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Abstract

Background: Epicardial adipose tissue (EAT) is a cardiometabolic risk factor, and its possible relationship with hypertension
has been reported previously. Microalbuminuria (MA) is associated with target-organ damage, especially in patients with
hypertension that develop hypertrophy and suggest endothelial dysfunction. This study aims to investigate the relationship
between echocardiographic epicardial adipose tissue (EAT) thickness and MA in patients with newly diagnosed hypertrophic
hypertension. Methods: We included the newly diagnosed HT patients who applied to the outpatient clinic in a consecutive
study. Patients were divided into two groups according to the presence of hypertrophy in echocardiography. We set a control
group and equalized them in terms of age and gender. All subjects underwent transthoracic echocardiography to measure
EAT thickness. Spot urine sample was collected for the assessment of MA. Then, appropriate statistical tests were carried
out. Results: In the group with left ventricular hypertrophy (LVH), we found EFT thicknesses and MA development rate
significantly higher than the other two groups (5.1 ± 1.3 vs 5.3 ± 1.5 vs 6.6 ± 1.8, P <0.001; respectively). In the group without
LVH, no relationship was found between MA and EFT. In multiple regression analyses, we determined EFT thickness (OR:
3.141 [95% CI: 2.425-6.123], P <0.001) and left ventricular mass index value (OR: 1.339 [95% CI: 1.145-2.143], P = 0.003) as
independent predictors for MA development in the group with LVH. Conclusion: We think that EFT is a simple, effective and
feasible method to predict target organ damage, especially in HT patients with LVH.

INTRODUCTION

Hypertension (HT) is one of the most common diseases that cause morbidity and mortality over time (1-3).
It is mostly insidious (1-2). Therefore, end-organ damage has developed in many patients at the time of
diagnosis, and in many of these patients, more than one end-organ damages are accompanying (1-2). Left
ventricular hypertrophy (LVH) is the mainly cardiac complication of hypertension. This condition is another
manifestation of preclinical disease and has long been known as a powerful independent risk factor for all of
the cardiovascular complications of hypertension and also has been associated with increased morbidity and
mortality (1,2,4).
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Microalbuminuria (MA) is one of the earliest marker of renal damage in patients with hypertension, and urine
albumin levels are predictive for cardiovascular events in hypertensive patients (2,5-7). Parving et al. (8) have
found an association between MA and essential hypertension in non-diabetic individuals for the first time.
This study was supported by subsequent studies (9,10). Furthermore, several studies have demonstrated that
MA is an independent predictor of cardiovascular disease and increased all-cause mortality in non-diabetic
as well as patients with hypertension (8-10). Development of MA in HT patients is observed, especially in
patients with left ventricle hypertrophy (11-13). In other words, many patients with MA also have LVH
(10-13).

Epicardial Adipose Tissue (EFT) is one of the measurements that predict and to be related to hypertrophy
development in the left ventricle in HT patients, along with different imaging or laboratory methods and
is related (14,15). EAT is an extra-abdominal visceral fat deposit located around the heart, particularly in
cardiac grooves, over the left ventricular apex and right ventricular free wall. EFT is acknowledged to be a
metabolically active endocrine organ that produces several proinflammatory and proatherogenic cytokines
such as angiotensinogen and free fatty acids. An association between EFT and HT has been shown in
previous studies (14,16,17). In addition, several previous studies have reported that EFT is associated with
left ventricle hypertrophy (LVH) in hypertensive patients (14-15). Another significant point, a relationship
between EFT and the presence of MA in hypertensive patients was shown (18-20). Studies suggest that both
EFT and visceral adipose tissue are associated with MA (18-21). However, there is a lack of data regarding
the association of epicardial fat tissue with MA in hypertensive individuals with LVH. In other words, it is
observed that the group that is more associated with EFT and that the MA develops more in HT patients are
LVH existing patients. In previous studies, the relationship between EFT and the development of MA in HT
patients has been studied. However, the relationship between EFT and MA in patients with left ventricular
hypertrophy, which has a higher risk, has not been studied. We aimed to determine the relationship between
EFT and MA in newly diagnosed LVH existing HT patients.

METHODS

Study population

Patients who applied to the internal medicine and cardiology outpatient clinic between 2016 and 2019 were
included in our study. Only patients who were diagnosed with new HT and had not received treatment
before were included. The patients were divided into two groups as those with and without LVH according
to the echocardiography. 187 patients with LVH and 173 patients without LVH were included in the study
consecutively. Later, 171 normotensive individuals with age and gender equalization were determined as the
control group. Patients with chronic kidney disease, diabetes mellitus (or fasting blood glucose > 125 mg/dL),
coronary heart disease, secondary causes of hypertension, previous stroke, valvular heart diseases, heart
failure, atrial fibrillation, a neoplastic, inflammatory, hepatic or kidney disease (serum creatinine greater than
1.3 mg/dl in men and 1.2 mg/dl in women and positive urine culture), overt albuminuria (urinary albumin
excretion>300 mg/24 h) and no available or not optimal data of the studied target organ damage) febrile
condition, anemia, disabling diseases such as dementia and inability to cooperate, and poor echocardiographic
quality were excluded. In addition, patients with metabolic syndrome and body mass index (BMI) >30 were
excluded from the study. Because in these two groups; EFT would increase because of weight and decrease
the effect of LVH on EFT. Finally, a total of 297 hypertensive patients and 156 control group were analyzed.
All subjects underwent transthoracic echocardiography after a complete medical history and laboratory
examination, including blood and spot urine samples. Patients’ height, weight and blood pressure on the day
of echocardiogram were recorded. The study protocol was approved by the hospital’s local ethics committee
in accordance with the Declaration of Helsinki and Good Clinical Practice Guidelines. Written informed
consent was taken from all patients.

Definition of HT and the measurement method

For new diagnosis of hypertension, office blood pressure measurements or 24-hour ambulatory blood pressure
measurements were taken into consideration. In the outpatient clinic, blood pressure measurement was done
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using a mercury sphygmomanometer. The individual whose blood pressure will be measured was rested for at
least ten minutes before measurement.Blood pressure was measured after asking whether the patients drank
coffee or tea in last hour, or smoked in the last 30 minutes. While blood pressure was measured, the person
was in a sitting position, and the arm was supported at the level of the heart and, a suitable sleeve was chosen
(wrapping at least 80% of the forearm). Measurements were made from both arms, and the higher blood
pressure value was taken to consideration. The diagnosis of hypertension was made by measuring systolic
blood pressure value [?]140 mm Hg and / or diastolic blood pressure value [?]90 mmHg in three consecutive
clinical visits. Among patients whose blood pressure values were monitored on an ambulatory basis, those
with average 24-hour, daytime and nighttime blood pressures values were [?] 130/80 mm Hg [?]135/85 mm
Hg, and [?]120/70 mmHg respectively were considered as hypertensive individuals (22).

Microalbuminuria

Albuminuria was calculated by dividing albumin concentration in milligrams by creatinine concentration in
grams. The presence of MA was evaluated in each patient by measuring the albumin to creatinine ratio (ACR)
on three non-consecutive first morning samples as described in Pontremoli et al. (23). The mean of three
non-consecutive first morning samples was recorded. Only samples from patients with negative urine cultures
were collected.Urine albumin concentration was measured using a commercially available radioimmunoassay
kit (Pantec, Torino, Italy). MA was defined as urine albumin/creatinine 30-300 g/mg (24). Although 24-h
urine collection is still considered as the gold standard in assessing urine albumin excretion, the measurement
of albumin-to-creatinine ratio in first-morning urine, preferably in two non-consecutive urine collections, has
been shown to be sufficiently accurate and has been widely considered in clinical practice, also because of
its low cost and feasibility (25).

Echocardiography

Two experienced cardiologists performed all the echocardiographic examinations by using Philips Affiniti 50C
cardiac ultrasound scanner and 2.5-3.5 MHz transducers. In all patients, the left ventricular posterior wall
thickness (PWT), interventricular septal thickness (IVST), left ventricular end-systolic diameter (LVESD),
left ventricular end-diastolic diameter (LVEDD), and left atrial diameter (LAD) were measured on the paras-
ternal long-axis view and recorded. Left ventricular ejection fractions (LVEF) of the patients were calculated
by using biplane Simpson’s method. Left ventricular mass (LVM) was calculated based on Devereux formula
[LVM = 0.8 (1.04 (IVS + LVEDD + PW) 3 - (LVEDD) 3) + 0.6], and body surface area was estimated using
Mosteller formula [body surface area = (height (cm) × body weight (kg) / 3600) 1/2] (26). Left ventricular
mass was divided by body surface area to estimate left ventricular mass index (LVMI). LVH was defined as
LVMI> 115 g/m2 in males or >95 g/m2 in females (27). The coefficient of variation between the two different
sonographers was 2.7%, indicating the good reproducibility of the echocardiographic measurements.

Epicardial adipose tissue

Echocardiographic assessment of EAT thickness was performed as described by Iacobellis et al. (Ref). The
measurement of EAT thickness was performed by TTE from a parasternal long-axis view on the right vent-
ricle’s free wall at end-diastole, and the greatest perpendicular distance to the aortic annulus was achieved
and averaged over three cardiac cycles (ref). In the parasternal long-axis window, hypoechoic space on the
right ventricular free wall was defined as EAT (Figure 1) (28). The intra-observer correlation coefficient was
0.956. * EAT thickness can be measured by transthoracic echocardiography, cardiac computed tomography
(CT), and cardiac magnetic resonance imaging (MRI) methods. EAT thickness measurement by echocar-
diography has been first validated by Iacobellis et al., who reported a good correlation between MRI and
echocardiographic measurements of epicardial fat (28). An echocardiographic study found a significant cor-
relation between epicardial fat thickness in the parasternal long- and short-axis views and LV mass (14,28).
If measurements by the two investigators differed by >5% for any of the variables, the patient was excluded;
if the difference was <5%, the measurements were averaged.

Other laboratory results

3
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Venous blood samples were obtained from each patient after an overnight fasting and a 24-hour period of
abstinence from alcohol and vigorous physical exercise in order to the determination of the serum bioche-
mical parameters. Routine serum biomarkers such as glucose, urea, creatinine, uric acid, bilirubin, alanine
aminotransferase, aspartate aminotransferase, C-reactive protein, total cholesterol, high-density lipoprotein
(HDL), low-density lipoprotein (LDL), triglyceride, and complete blood count were calculated by standard
laboratory methods (Beckmann Coulter aU5800 Autoanalyser, Beckmann Coulter Inc, Brea, California).

Statistics

Data were analyzed using the Statistical Package for the Social Sciences, ver. 22 for Windows (SPSS, Chicago,
IL). Kolmogorov-Smirnov test was used to determine the distribution properties of continuous numerical
data. Comparisons among multiple groups were performed using one-way analysis of variance (ANOVA) with
Tukey’s post hoc test for continuous variables. Statistical analysis of numerical data that did not show normal
distribution was investigated with the Kruskal-Wallis test. For analysis of categorical variables; chi-square or
Fisher’s exact tests were used. The correlation was tested with Spearman’s analysis, where appropriate. For
all statistical calculations, p <0.05 was considered as a significant value. A logistic regression analysis was
performed in order to identify any independent associates of MA in patients with LVH and without LVH,
respectively. In patients with LVH a receiver operating characteristic (ROC) curve analysis was performed
to evaluate the sensitivity, specificity, area under the curve (AUC), and confidence interval (CI) of EAT for
predicting MA.

RESULTS

A total of 453 people were included in the study. Participants were divided into three groups as the control
group, HT patients without left ventricular hypertrophy and HT patients with left ventricular hypertrophy.
The study population included 156 healthy volunteers (mean age: 51 ± 10, male: 89 (57.1%)), 154 hyperten-
sive patients without LVH on echocardiography (mean age: 52 ± 9, male: 85 (56.5%)), and 143 hypertensive
patients with LVH on echocardiography (mean age: 50 ± 11, male: 82 (57.3%). Demographic, laboratory,
and echocardiographic characteristics of the study population shown in Table 1. Age and gender distribution
were similar in all groups. Routine serum biomarkers such as glucose, urea, creatinine, uric acid, alanine
aminotransferase, aspartate aminotransferase, C-reactive protein, total cholesterol, HDL, LDL, triglyceride,
and complete blood count parameters were similar between the groups. The values of LAD (P = 0.021), IVST
(P <0.001), PWT (P <0.001), and LVMI (P <0.001) were similar in the control group and the non-LVH
group, but all the values were significantly higher in the patients with LVH group (Table 1). In addition,
while there was no difference between the control group and the non-LVH group, in terms of EFT value, but
it was significantly higher in the group with LVH compared to other groups (5.1 ± 1.3 vs 5.3 ± 1.5 vs 6.6
± 1.8, P <0.001; respectively) (Table 1). There was no significant difference between the groups in terms of
LVEF, LVEDD and LVESD values.

According to the Pearson correlation analysis performed in the group without LVH, only a low correlation
was observed between MA and DBP (Table 2). In particular, no correlation was observed with EFT (Table 2).
In the group with LVH, multiple regression analysis was performed using all parameters that were significant
in univariate analysis.In multivariate analysis, increased EFT (OR: 3.141 [95% CI: 2.425-6.123], P <0.001)
and increased LMVI (OR: 1.339 [95% CI: 1.145-2.143], P = 0.003) was detected as independent predictors
for MA development (Table 3). In ROC curve analyses, EAT thickness above 5.8 mm predicted the presence
of MA with a sensitivity of 81.7% and a specificity of 63.6% (AUC: 797; 95% CI: 0.701-0.896; P <.001)
(Figure 2).

DISCUSSION

In this study, we found a relationship between epicardial fat tissue (EFT) and microalbuminuria (MA) in
patients with newly diagnosed essential hypertension (EH) patients with left ventricular hypertrophy (LVH).
However, in our study, we did not find a relationship between the development of MA and EFT in newly
diagnosed hypertension patients without LVH. We also identified EFT as an independent predictor for the
presence of MA in HT patients with LVH. In other words, EFT can be used to detect early renal damage in

4



P
os

te
d

on
A

ut
ho

re
a

8
Ju

n
20

20
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

16
46

61
.1

64
69

00
8

|T
hi

s
a

pr
ep

ri
nt

an
d

ha
s

no
t

be
en

pe
er

re
vi

ew
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

patients with hypertrophy and to assess cardiovascular risk. To the best of our knowledge, this is the first
study to describe this relationship.

Hypertension is a very common disease that is insidious, as it is mostly asymptomatic (1-4). Therefore,
many patients have target-organ damage (TOD) in more than one organ at the time of diagnosis (2-4). The
primary significance of hypertensive TOD is that it is a powerful and independent predictor of cardiovascular
complications that may develop, and it usually occurs before serious events occur and predict serious com-
plications (1-5). LVH is the major cardiac complication of hypertension and is detected by standard 12-lead
electrocardiography (ECG) or transthoracic echocardiography.

Developed LVH occurs in many long-term HT patients before the onset of clinical manifestations of the
disease. In addition, LVH has long been known as a strong independent risk factor for all cardiovascular
complications that can develop in asymptomatic patients with hypertension and has also been associated
with increased morbidity and mortality (1-4). Another important TOD in HT patients occurs in the kidney,
and the first indicator of kidney damage is MA. The importance of MA, which is frequently seen in patients
with essential hypertension, becomes even more important as it is an independent predictor of not only
kidney damage but also high cardiovascular risk (1-4,29-31). Similarly, in our study, we found the presence
of MA significantly higher in patients with HT than in the healthy population.

The most common myocardial TOD in HT patients is the ventricular hypertrophy and in kidney first MA
develops as the target-organ damage. These two involvements often accompany each other. It has been
shown in many studies that especially the HT patients with LVH are more associated with the development
of MA, that the developments of LVH and MA in HT patients are parallel with each other, and that in many
HT patients, LVH and MA develop together (11,32,33). In this study, there was no significant relationship
between LVMI and MA in patients non-LVH group. However, we found a positive correlation between LVMI
and MA in the patients with LVH group. While there was no significant relationship between HT and MA
development in some studies, it was found in some studies. The point is, the relation was found in studies
involving higher stage HT patients, but in low-stage HT patients, this relationship could not be detected.
Therefore, it suggests the relation between MA and LVH. We think this situation explains the results of our
study (32-35). Wachtell et al. Detected MA in 1844 (23%) of 8029 patients with stage 2-3 hypertension. In
these patients, they observed that the presence of MA related to LVH regardless of age, diabetes mellitus,
race, serum creatinine and smoking (2). In their study in HT patients, Yasuno et al. also detected an increase
in the presence of MA as left ventricular hypertrophy increased and determined LVMI as a predictor for MA
development (36). Tsioufis et al. showed that patients with MA had significantly larger left ventricular size
and thicker wall thickness than patients without MA (32). The cause and effect relationship between LVH and
MA is not entirely clear. It is very likely that MA is a marker of generalized increased vascular permeability,
indicating universal endothelial dysfunction, increased peripheral vascular resistance due to microvascular
structural and functional abnormalities, which in the same turn increases cardiac afterload leading to left
ventricular hypertrophy.In addition, increasing systemic venous pressure secondary to diastolic dysfunction
developing after LVH may contribute to the formation of MA by disrupting renal dynamics. Wachtell et
al. suggested that angiotensin II release increased in HT and caused changes in LVH as well as increased
renovascular permeability and increased MA (11). However, our study can only disclose an association
between LVH and MA and does not permit any conclusions as far as the mechanism, and cause-effect
relationships are concerned (33,37,38). Our findings results regarding higher LVH incidence in hypertensives
with high MA are consistent with previous studies (11-13).

Epicardial fat tissue (EFT) is a visceral adipose tissue located around the heart and coronary arteries and
has paracrine, vasocrine and inflammatory effects (39). It has been shown to be associated with coronary
artery disease, (40) metabolic syndrome, (16) insulin resistance (41) and hypertension (15,16). In many recent
studies, EFT has been shown to be associated with HT, and this relationship has been found to be more
pronounced, especially in HT patients with LVH (14,42,43). In our study, there was no difference between
the control group and HT patients who did not develop LVH, whereas, in HT patients who developed LVH,
we detected significantly higher EFT than these two groups. In some studies, the relation between EFT and
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HT was found, but in some other studies, no significant relationship was found between HT and EFT. The
point we want to underline here is that in studies where no significant relationship was found, lower-stage HT
patients were included in the study; on the contrary, in studies that found a significant relationship between
EFT and HT, mostly the advanced stage HT and LVH patients included. In other words, we think that the
significant relationship between HT and EFT is mostly in HT patients with LVH.

Previous studies have reported a close relationship between increased EFT and increased ventricular myocar-
dial mass (14,15). In addition, Lacobellis et al. Reported that EFT was associated with LVH rather than the
presence of hypertension (14). On the other hand, increased EFT has been associated with LVH regardless
of the presence of hypertension (14).

Various mechanisms may play a role in the relationship between EFT and LVH (44,45,46). The exact me-
chanism of the increase in epicardial adipose tissue thickness and the relationship between the elevation of
blood pressure and epicardial adipose tissue thickness in hypertensive patients is unknown. It is still unclear
whether the increase in epicardial adipose tissue is a cause or a consequence of hypertension. To mention the
possible mechanisms discussed; firstly, this mechanism may be that the elevation of the blood pressure causes
the pressure load on the left ventricle and, accordingly, an increase in the thickness of the left ventricular
wall, this impaired adaptation process increases the energy requirement of the myocardium and increases the
mass of epicardial adipose tissue, which provides the production of free fatty acids that provide energy in the
myocardium (14,15,44). Another mechanism is that the increased sympathetic activity of epicardial adipose
tissue via its paracrine effects leads to the development of hypertension (44,45). The increase in plasma free
fatty acid provided by epicardial adipose tissue may also be one of the factors that may contribute to the
development of hypertension with increased sympathetic activity and impaired endothelial function by incre-
asing plasma catecholamines (44,45). It is also thought that protective adiponectins secreted from epicardial
adipose tissue decrease as epicardial adipose tissue thickness increases, and this hypoadiponectinemia may
result in loss of endothelial functions and arterial elastic functions (45). Another mechanism discussed is
that the as the thickness of epicardial adipose tissue increases it becomes hypoxic and leads to the release
of various inflammatory cytokines and vasoactive peptides (FFA, IL-6, TNF alpha, Angiotensin II, Plasma
activator inhibitor I) and these released substances cause an increase in blood pressure (45-47). Similarly, in
our study, we found significant correlations between EAT thickness and both LV-mass and LVMI, and the
fact that we detected EFT thickness more than other groups in patients with LV hypertrophy is compatible
with the current literature. In addition, autopsy series supports our data and autopsy data showed significant
correlations between epicardial fat and both total heart weight and ventricular weight (44,48).

Another importance of EFT is its previously shown an association with MA in different patient groups.
Studies have shown that patients with MA have higher EFT (49-51). In a study on essential hypertension
patients, the average EAT thickness was found higher in patients with MA than in normoalbuminuric patients
(49). Akbas et al. showed that in patients with type 2 diabetes, the thickness of EAT was significantly higher
in micro-albuminuric patients than in normoalbuminuric patients (50). In addition, in this study, they found
that EFT is an independent marker for increased albuminuria. Similarly, higher EFT values were observed in
type 1 diabetes patients with an albumin excretion rate of 30-300 mg/dL (51). Although epicardial adipose
tissue is important for protective regulation of vascular functions and providing energy needs in healthy
conditions, an increase in epicardial adipose tissue makes it a lipolytic, prothrombotic and proinflammatory
organ (52). We have stated that EFT increases in HT patients with LVH. Increased EFT can cause advanced
endothelial dysfunction and development of MA by proatherogenic, proinflammatory and bioactive molecules
secreted from epicardial adipose tissue. Increased EFT reduces the production of adiponectins derived from
epicardial adipose tissue, so lower adiponectin levels can accelerate the glomerular damage (45,53). In our
study, we did not find a significant relationship between EFT and MA in normotensive patients and HT
patients without hypertrophy. However, most importantly, as one of our findings, we detected a significant
relationship between EFT and MA in HT patients with hypertrophy and determined EFT as an independent
predictor for the development of MA in this patient group.Our findings can be explained with the mechanisms
mentioned above and, in some studies, the fact that there is no difference in terms of the presence of MA
with EFT compared to normotensive patients in low-stage HT patients also supports our study (54,55).
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Rather than a cause-effect relationship between MA, LVH and EFT in HT patients, these current conditions
may be thought to coexist in the developing pathophysiological process in the body. Our study showed that
MA is not observed in every HT patient. In particular, the group of patients with developed MA consist of
patients with LVH and thicker EFT. In conclusion, we think that EFT measurements are a simple effective
and applicable method to predict target organ damage, especially in patients with LVH, and maybe a useful
tool to monitor the follow-up of hypertensive patients.We recommend performing a detailed renal evaluation
to predict the development of kidney damage in every HT patient with thick EFT and developed LVH. We
think that many studies should be done to support the results of our study.

THE LIMITATIONS

In this study, we did not study the local in tissue level or systemic markers of EAT; therefore this was an
important limitation to link findings of echocardiographically measured EAT thickness and LV hypertrophy
in hypertension. In our study, the “24-hour urine sample” was not studied. In the this study the presence
of MA was evaluated in each patient by measuring the albumin to creatinine ratio (ACR) on three non-
consecutive first morning samples as described in Pontremoli et al. (23). However, previous studies have
documented a close correlation between this ratio and measures of albuminuria from overnight or 24-hour
urine collection (24,25).

Other limitations of our study were its inability to measure adiponectin levels and markers of endothelial
dysfunction, which may be necessary to describe the mechanisms of association between EAT and MA.
Although echocardiography is a simple and inexpensive imaging method, and recent studies have shown that
echocardiographic measurements are compatible with MRI measurements, echocardiographic EFT is a linear
measurement from one location and may not assess the total amount of fat in epicardial tissue. In addition,
patients with BMI >30 were excluded from the study due to the relation between EFT and overweight, in
order to prevent its possible effect to results. Finally, the this study was designed to determine whether or
not an association exists between albuminuria and EFT in patients with HT. However, it does not provide
information on the mechanisms of this association.

CONCLUSIONMeasuring EFT thickness can help identify a high-risk group of hypertensive patients for
target-organ damage. However, more extensive prospective studies involving large hypertensive populations
are needed. Since MA is a well-defined cardiovascular risk marker, we think it is appropriate to use EFT, which
is closely related to MA, in the cardiovascular risk classification. Depending on the results of our study, the
addition of EFT measurement to routine transthoracic echocardiographic images, especially in hypertensive
patients with hypertrophy, can be applied without any additional costs or time and can be used to identify
patients at high risk of hypertensive complications. MA is a sign associated with subclinical organ damage
and various cardiovascular risk factors in hypertension. In conclusion, we think that EFT measurements are
simple, effective and feasible method to predict target organ damage, especially in patients with LVH, and
maybe a useful tool to monitor the follow-up of hypertensive patients.We recommend performing a detailed
renal evaluation to predict the development of kidney damage in every HT patient with thick EFT and LVH.
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FIGURE LEGENDS:

Figure 1: Transthoracic echocardiography parasternal long-axis view demonstrating the epicardial adipose
tissue as the hypoechoic space on the right ventricular free wall at end-diastole.

Figure 2: The receiver operating curve analysis provided that an epicardial adipose tissue thickness greater
than 5.8 mm predicted the MA with a sensitivity of 81.7% and a specificity of 63.6% (P < .001).
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Table 1: Comparison of the demographic, laboratory, and echocardiographic characteristics of the study
population.

Variables Control (n:156) Non-LVH group (n:154) With LVH group (n:143) P value

Baseline demographics
Age, years 51±10 52±9 50±11 0,712
Gender, male (n, %) 89 (57.1) 87 (56.5) 82 (57.3) 0.655
Dyslipidemia (n, %) 43 (27.6) 41 (26.6) 38 (31.7) 0.435
Smoking (n, %) 48 (30.8) 48 (31.2) 48 (33.6) 0.633
BMI (kg/m2) 26.9±3.3 27.1±3.6 27.2±3.8 .748
SBP (mm Hg) 119±8 145±13* 165±18*,+ <0.001
DBP (mm Hg) 78±7 96±12* 103±10*,+ <0.001
Heart rate (pbm) 74±13 75±14 76±12 0.611
Laboratory
MA (n, %) 5 (3.2) 30 (20.1) * 59 (41.2) *,+ <0.001
Fasting blood glucose (mg/dL) 97±18 96±16 99±19 0.322
Creatinine (mg/dL) 0.71±0.22 0.74±0.24 0.75±0.23 0.412
BUN (mg/dl) 14±3 16±3 16±4 0.376
Uric acid (mg/dL) 4.81 ± 1.56 4.96 ± 1.19 4.99 ± 1.21 0.543
Hemoglobin (g/dL) 14.2 ± 1.7 14.6 ± 1.3 14.4 ± 1.5 0,255
WBC (x103/mL) 7.34 ± 1.64 7.25 ± 1.69 7.11 ± 1.57 0.771
Platelet (x103cells/dL) 250±45 252±43 244±51 0,322
AST (U/L) 34±8 35±7 36±9 0.656
ALT (U/L) 23±6 22±5 25±7 0.234
LDL (mg/dL) 132±38 130±36 133±37 0.811
HDL (mg/dL) 45±13 44±12 43±13 0.242
Triglycerides (mg/dL) 146±43 142±41 149±47 0.141
Total cholesterol (mg/dL) 211±44 207±40 214±45 0.242
CRP (mg/dL) 4.4±1.2 4.2±1.1 4.5±1.4 0.645
Echocardiography
LVEF, (%) 63±3 63±2 65±4 0.167
LAD, (mm) 35±3 36±2 38±3*,+ 0.021
LVEDD, (mm) 44.7 ± 6.2 44.6 ± 5.9 44.4 ± 5.8 0.167
LVESD, (mm) 29.2 ± 4.5 29.0 ± 4.4 28.9 ± 4.2 0.143
IVST, (mm) 96.6±1.5 100.6±1.4 12.8±2.1*,+ <0.001
PWT, (mm) 94.9±1.2 98.8±1.3 12.6±1.9*,+ <0.001
LVMI, (gr/m2) 84.2 ± 21.4 90.6 ± 24.1 118.3 ± 34.5*,+ <0.001
EAT thickness, (mm) 5.1±1.3 5.3±1.5 6.6±1.8*,+ <0.001

* p < 0.05 vs. control group; + p < 0.05 vs. without LVH group;

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index;
BUN, blood urea nitrogen; CRP, C-reactive protein;DBP, diastolic blood pressure; EAT, epicardial adipose
tissue; HDL, high density lipoprotein; HT, hypertension; IVST, interventricular septum thickness; MA,
microalbuminuria; LAD, left atrial diameter;LDL, low-density lipoprotein; LVCR, left ventricular constrictive
remodeling; LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; LVESD,
left ventricular end systolic diameter; LVH, left ventricular hypertrophy; LVM, left ventricular mass; LVMI,
left ventricular mass index;PWT, posterior wall thickness; SBP, systolic blood pressure. Continuous variables
with normal distribution were expressed as mean ± SD and continuous variables without normal distribution
were expressed as median (25th-75th percentiles).
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Table 2. Pearson correlation analysis between MA and other variables in HT patients without LVH.

Variables Correlation coefficient p value

EFT (mm) 0.030 0.710
LVMI (gr/m2) 0.114 0.091
Age (year) 0.069 0.368
Gender (% male) -0.064 0.427
LVEDD (mm) -0.118 0.145
LVESD (mm) -0.134 0.121
Smoking 0.166 0.879
CRP (mg/l) 0.117 0.124
EF (%) -0.097 0.451
LA (mm) 0.013 0.097
BMI kg/m2 0.117 0.346
Serum creatinine (mg/dl) 0.031 0.711
SBP (mmhg) 0.233 0.076
DBP (mmhg) 0.311 0.028
Abbreviations: BMI, body mass index; CRP, C-reactive protein;DBP, diastolic blood pressure; EAT, epicardial adipose tissue; MA, microalbuminuria; LAD, left atrial diameter; LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; LVESD, left ventricular end systolic diameter;LVMI, left ventricular mass index; SBP, systolic blood pressure; LVH, left ventricular hypertrophy; Abbreviations: BMI, body mass index; CRP, C-reactive protein;DBP, diastolic blood pressure; EAT, epicardial adipose tissue; MA, microalbuminuria; LAD, left atrial diameter; LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; LVESD, left ventricular end systolic diameter;LVMI, left ventricular mass index; SBP, systolic blood pressure; LVH, left ventricular hypertrophy; Abbreviations: BMI, body mass index; CRP, C-reactive protein;DBP, diastolic blood pressure; EAT, epicardial adipose tissue; MA, microalbuminuria; LAD, left atrial diameter; LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; LVESD, left ventricular end systolic diameter;LVMI, left ventricular mass index; SBP, systolic blood pressure; LVH, left ventricular hypertrophy;

Table 3. Multivariate regression analysis showing independent predictors of MA in HT patients with LVH.

Variables OR 95% Cl p value

EFT (mm) 3.141 2.425-6.123 <0.001
LVMI (gr/m2) 1.339 1.145-2.143 0.003
Age (year) 1.123 0,975-1.132 0.324
Gender (% male) 1.107 0,852-1.107 0.543
LVEDD (mm) 1.114 0,738-1.112 0.386
LVESD (mm) 1.123 0,826-1.131 0.123
Smoking 1.023 0,811-1.66 0.768
CRP (mg/l) 1.017 0,797-1.123 0.324
EF (%) 0.897 0,631-0.997 0.451
LA (mm) 1.013 0.823–1.303 0.097
BMI kg/m2 1.146 0.911-1.322 0.346
Serum creatinine (mg/dl) 1.231 0,933-1,125 0.711
SBP (mmhg) 1.134 0,877-1,241 0.245
DBP (mmhg) 1.097 0.877-1.201 0.216

Abbreviations: BMI, body mass index; CRP, C-reactive protein;DBP, diastolic blood pressure; EAT, epicar-
dial adipose tissue; MA, microalbuminuria; LAD, left atrial diameter; LVEDD, left ventricular end diastolic
diameter; LVEF, left ventricular ejection fraction; LVESD, left ventricular end systolic diameter;LVMI, left
ventricular mass index; SBP, systolic blood pressure; LVH, left ventricular hypertrophy;
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