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ORIGINAL ARTICLE

Echocardiographic epicardial fat thickness is related to altered
blood pressure responses to exercise stress testing

CIHAN SENGUL!, OLCAY OZVEREN?, DURSUN DUMAN?, ELIF EROGLU?,
VECIH ODUNCU?, HALIL IBRAHIM TANBOGA?, MEHMET MUSTAFA CAN?,
TAYLAN AKGUN? & ISMET DINDAR!

LGoztepe Medical Park Hospital, Department of Cardiology, Istanbul, Tirkey, >Kartal Kosuyolu Heart and Research
Hospital, Department of Cardiology, Istanbul, Turkey, >Medipol University School of Medicine,
Department of Cardiology, Istanbul, Turkey

Abstract

Objective. Hypertensive response at peak exercise and blunted blood pressure (BP) recovery, altered BP responses obtained
from exercise stress testing, have been suggested as risk factors for future onset of hypertension in previous studies. Epi-
cardial fat, a new cardiometabolic risk factor, has been linked to hypertension in some recent studies. In this study, we
tested the primary hypothesis suggesting that the epicardial fat thickness (EFT) is related to altered BP responses to tread-
mill exercise testing. We also evaluated the sensitivity and specificity of the EFT as a predictor of hypertensive response to
peak exercise. Methods. Normotensive subjects underwent to treadmill stress testing and transthoracic echocardiography.
Hypertensive response to peak treadmill exercise testing was defined as = 210/105 mmHg and =190/105 mmHg at peak
exercise in males and females, respectively. BP recovery index (BPRI) was defined as the ratio of the BP at the 3rd minute
of the recovery phase to BP at peak exercise. EFT was measured by echocardiography. Thirty-two subjects with hyperten-
sive response to peak exercise constituted Group 1 and 48 subjects with normal response constituted Group 2. Results. The
mean EFT of subjects in Group 1 was significantly higher (8.2 £ 1.1 mm vs 5.1 = 1.5 mm; p = 0.0001) than subjects in
Group 2. In correlation analysis performed in Group 1, EFT was found to be significantly correlated with BPRI (» = 0.51,
p < 0.003). An EFT of =6.5 mm predicted the hypertensive response to peak exercise test with 68.8% sensitivity and
87.5% specificity (receiving operator characteristic area under curve: 0.879, 95% CI 0.793-0.965, p < 0.001). Patients
with EFT =6.5 mm showed a significantly increased BPRI (0.89 = 0.07 vs 0.74 = 0.09, p < 0.0001) and peak systolic
BP (198.4 = 15.3 mmHg vs 169.4 = 19.8 mmHg, p < 0.0001). There were significant differences in metabolic equivalents,
maximum heart rate, homeostatic model assessment of insulin resistance, high-density lipoprotein-cholesterol, waist cir-
cumference and age values between two patients groups dichotomized according to the cut-off value of EFT. BPRI was
the only independent variable related to EFT in the multivariate analysis (odds ratio = 1.4,95% CI 2.75-7.16, p = 0.001).
Conclusions. EFT was found to be related to altered BP responses to exercise stress testing. The echocardiographic
measurement of EFT may serve as a useful non-invasive indicator of heightened risk of future hypertension.

Key Words: Blood pressure recovery index, echocardiography, epicardial fat, exercise stress test, hypertension, visceral adiposity

Introduction peak exercise and blunted BP recovery obtained

Hypertension remains the leading cause of death
worldwide and one of the world’s great public health
problems (1). Exercise stress testing is generally used
as a tool to predict coronary artery disease. Apart
from the ST-segment changes, exercise stress testing
can also give some valuable information like blood
pressure (BP) responses. Hypertensive response at

from exercise stress testing have been suggested as a
risk factors for future onset of hypertension in previ-
ous studies (2—4).

The relationship between obesity and hyperten-
sion is well established in adults (5,6). Epicardial fat
tissue, another form of visceral adiposity, has been
proposed as a new cardiometabolic risk factor and
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the possible association of epicardial fat with hyper-
tension has been shown in some recent studies (7-9).
Although it has been demonstrated that healthy
normotensive obese subjects showed an enhanced
response of systolic BP (SBP) to a fixed, moderate
level of exercise compared with non-obese subjects
(10), the role of excess and ectopic visceral fat in
altered BP responses is unexplored.

In this study, we aimed to test the primary hypoth-
esis suggesting that EFT predicts altered BP responses
to exercise stress testing in normotensive individuals.
We also assessed the sensitivity and specificity of the
EFT as a predictor of hypertensive response to peak
exercise stress testing.

Methods
Study subjects

Subjects were the volunteers for a routine check-up
in a cardiology outpatient clinic. The subjects’ medi-
cal histories were obtained through a questionnaire.
Those who had history of established heart disease,
hypertension, known diabetes, overt liver disease,
obesity, cancer, chronic renal disease, alcohol or drug
abuse, thyroid problems were not included in the
study. Participants were classified as hypertensive if
resting SBP was =140 mmHg and/or diastolic BP
(DBP) was =90 mmHg or if they were taking anti-
hypertensive medications. Participants were classified
as diabetic if fasting blood glucose level was =126
mg/dl or if they were taking any antidiabetic medica-
tion. Participants were classified as obese if body mass
index (BMI) was =30. All subjects underwent tran-
sthoracic echocardiography and exercise stress testing
to measure EFT and BP responses. Subjects who
showed signs suggestive of ischemia, with ejection
fraction below 50%, moderate to severe valvular
stenosis or regurgitation, left ventricular (V) hyper-
trophy more than mild level (interventricular septum
and/or posterior wall thickness =1.2—-1.3 cm) were
excluded from the study (11). Thirty-two subjects
with hypertensive BP response at peak exercise con-
stituted Group 1 and 48 subjects with normal BP
response at peak exercise constituted Group 2. Writ-
ten consents were obtained from all subjects and the
institutional review board approved the study.

Anthromorphometry and laboratory tests

BMI was defined as weight (in kilograms) divided by
the square of height (in meters). Waist circumference
was recorded as the average of two measurements
while the subject was standing at midpoint between
the lowest rib and the iliac crest. Blood sampling was
obtained at least 14 h of fasting. Levels of total cho-
lesterol, triglycerides (T'G), low-density lipoprotein
cholesterol (LDL) and high-density lipoprotein cho-
lesterol (HDL), glucose, creatinine, hemoglobin were

assayed by routine laboratory techniques. Plasma
concentration of insulin was measured in duplicate
using commercial available kit (Biosource, Cama-
rillo, CA). Homeostasis model assessment index
(HOMA) was defined as fasting plasma insulin
(mu/l) X fasting glucose (FG; mg/dl)/405 by using
Matthews’s equation (12). The coefficients of varia-
tion were less than 5% for every measurement.

Echocardiograms

Complete transthoracic two-dimensional echocar-
diograms were obtained. Standard parasternal and
apical views were obtained in the left lateral decubi-
tus position using available equipment (Vivid 3 pro,
GE Vingmed, Milwaukee, USA). Images were digi-
tally stored and reviewed by a single cardiologist
blinded to the subject’s information in order to avoid
inter-reader variability. Echocardiograms of 10 sub-
jects were randomly selected and a second measure-
ment of epicardial fat thickness (EFT) was performed
1 week later to assess the intraobserver variability.
Measurement of the left ventricle (LV) and left atrial
(LA) diameters was performed on M-mode traces
recorded from the parasternal long axis view accord-
ing to established standards (13). Left ventricular
mass (LVM) was calculated by using the Devereux
Formula as described (14). EFT was measured
according to the method previously described and
validated (15). The epicardial fat was identified as
the echo-free space between the outer wall of the
myocardium and the visceral layer of the pericar-
dium. EFT was measured perpendicularly on the
free wall of the right ventricle at end-diastole in three
cardiac cycles. The maximum EFT was measured at
the point on the free wall of the right ventricle along
the midline of the ultrasound beam, perpendicular
to the aortic annulus. For the mid-ventricular
parasternal short-axis assessment, maximum EFT
was measured on the free wall of the right ventricle
along the midline of the ultrasound beam, perpen-
dicular to the interventricular septum at mid-chordal
and the tip of the papillary muscle level, as the ana-
tomic landmark. Intraobserver variability of the EFT
was 2.7%.

Exercise stress testing

All the subjects instructed not to eat, drink any bev-
erages or smoke for 4 h before the test underwent a
symptom-limited exercise stress testing according to
Bruce protocol (Quinton Treadmill system, Quinton,
Inc., Bothell, WA, USA). The Tango exercise BP
monitor (SunTech Medical, Morrisville, North Car-
olina) was used to automatically measure and display
a subject’s SBP, DBP and heart rate (HR). BP and
HR were measured before, at 2 min of each stage
of exercise and during the recovery. Exercise was
stopped when the subjects demanded cessation
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because of exhaustion, or if the HR achieved was
more than 95% of estimated maximal HR (220 — age).
HR and BP at peak exercise were recorded. During
the recovery phase, the subjects continued to walk
for 60 s at a speed of 1.5 mph and they sat down for
3 min with continued BP, HR and rhythm monitor-
ing. Myocardial ischemia was defined as J-point and
ST80 (the point 80 ms from the J-point) depression
of 0.1 mV.

Hypertensive response to treadmill exercise test-
ing was defined as a BP of = 210/105 mmHg
and = 190/105 mmHg at peak exercise in males and
females, respectively (3). BP recovery index (BPRI)
was defined as the ratio of the SBP at 3rd minute of
recovery phase to SBP at peak exercise (16). Meta-
bolic equivalents (METS) were calculated from the
treadmill speed and the grade at peak exercise accord-
ing to the previously described formula (17).

Statistical analysis

Statistical analysis was carried out with a commer-
cially available statistical package (SPSS for Windows
version 10.0; SPSS Inc Chicago, IL, USA). Data are
presented as mean = SD for continuous variables
and as relative frequencies for discrete variables.
Mann-Whitney U test was used for continuous vari-
ables and the chi-square test was used for categorical
changes. Relationships between variables were exam-
ined with Pearson correlation coefficients. The cut-
off value of EFT for predicting the hypertensive
response to exercise test with corresponding sensitiv-
ity and specificity was estimated by receiving opera-
tor characteristic (ROC) curve analysis. Multivariate
logistic regression analysis was performed to assess
which factors independently influence EFT. Variables
selected for inclusion in the model were those sig-
nificant at univariate analysis. A p-value <0.05 was
considered to indicate statistical significance.

Results

Among 80 subjects, 52 (65%) were men and
28 (35%) were women. The mean (SD) for age was
50 * 8 years. There was no significant difference
between the two groups with regard to age, gender,
smoking, waist circumference, BMI, serum glucose
level, homeostatic model assessment of insulin resis-
tance (HOMA-IR) index and serum lipid parame-
ters. Table I shows baseline demographic properties
of the study subjects.

Comparison of exercise stress testing and echo-
cardiographic parameters is shown in Table II. The
mean EFT and BPRI of Group 1 were significantly
higher than Group 2 (EFT; 8.2 = 1.1 mm vs
5.1 £ 1.5 mm; p = 0.0001 and BPRI; 0.92 *+ 0.06
vs 0.77 = 0.09; p = 0.0001). LV end-diastolic and
end-systolic diameters, left atrium (LLA) dimension,

Table I. Demographic and biochemical variables.

Group 1 Group 2

(n = 32) (n=48)  p-value
Age (years) 49 + 7 50 £ 8 NS
Gender (% male) 52 72 NS
BMI (kg/m?) 27 = 1.1 26 = 0.8 NS
Waist circumference (cm) 95 + 10 91 = 7 NS
Smoking (%) 87.5 60 NS
TG (mg/dl) 134 = 10 130 = 19 NS
LDL (mg/dl) 115 = 12 110 = 15 NS
HDL (mg/dl) 51 =6 45 *+ 5 NS
Total cholesterol (mg/dl) 195 = 10 185 = 10 NS
FG (mg/dl) 98 = 6 95 = 8 NS
Hb (g/dl) 13.7 £ 0.5 13.9 + 0.6 NS
Creatinine (mg/dl) 0.94 = 0.14 090 = 0.12 NS
HOMA-IR 1.8 £04 1.7 = 0.2 NS

BMI, body mass index; TG, triglyceride; LLDL, low-density
lipoprotein; HDL, high-density lipoprotein; FG, fasting glucose;
Hb, hemoglobin; HOMA-IR, homeostatic model assessment of
insulin resistance; NS, not significant.

and LVM were no different between the two groups.
Basal HR, maximal HR, basal BP values, peak DBP
and METS also were not different between two
groups. Peak SBP of Group 1 was significantly higher
(205.8 = 12 mmHg vs 175 *= 16.8 mmHg;
p = 0.0001) than that of Group 2.

In correlation analysis performed in Group 1,
EFT showed a strong correlation with BPRI (» = 0.51,
p < 0.003) (Figure 1) and with peak SBP (» = 0.60,
p = 0.001). Both EFT and BPRI were found to
correlate positively with waist circumference (EFT:
r = 0.44, p = 0.01 and BPRI: » = 0.30, p = 0.05)
and negatively with METS (EFT: » = —0.40,
p = 0.008 and BPRI: r = —0.32, p = 0.05).

Table II. Comparison of exercise stress testing and echocardio-
graphic parameters.

Group 1 Group 2
(n = 32) (n = 48) p-value
LV end-diastolic 52+ 04 5.1 £0.3 NS
diameter (cm)
LV end-systolic 3.0 £ 0.2 3.0+ 0.3 NS
diameter (cm)
LA diameter (cm) 3.5+ 0.2 3.4+ 0.3 NS
EF (%) 65 = 3 66 = 4 NS
EFT (mm) 8.2 = 1.1 51=*1.5 0.0001
LVM (g/m?) 108 = 11.7 102 = 10.4 NS
Basal HR (beats/min) 81 £ 9 79 =5 NS
Maximum HR (beats/ 162 *= 11 164 = 7 NS
min)
Basal SBP (mmHg) 119.4 + 4 119.2 = 4 NS
Basal DBP (mmHg) 75 +5 76 + 5 NS
Peak SBP (mmHg) 205.8 = 12 175 = 16.8  0.0001
Peak DBP (mmHg) 85 * 4 84 + 4 NS
BPRI 0.92 £ 0.06 0.77 = 0.09 0.0001
METS 10.8 = 0.6 11.4 = 0.8 NS

LV, left ventricular; LA, left atrium; EF, ejection fraction; EFT,
epicardial fat thickness; LVM, left ventricular mass; HR, heart
rate; SBP, systolic blood pressure; DBP, diastolic blood pressure;
BPRI, blood pressure recovery index; METS, metabolic
equivalents.



306 C. Sengul et al.

07501 °

5.00 6.00 7.00 8.00 9.00 10.00

EFT (mm)

Figure 1. Scatter plot of the relation between blood pressure
recovery index (BPRI) and epicardial fat thickness (EFT).

An EFT of =6.5 mm predicted the hypertensive
response to peak exercise test with 68.8% sensitiv-
ity and 87.5% specificity (ROC area under curve:
0.879, 95% CI 0.793-0.965, p < 0.001). Patients
with EFT = 6.5 mm showed a significantly
increased BPRI (0.89 = 0.07 vs 0.74 = 0.09,
» < 0.0001) and peak SBP (198.4 = 15.3 mmHg vs
169.4 = 19.8 mmHg, p < 0.0001). Moreover, there
were significant differences in METS, maximum
HR, HOMA-IR, HDL.-cholesterol, waist circum-
ference and age values between two patients groups
dichotomized according to the cut-off value of EFT
(Table IIT). Multivariate logistic regression analysis
was performed with EFT as a dependent variable
and with BPRI, age, waist circumference, HOMA-
IR, HDL, METS and maximum HR as indepen-
dent variables. Peak SBP was not included in the
model because BPRI was derivative of it. BPRI was
the only independent variable related to EFT in the
multivariate analysis (odds ratio = 1.4, 95% CI
2.75-7.16, p = 0.001).

Discussion

The primary findings of this study were that epicar-
dial fat was thicker in subjects with hypertensive
response to peak exercise stress testing and EFT was
significantly associated with BPRI. The secondary
findings of this study were that an EFT of =6.5 mm
predicted the hypertensive response to peak exercise
test with 68.8% sensitivity and 87.5% specificity, and
BPRI was the only independent variable significantly
related to EFT in the multivariate analysis. To our
knowledge, this is the first report showing the rela-
tionship between EFT and altered BP responses to
exercise stress testing in normotensive subjects.
Ectopic fat is an important predictor of metabolic
and cardiovascular disease, carrying more risk than
general fat accumulation. Within this concept, epi-
cardial fat has been emerged as a new cardiometabolic

Table III. Clinical and laboratory parameters according to
epicardial fat thickness (EFT).

EFT <6.5 mm EFT =6.5 mm

Variable (n = 52) (n = 28) p-value
Age (years) 477 £17.3 54 = 7.8 0.001
Gender (% male) 65 57 NS
Waist circumference 90.2 = 10.7 96.5 = 9.4 0.010
(cm)
FG (mg/dl) 94 + 8.2 97.4 + 7.1 NS
Total cholesterol 197.8 = 18.3 204.9 = 22.8 NS
(mg/dl)
LDL (mg/dl) 120.2 = 16.5 121.8 = 21.1 NS
HDL (mg/dl) 48.3 = 4.5 51 £ 6.3 0.032
TG (mg/dl) 129.7 £ 17.9 132.4 = 22.1 NS
Hb (g/dl) 13.8 £ 0.6 14 = 0.7 NS
HOMA-IR 1.67 = 0.18 1.79 = 0.31 0.029
Peak SBP (mmHg) 169.4 = 19.8 198.4 = 15.3 0.0001
Basal HR (beats/min) 78.8 = 5.8 81.7 = 5.9 0.044
Maximum HR 166.4 + 8 158.6 + 6.6 0.0001
(beats/min)
METS 12.1 = 0.8 10.9 = 0.4 0.0001

BPRI 0.74 = 0.09 0.89 = 0.07 0.0001

FG, fasting glucose; LDL, low-density lipoprotein; HDL, high-
density lipoprotein; TG, triglyceride; Hb, hemoglobin; HOMA-
IR, Homeostatic model assessment of insulin resistance; SBP,
systolic blood pressure; HR, heart rate; METS, metabolic
equivalents; BPRI, blood pressure recovery index.

risk factor recently (7). It has been reported that
EFT reflects intra-abdominal visceral fat (18). Sup-
porting this, EFT was found to be correlated with
waist circumference in our study.

There is some data about possible association
between epicardial fat and hypertension in litera-
ture. Several studies have shown a link between epi-
cardial fat accumulation, and development of
coronary heart disease and hypertension (19-21).
Sironi et al. (21) demonstrated that fat was prefer-
entially accumulated intra-abdominally and intratho-
racically in newly found, untreated men with
essential hypertension. It was recently shown that
early hypertension was associated with epicardial
ectopic fat along with visceral fat (9). Altered BP
responses such as hypertensive response at peak
exercise and blunted BPRI have been suggested as
risk factors for future onset of hypertension in previ-
ous studies (2-4). Although the mechanisms respon-
sible for this altered BP responses have not been
fully revealed, endothelial dysfunction and disturbed
cardiovascular autonomic system have been sug-
gested as a possible candidates (4,16,22,23). Burger
et al. (10) have recently demonstrated that healthy
obese subjects showed an enhanced response of SBP
to a fixed, moderate level of exercise. A recent study
showed that post-exercise BP recovery was lower in
type 2 diabetic patients when compared with non-
diabetic persons (22). Although there was no differ-
ence between the BMI and HOMA in our two
groups, the significantly higher EFT in subjects with
hypertensive response to peak exercise and signifi-
cant correlation between the EFT and BPRI could
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suggest the importance of the EFT as an early
cardiometabolic risk factor even before the general
fat accumulation in non-obese individuals.

Supporting the previous studies suggesting an
association between epicardial fat tissue and hyper-
tension, the results of the present study raise the
question of possible function of epicardial adipose
tissue as an endocrine or paracrine organ. Although
epicardial fat tissue is the true visceral fat depot of
the heart, it is also an extremely active organ that
produces cytokines and adipokines. Epicardial fat
tissue-derived adiponectin production has been
shown to be decreasing in patients with hypertension
(8) and decreased adiponectin has been shown to be
related to increased collagen deposition and arterial
stiffness (24).

Lastly, our study showed that EFT and BPRI
both correlated negatively with METS, an indirect
measure of cardiorespiratory fitness. This result can
be partly related to interactions between physical fit-
ness level and visceral fat accumulation. Poor physi-
cal fitness has been shown to be associated with
higher levels of total and abdominal fat, independent
of BMI in the Canada Fitness Survey (25). As a
result, it could be argued that poor physical fitness
might cause excess body fat and these two disorders
could constitute a vicious circle.

We acknowledge that there are limitations to our
findings. Firstly, EFT was not found to correlate with
HDL, TG, FG, HOMA and age in our study, as
opposed to previous studies (15), but we have to
admit that our subjects were middle-aged, healthy
and without metabolic syndrome. Secondly, the lack
of data about cytokines specific epicardial fat tissue
does not permit any causal inference. Future research
is certainly needed in large number of patients with
more direct measurements of EFT and epicardial fat
volume, including computed tomography. It is impor-
tant to measure adipokines to find a causal link
between adiposity and hypertension.

In summary, we have shown that epicardial fat
tissue, a new cardiometabolic risk factor, was related
to altered BP responses to exercise stress testing in
non-obese, normotensive individuals. The echocar-
diographic measurement of EFT may serve as a use-
ful non-invasive indicator of heightened risk of future
hypertension.
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