)3

– (LVEDD)3] – 13.6).19 LVMI was calculated using the fol-

lowing formula: LVM/body surface area. LVH was de-

fined according to more stringent criteria as LVMI values

exceeding 125 g/m2 in men and 110 g/m2 in women.20

RWt was measured at end diastole as the ratio of (2 � LV

posterior wall thickness)/LVEDD. Increased relative wall

thickness (RWT) was defined as � 0.45.16

LV geometric patterns

Geometric patterns were based on the upper nor-

mal limits for LVMI and RWT: (1) normal geometry (NG;

normal LVMI and normal RWT); (2) concentric remodel-

ing (CR: normal LVMI and increased RWT); (3) concentric

hypertrophy (CH; increased LVMI and increased RWT);

and (4) eccentric hypertrophy (EH; increased LVMI and

normal RWT).3

Measurement of EFT

Standard parasternal long-axis and short-axis views

from 2-dimensional images were used to measure EFT

on the right ventricle in individuals placed in the left lat-

eral decubitus position. Images from standard paraster-

nal long- and short-axis views were digitally stored and

reviewed by a single echocardiologist blinded to the cli-

nical data in Adana Numune Training and Research Hos-

pital. Echocardiographically, EFT is generally identified

as the relatively echo free space between the outer wall

of the myocardium and the visceral layer of pericar-

dium, with its thickness being measured perpendicularly

on the free wall of the right ventricle at end systole in

three cardiac cycles21 (Figure 1). The average value of

three cardiac cycles from each echocardiographic view

was determined. EFT in 45 randomly selected subjects

was re-measured by the same echocardiologist 1 week

later. Inter-observer variability was assessed by calculat-

ing the coefficient of variation, which was < 7% for all

measurements. Any discrepancy was resolved by con-

sensus. The coefficient of intra-observer variation was

2.1%.

Statistical analysis

All analyses were conducted using SPSS version 17.0

(SPSS for Windows 17.0, Chicago, IL). The distribution of

continuous variables was assessed using the one-sample

Kolmogorov Smirnov test. Comparisons of categorical

variables between groups were performed using the

chi-square test. Comparisons among multiple groups

(controls and patients according to LV geometric pat-

tern) were performed using one-way analysis of vari-

ance (ANOVA) with Tukey’s post hoc test for continuous

variables. An overall significance level 0.05 was consid-

ered in post hoc comparisons (Table 1 and 2), and for

simplicity p < 0.05 was defined as being statistically sig-

nificant. Correlations between EFT and LV geometry,

baseline, hemodynamic and echocardiographic parame-

ters were assessed using the Pearson correlation test.

Multiple linear regression analysis was performed to

identify the independent associations of EFT among the

hypertensive patients. An “abnormal LV geometric pat-

tern” was a dummy variable with normal geometry as 0

and otherwise as 1. A two-tailed p < 0.05 was consid-

ered to be statistically significant.

RESULTS

The present study enrolled 343 hypertensive pa-

Acta Cardiol Sin 2018;34:280�287 282

Taner �eker et al.

Figure 1. Measurement of epicardial fat thickness by echocardiography. EAT, epicardial adipose tissue; MAT, mediastinal adipose tissue.



tients including 99 with NG, 80 with CR, 69 with EH and

95 with CH.

Baseline and laboratory characteristics

Table 1 shows comparisons of baseline and labora-

tory characteristics between groups. The highest trigly-

ceride and hs-CRP levels were detected in the CH group

compared with the control, NG, CR and EH groups (all p

< 0.05). In addition, the hs-CRP level in the EH group

was higher than in the control and NG groups (both p <
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Table 1. Comparison of baseline and laboratory characteristics among the groups

Variables
Control

(n = 52)

Normal geometry

(n = 99)

Concentric

remodeling (n = 80)

Eccentric

hypertrophy (n = 69)

Concentric

hypertrophy (n = 95)
p value

Baseline findings

Age, years 051.8 � 4.6 052.4 � 4.3 050.8 � 4.9 052.1 � 3.8 51.1 � 7.8 < 0.286

Gender, male 26 (50%) 48 (48.5%) 37 (46.3%) 29 (42.0%) 44 (46.3%) < 0.506

BMI, kg/m
2

026.6 � 1.1* 027.4 � 2.7* 030.4 � 4.7
†

029.0 � 2.4 29.4 � 4.2 < 0.001

SBP, mmHg 116.2 � 7.8
‡

150.8 � 17.9
§

158.0 � 20.3** 153.3 � 18.1** 166.6 � 17.4 < 0.001

DBP, mmHg 071.3 � 7.1
‡

095.4 � 12.6* 102.5 � 11.2** 099.8 � 14.6** 110.0 � 13.4 < 0.001

Heart Rate, b/m 075.9 � 8.6 078.9 � 12.1 079.0 � 8.3 076.3 � 10.2 77.2 � 9.6 < 0.231

Smoking, n (%) 20 (38.5%) 29 (29.3%) 23 (28.8%) 29 (42.0%) 32 (33.7%) < 0.353

Laboratory

Glucose, mg/dl 089.1 � 8.2 088.4 � 8.4 90.3 � 9.1 89.5 � 3.4 90.7 � 9.6 < 0.347

TC, mg/dl 169.2 � 23.2
‡

179.6 � 23.7
§

191.3 � 23.1 187.6 � 22.9 193.0 � 37.4 < 0.001

Triglyceride, mg/dl 141.8 � 21.8
†

151.3 � 30.3
†

152.5 � 27.3
†

163.8 � 40.4** 176.9 � 41.7 < 0.001

HDL, mg/dl 040.4 � 4.5
##

42.5 � 5.6
††

038.9 � 4.9** 40.0 � 6.3 41.4 � 7.1 < 0.001

LDL, mg/dl 100.5 � 24.7
#

106.8 � 23.0
#

121.9 � 20.0 114.8 � 21.1 116.1 � 32.5 < 0.001

Hs-CRP, mg/dl 00.65 � 0.20 0.67 � 0.21 0.73 � 0.26 0.77 � 0.23
‡‡ §§

00.93 � 0.28
§§

< 0.001

Creatinine, mg/dl 00.74 � 0.19
†

00.73 � 0.14
†

0.88 � 0.15** 00.78 � 0.14
†

00.92 � 0.18 < 0.001

Uric acid, mg/dl 003.8 � 0.7
‡

4.5 � 0.9 4.4 � 1.0 004.5 � 0.8 04.4 � 0.9 < 0.001

BMI, body mass index; CH, concentric hypertrophy; CR, concentric remodeling; DBP, diastolic blood pressure; EH, eccentric

hypertrophy; HDL, high density lipoprotein; Hs-CRP, high sensitive C reactive protein; LDL, low density lipoprotein; NG, normal

geometry; SBP, systolic blood pressure; TC, total cholesterol.

* p < 0.05 vs. CR, EH and CH groups;
#

p < 0.05 vs. CR, CH and EH groups;
†

p < 0.05 vs. EH and CH groups;
‡

p < 0.05 vs. NG, CR, EH

and CH groups;
§

p = 0.05 vs. CR and CH groups; ** p < 0.05 vs. CH group;
##

p < 0.05 vs. NG group;
††

p < 0.05 vs. CR and EH groups;
‡‡

p < 0.05 vs. control and NG groups;
§§

p < 0.05 vs. control, NG, CR and EH groups.

Table 2. Comparison of echocardiografic findings among the groups

Variables
Control

(n = 52)

Normal geometry

(n = 99)

Concentric

remodeling (n = 80)

Eccentric

hypertrophy (n = 69)

Concentric

hypertrophy (n = 95)
p value

LAD, mm 30.7 � 3.8* 33.1 � 4.3
#

34.3 � 3.80
‡

34.4 � 2.70
§

34.2 � 3.7 < 0.001

LVID, mm 46.8 � 3.6
†

46.4 � 4.3
†

42.4 � 3.8
‡
0 49.6 � 3.7

§
0 46.0 � 3.5 < 0.001

EF, % 65.9 � 3.9 66.1 � 3.7 67.0 � 4.6
§
0 66.5 � 5.000 65.1 � 4.2 < 0.066

IVSth, mm 09.3 � 0.7
#

09.4 � 1.0
#

10.6 � 1.3
§
0 10.9 � 0.6

§
0 13.4 � 1.5 < 0.001

PWth, mm 08.7 � 0.8
#

08.4 � 0.8
#

10.8 � 1.1
‡
0 9.8 � 0.9

§
12.1 � 1.1 < 0.001

RWth, mm 0.37 � 0.05** 0.36 � 0.05
‡

0.51 � 0.04
‡

0.39 � 0.03
§

00.52 � 0.06 < 0.001

LVMI, g/m
2

88.0 � 13.9
#

88.1 � 10.6
#

96.7 � 10.8
‡

127.1 � 9.8
§
00 148.7 � 24.0 < 0.001

E/A ratio 01.4 � 0.24* 01.1 � 0.36
‡

0.99 � 0.20
§

0.97 � 0.28
§

00.79 � 0.21 < 0.001

EFth, mm 05.7 � 1.5
‡

05.9 � 1.6
‡

5.9 � 1.3
‡

6.5 � 1.6
§

08.9 � 2.1 < 0.001

E/A, early left ventricle filling velocity/active left ventricle filling velocity; EF, ejection fraction; Efth, epicardial fat thickness; IVSth,

interventricular septal thickness; LAD, left atrial diameter; LVID, left ventricle internal diameter; LVMI, left ventricle mass index;

PWth, posterior wall thickness; RWth, relative wall thickness.

* p < 0.05 vs. NG, CR, EH and CH group;
#

p < 0.05 vs. CR, EH and CH groups;
†

p < 0.05 vs. CR and EH groups;
‡

p < 0.05 vs. EH and CH

groups;
§

p < 0.05 vs. CH group; ** p < 0.05 vs. CR and CH groups. Other abbreviations as Table 1.



0.05). Moreover, there were significant differences in

BMI, SBP, DBP, total cholesterol, LDL cholesterol, HDL

cholesterol, creatinine and uric acid levels between the

controls and patient groups (all p < 0.05).

Echocardiographic findings

Comparisons of echocardiographic findings are shown

in Table 2. Left atrial diameter (LAD), LVID, IVSth, PWth,

relative wall thickness (RWth), LVMI and early left ven-

tricle filling velocity/active left ventricle filling velocity

(E/A) were different among the groups (all p < 0.05). The

highest EFT values were detected in the CH group com-

pared to the control, NG, CR and EH groups (all p < 0.05).

In addition, the EFT value in the EH group was higher

than in the control, NG and CR groups (all p < 0.05). On

the other hand, the EFT values were similar between the

control, NG and CR groups (all p > 0.05). Comparisons of

EFT values according to groups are shown in Figure 2.

Bivariate and multivariate relationships of EFT (Table 3)

EFT was associated with total cholesterol (r = 0.138,

p = 0.006), triglyceride level (r = 0.424, p < 0.001), creat-

inine level (r = 0.274, p < 0.001), hs-CRP level (r = 0.541,

p < 0.001), and LV geometry (r = -0.539, p < 0.001) in

bivariate analysis. EFT was independently associated

with LV geometry (� = 0.161, p = 0.032), total cholesterol

level (� = -0.129, p = 0.003), triglyceride level (� = 0.266,

p < 0.001), hs-CRP level (� = 0.349, p < 0.001), and creat-

inine level (� = 0.108, p = 0.010) in multivariate linear

regression analysis.

DISCUSSION

To the best of our knowledge, this is the first study

to investigate the relationship between EFT and abnor-

mal LV geometric patterns in newly diagnosed hyperten-

sive patients. The highest EFT values were detected in

the patients with CH. EFT was independently associated

with LV geometry as well as chronic low-grade inflam-

mation as indicated by hs-CRP level.

Previous studies have shown a relationship between

EFT and hypertension.5,11 Gastaldelli et al. reported an

association between increased blood pressure and ec-

topic fat accumulation. In their study, both visceral fat

tissue and EAT were independently associated with mean

blood pressure.6 In addition, a recent report reported an

association between early hypertension and increased

EFT.7 Moreover, Iacobellis et al. demonstrated that EFT

was correlated with DBP,8 and Sengül et al. confirmed the

relationship between EFT and hypertension.9 Furthermore,

Sengül et al. reported that non-dipper hypertensive pa-

tients had higher EFT compared with controls and dip-

per hypertensive patients.9 A similar finding was demon-

strated by Ertas et al.10 In addition, a link between EFT

and arterial stiffness has been reported in hypertensive

patients.11 Moreover, in the present study, the patients

with hypertrophic geometric patterns such as CH and EH
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Table 3. Bivariate and multivariate relationships of epicardial fat thickness

Variables Pearson correlation coefficient p value Standardized � regression coefficients p value

TC, mg/dl 0.138 < 0.006 -0.129- 0.003

Triglyceride, mg/dl 0.424 < 0.001 0.266 < 0.01

Creatinin, mg/dl 0.274 < 0.001 0.108 0.010

Hs-CRP, mg/dl 0.541 < 0.001 0.349 < 0.01

Abnormal LV geometric patterns 0.539 < 0.001 0.161 0.032

Abbreviations as Table 1 and 2.

Figure 2. Comparison of epicardial fat thickness among the groups.



had higher EFT values compared to those in the NG, CR

and control groups.

The higher EFT values in the patients with hypertro-

phic geometric patterns in the present study is not sur-

prising. Previous studies have reported a close associa-

tion between increased EFT and increased ventricular

myocardial mass.12,22 Previous studies have also reported

that EFT was related to not only the presence of hyper-

tension but also LVH.12 On the other hand, increased

EFT has been associated with LVH regardless of the pre-

sence of hypertension.12 Several mechanisms may play a

role in the relationship between EFT and LVH. EFT may be

thought to have a direct influence on the myocardium.23

Previous studies have shown that EFT secretes several

proinflammatory mediators, proatherogenic cytokines

and growth factors.24,25 In addition, cell culture models

have shown that myocardial hypertrophy can be induced

by interleukin-6, transforming growth factor-� and ma-

crophage chemotactic factor-1.26,27 Hypertrophied adi-

pocytes in EFT release free fatty acids, which may di-

rectly diffuse into the myocardium, together with myo-

cardial uptake of plasma free fatty acids, exacerbating

myocardial steatosis, and lipotoxicity.28 Intracardiac lipo-

toxicity and extracardiac adiposity can lead to increased

heart weight and mechanical pumping effort, which can

cause LVH, LV diastolic dysfunction, cardiac failure, and

increased arrhythmogenicity.28 Manzella et al. demon-

strated that increased plasma fatty acid levels may sti-

mulate cardiac autonomic nervous system activity th-

rough an increase in plasma catecholamine concentra-

tions,29 which then induce LVH.30 Recent studies of EFT

have shown that EFT reflects arterial stiffness,11 and in-

creased arterial stiffness plays an important role in the

pathogenesis of LVH. Therefore, increased EFT may ex-

plain the relationship between increased aortic stiffness

and LVH in hypertensive patients. Taken together, these

findings may explain the higher EFT values in hypertro-

phic geometric patterns.

Previous studies have reported that abnormal LV

geometric patterns are associated with a greater risk of

hypertensive complications.15-17 In addition, Katlandur

et al. demonstrated that EFT was significantly correlated

with the severity and prevalence of coronary artery dis-

ease in positive exercise test patients.31 In particular, hy-

pertensive patients with CH have been reported to have

the highest mortality and cardiovascular event rates.15

In the present study, the highest EFT values were re-

corded in the CH group. Similarly, the highest hs-CRP

and LVMI values were also observed in the CH group.

Therefore, increased EFT values in patients with CH may

contribute to a poor prognosis in hypertensive patients.

Patients with EH or CR have intermediate risk rates, and

patients with normal LV geometry have been reported

to have the lowest cardiovascular risk.15-17 The EFT val-

ues in the patients with EH, which incorporates increased

LVMI and normal RWth, were higher than those in the

NG and CR groups. In conclusion, the increase in EFT is

synchronized with LVH in hypertensive patients. Ozturk

et al. demonstrated that EFT is associated with micro-

albuminuria in patients with essential hypertension.32

Moreover, Ayd�n et al. reported that hemodialysis pa-

tients were independently associated with high EFT.33

The results of the present study suggest that measure-

ments of EFT may be a useful tool for monitoring the

follow-up of hypertensive patients with target organ da-

mage such as LVH.

Increased EAT and epicardial adipokines augment the

inflammatory process in the myocardium and coronary

arteries by secreting various paracrine and vasocrine

mediators.34 Previous studies have reported an associa-

tion between EFT and inflammation in patients with hy-

pertension and metabolic syndrome.35,36 Increased EFT

has also been more strongly associated with a systemic

inflammatory response than general risk factors and

body fat composition.37 In addition, Alpayd�n et al. re-

ported that rheumatoid arthritis disease activity as re-

flected by disease activity score-28 (DAS-28) had an im-

pact on left ventricular diastolic function and EFT in pa-

tients with rheumatoid arthritis with no traditional car-

diovascular risk factors.38 Consistent with previous stud-

ies, we also found that EFT was associated with chronic

low-grade inflammation as indicated by the high hs-CRP

level.

A relationship between EFT and blood pressure has

been reported in previous studies.6,8 Kim et al. demon-

strated that enlargement of visceral fat tissue was asso-

ciated with increased blood pressure which was predo-

minantly due to activated renin-angiotensin system.39 In

the present study, both SBP and DBP were associated

with EFT. However, these relationships were not observed

in multivariate linear regression analysis. Several studies

have reported significant associations between cardiac
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fat and dyslipidemia.40 Moreover, the present study iden-

tified a relationship between EFT and triglyceride and

total cholesterol levels. Finally, the present study dem-

onstrates an independent relationship between EFT and

creatinine level as well as LV geometry, suggesting that

echocardiographic EFT measurements could be an easy-

to-measure tool for the early detection of subclinical

target organ damage.31,32

Study limitations

In the present study, EFT measurements obtained by

echocardiography were used for comparisons. Although

EFT and its volume are better visualized on high-speed

computerized tomography and cardiac magnetic reso-

nance imaging, it is not practical to use these methods

for routine assessments. Echocardiographic EFT mea-

surements are noninvasive, cheaper, do not require ra-

diation exposure, and are easily available at the bedside.

Moreover, its applicability and reliability has been vali-

dated in numerous previous studies.

CONCLUSIONS

The patients with hypertrophic geometric patterns

such as EH and CH had higher EFT values. Moreover, EFT

was associated with both LVH and also LV geometry, ch-

ronic low-grade inflammation and creatinine level. Mea-

surements of EFT may be a useful and non-invasive tool

for monitoring the follow-up of hypertensive patients

with end organ damage such as LVH and nephropathy.
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