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Epicardial fat tissue has unique endocrine and paracrine functions that affect the cardiac autonomic 
system.  Epicardial fat thickness (EFT) and blunted heart rate recovery (HRR) are newly identified  
cardiovascular risk factors in patients with metabolic syndrome (MS).  The objective of this study is to 
evaluate the association between EFT and HRR in patients with MS.  Forty patients with MS and 36 healthy 
controls were included in the study.  Echocardiographic EFT and HRR at 1min after exercise termination 
(HRR-1) are measured and compared between the two groups.  HRR-1 equal to or lower than 18 beats is 
considered as blunted HRR.  EFT was increased (7.2 ± 2 vs. 5.6 ± 1.8 mm; p = 0.001) and HRR-1 was 
significantly reduced in patients with MS compared to control group (21 ± 8 vs. 26 ± 9; p = 0.006).  Among 
the MS patients, subjects with blunted HRR had increased EFT compared to patients without blunted HRR 
(8.5 ± 2.0 vs. 5.9 ± 1.1 mm, p < 0.001).  In multivariate analysis, EFT was the only independent predictor of 
blunted HRR in patients with MS (95% confidence interval = 1.42-3.87, OR = 2.34, p = 0.001).   
Furthermore, EFT of equal to or thicker than 5.5 mm was associated with the blunted HRR with 84%  
sensitivity and 52% specificity (ROC area under curve: 0.84, 95% confidence interval = 0.70-0.96, p < 
0.001).  In conclusion, EFT is an independent predictor of blunted HRR, a novel cardiovascular risk factor, 
in patients with MS.
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Heart rate recovery (HRR) is defined as the rate of 
decrease in heart rate (HR) after a maximal graded exercise 
test.  The HRR is predominantly determined by the cardiac 
autonomic functions.  Slow deceleration of HR following 
exercise (blunted HRR) is a predictor of cardiovascular dis-
ease and all-cause mortality (Cole et al. 1999; Watanabe et 
al. 2001).  This condition is common in patients with meta-
bolic syndrome (MS) and contributes to the increased risk 
of cardiovascular events.

Epicardial fat tissue has unique endocrine and parac-
rine functions that impair the cardiac autonomic system.  In 
fact, some epicardial fat-related cytokines, such as adipo-
nectin, resistin, and free fatty acids, have been linked to 
hypertension, coronary artery disease, endothelial dysfunc-
tion, and sympathetic overactivity (Brunn et al. 2003; Tan 
et al. 2004; Iacobellis et al. 2005b; Dick et al. 2006).  
Moreover, the association between the epicardial fat and 
cardiovascular diseases was reported in patients with MS 
(Iacobellis et al. 2005a; Wang et al. 2009; Gastaldelli and 
Basta 2010).  We have therefore hypothesized that the effect 
of epicardial fat tissue on cardiac autonomic functions can 
be reflected as blunted HRR in patients with MS.

Methods
Randomly selected forty-three patients with MS from our out-

patient clinic were evaluated.  Patients with the history of established 
heart disease, liver disease, cancer, chronic renal disease, alcohol or 
drug abuse, hypo- or hyperthyroidism were excluded from the study.  
Previous usage of any medication affecting blood pressure (BP), 
blood glucose levels or blood lipid levels was considered as exclusion 
criteria.  The usage of cardiovascular medications that alter HR res-
ponse to exercise such as beta-blockers or calcium channel blockers 
were also deemed as exclusion criteria.  Three patients did not agree 
to sign the informed consent form and were excluded.  Thirty-six age- 
and sex-matched normotensive, non-obese healthy subjects formed 
the control group.  All subjects underwent exercise stress test and 
transthoracic echocardiography to determine HRR at 1 min after exer-
cise termination (HRR-1) and epicardial fat thickness (EFT).  Written 
consents were obtained from all subjects.  The study protocol was 
approved by Goztepe Medical Park Hospital Ethic Committee.  
Investigations were in accordance with the Declaration of Helsinki.

Anthromorphometry, blood pressure measurement, and laboratory 
tests

Body mass index (BMI) was defined as weight (in kilograms) 
divided by the square of height (in meters).  Waist circumference (in 
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centimeters) was recorded as the average of two measurements while 
the subject was standing at midpoint between the lowest rib and the 
iliac crest.  After a 30-minute acclimation period, BP was measured 3 
times to the nearest 2 mmHg in the sitting position using a mercury 
sphygmomanometer and appropriately sized cuffs.  The average of 3 
measurements was used to calculate systolic and diastolic BP.

Blood sampling was obtained at least 12 hrs of fasting.  Levels 
of total cholesterol, triglycerides (TG), low density lipoprotein-cho-
lesterol (LDL), and high density lipoprotein-cholesterol (HDL), glu-
cose, hemoglobin, and creatinine were assayed by routine laboratory 
techniques.  Plasma concentration of insulin was measured in dupli-
cate using commercial available kit (BIOSOURCE, Camarillo, CA).  
Homeostasis model assessment index of insulin resistance 
(HOMA-IR) was defined as fasting plasma insulin (mu/L) × fasting 
glucose (mg/dl)/405 by using Matthews’s equation (Matthews et al. 
1985).  The coefficients of variation were less than 5% for every mea-
surement.  Due to lack of definite criteria of MS in Turkey, MS was 
defined according to the Adult Treatment Panel III (ATP-III) criteria 
(Tartan et al. 2006).  The subjects were diagnosed as having MS if 3 
or more of the 5 criteria were met; 1) Waist circumference > 102 cm 
in men or > 88 cm in women, 2) triglycerides > 150 mg/dl, 3) HDL  
< 40 mg/dl in men or < 50 mg/dl in women, 4) BP > 130/85 mmHg, 
5) fasting blood glucose > 110 mg/dl.

Stress test
All the subjects underwent a symptom-limited exercise stress 

test according to the Bruce protocol (Quinton Treadmill system, 
Quinton, Inc., Bothell, WA, USA).  The Tango exercise BP monitor 
(SunTech Medical, Morrisville, North Carolina) was used to automat-
ically measure and display a subject’s systolic, diastolic BP, and HR.  
BP and HR were measured before, at 2 min of each stages of exercise.  
Exercise was stopped when the subjects demanded cessation due to 
exhaustion, or if the HR achieved was more than 95% of estimated 
maximal HR (220-age).  During the recovery phase, the subjects con-
tinued to walk for 60 sec at the speed of 1.5 mph and they sat down 
for 3 min with continued BP, HR, and rhythm monitoring.  HRR-1 
was obtained by subtracting HR at the first minute of recovery from 
peak HR obtained during exercise.  A HRR-1 ≤ 18 beats/min was 

considered blunted (Watanabe et al. 2001).  Metabolic equivalents 
(METS) were calculated from the treadmill speed and the grade at 
peak exercise in accordance with previous studies (Gulati et al. 2003).

Echocardiography
Complete transthoracic 2-dimensional echocardiograms were 

obtained from the standard parasternal and apical views with the 
available equipment (Vivid 3 pro, GE Vingmed, Milwaukee, USA).  
Images were digitally stored and reviewed by a single cardiologist 
blinded to the subject’s information in order to avoid inter-reader 
variability.  Left ventricular ejection fraction (EF) was measured with 
modified Simpson’s rule from 2-dimensional echocardiographic trac-
ings obtained in apical 4-chamber view according to American 
Society of Echocardiography criteria (Lang et al. 2005).

EFT was measured according to the method previously 
described and validated (Iacobellis et al. 2003).  The epicardial fat 
was identified as the echo-free space between the outer wall of the 
myocardium and the visceral layer of the pericardium.  EFT was mea-
sured perpendicularly on the free wall of the right ventricle at end-
diastole in 3 cardiac cycles.  The maximum EFT was measured at the 
point on the free wall of the right ventricle along the mid-line 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 mid-line of 
the ultrasound beam, perpendicular to the interventricular septum at 
mid-chordal and the tip of the papillary muscle level, as the anatomic 
landmark (Fig. 1).  The maximum value at any site was measured, 
and the average value was calculated.  Echocardiograms of 12 sub-
jects were randomly selected and second measurement of EFT was 
performed 1 week later to assess intra-observer variability.  Intra-
observer variability of the EFT was 4.7%.

Statistical Analysis
Mean values were calculated for continuous variables and abso-

lute and relative frequencies for discrete variables.  Univariate com-
parisons of continuous data were carried out with the use of unpaired 
Student’s t-tests (or Mann-Whitney U test if applicable) and discrete 
variables were compared with [chi]2 tests (or Fisher’s exact tests if 

Fig. 1.  Measurement of epicardial fat thickness by two-dimentional transthoracic echocardiography.
Shown are the images used for the measurement of epicardial fat thickness in parasternal long axis (A) and short axis 
(B) at end-diastole of the cardiac cycle.
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applicable).  The relationship between HRR-1 and the other variables 
were assessed using Pearson correlation analysis in patients with MS.  
MS patients were categorized into two groups according to HRR-1 
cut-off value (normal HRR: HRR-1 > 18; blunted HRR: HRR-1  
≤ 18).  The univariate analysis was performed as the initial step.  The 
variables with p value ˂ 0.10 (EFT, total cholesterol, glucose, 
HOMA-IR, METS) were included in multivariate stepwise logistic 
regression analysis to assess the association with blunted HRR.  LDL-
cholesterol was not included due to significant correlation with total 
cholesterol levels.  The cut-off value of EFT which was related to the 
blunted HRR with corresponding sensitivity and specificity was esti-
mated by receiving operator characteristic (ROC) curve analysis.  All 
comparisons were two-sided and P ˂ 0.05 was considered to be signi-
ficant.  Statistical analysis was carried out with a commercially avai-
lable statistical package (SPSS for Windows Version 10.0; SPSS, Inc., 
Chicago, Illinois, USA).

Results
The baseline characteristics of the patients with MS 

and the controls were presented in Table 1.  HOMA-IR, 
BMI, waist circumference, total cholesterol, LDL choles-
terol, fasting glucose and triglyceride levels were signifi-
cantly increased in patients with MS.  Plasma HDL levels 
were lower in patients with MS.  Age, sex, plasma hemo-
globin and creatinine levels were similar for the two groups.

EFT was significantly increased (7.2 ± 2 vs. 5.6 ± 1.8 
mm; p = 0.001) in subjects with MS, while METS (11.1 ± 
0.9 vs. 11.7 ± 0.8; p = 0.001) and HRR-1 (21 ± 8 vs. 26 ± 9; 
p = 0.006) were significantly lower compared to the control 
group.  Left ventricular EF, basal HR, and peak HR were 
similar between two groups (Table 2).  In Pearson correla-
tion analysis, HRR-1 significantly correlated with EFT  
(r: −0.56, p: 0.0001), HOMA-IR (r: −0.43, p: 0.006), 
METS (r: 0.38, p: 0.001), and total cholesterol levels  

Table 1.  Demographic and laboratory variables of the patients with MS and the controls.

Metabolic Syndrome Group  
(n = 40)

Control Group 
(n = 36) p value

Age (years)   48 ± 10 49 ± 9 0.64
Gender (male/female) 22/18 20/16 0.65
BMI (kg/m²) 28 ± 2 25 ± 2 0.001
WC (cm) 99 ± 6 91 ± 2 0.0001
Systolic BP (mm Hg) 144 ± 16 120 ± 14 0.0001
Diastolic BP (mm Hg) 82 ± 8 74 ± 8 0.0001
HR (beats/minute) 81 ± 2 80 ± 6 0.78
Total Cholesterol (mg/dL) 222 ± 15 200 ± 21 0.0001
LDL-C (mg/dL) 134 ± 10 122 ± 18 0.0001
HDL-C (mg/dL) 42 ± 5 49 ± 5 0.0001
Triglyceride (mg/dL) 177 ± 28 130 ± 18 0.008
FG (mg/dL) 108 ± 9 95 ± 8 0.0001
Hb (g/dL) 13.7 ± 0.7 13.9 ± 0.6 0.74
Creatinine (mg/dL)   0.95 ± 0.10   0.94 ± 0.12 0.85
HOMA-IR   3.9 ± 0.7   1.6 ± 0.2 0.0001

MS, metabolic syndrome; WC, waist circumference; BP, blood pressure; BMI, body mass index; LDL-C, low 
density lipoprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; FG, fasting glucose; Hb, hemoglobin; 
HOMA-IR, Homeostatic model assessment of insulin resistance; HR, heart rate; NS, not significant.

Table 2.  Echocardiographic and exercise stress test variables between groups.

Metabolic Syndrome Group  
(n = 40)

Control Group
(n = 36) p value

EFT (mm) 7.2 ± 2 5.6 ± 1.8 0.001
EF (%) 66 ± 3 65 ± 3 0.84
Basal HR (beats/minute) 81 ± 2 80 ± 6 0.78
Peak HR (beats/minute) 162 ± 10 164 ± 8 0.25
METS 11.1 ± 0.9 11.7 ± 0.8 0.001
HRR-1 21 ± 8 26 ± 9 0.006

EFT, epicardial fat thickness; EF, ejection fraction; HR, heart rate; HRR-1, heart rate recovery at 1 min 
after exercise; METS, Metabolic equivalents.
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(r: −0.23, p: 0.05) (Table 3).
The MS patients were categorized into two groups 

according to HRR-1 value: normal HRR (HRR-1 > 18) and 
blunted HRR (HRR-1 ≤ 18).  EFT (8.5 ± 2 vs. 5.9 ± 1.1 
mm, p ˂ 0.001), total cholesterol (228.2 ± 13.5 vs 216.5 ± 
16.1 mg/dL, p = 0.018), LDL cholesterol (137.6 ± 7.1 vs. 
130.6 ± 11.1 mg/dL, p = 0.025), and HOMA-IR (4.2 ± 0.7 
vs. 3.7 ± 0.7, p = 0.052) were higher, but glucose (104.9 ± 
7.6 vs. 111.3 ± 10.1 mg/dL, p = 0.033) and METS (10.8 ± 
0.8 vs. 11.5 ± 0.9, p = 0.023) were significantly lower in 
patients with MS and blunted HRR (Table 4).  Multivariate 

logistic regression analysis demonstrated that EFT was the 
only parameter associated with blunted HRR in patients 
with MS (OR = 2.34, p = 0.001) (Table 5).  An EFT of ≥ 5.5 
mm was associated with the blunted HRR with 84.2% sen-
sitivity and 52.4% specificity [ROC area under curve: 0.84, 
95% CI (0.70-0.96), p ˂ 0.001].

Discussion
We found that EFT was the independent predictor of 

blunted HRR in patients with MS.  This finding may help 
identify patients who have potentially increased cardiovas-
cular risk during the routine echocardiographic examinati-
ons.

Autonomic dysfunction characterized by either high 
sympathetic or low vagal activity is a marker of increased 
risk for all-cause mortality (Tsuji et al. 1996; Manfrini et al. 
2003).  MS is also associated with enhanced sympathetic 
neural drive and vagal impairment (Manzella et al. 2001).  
Previous studies have shown that hyperinsulinemia or insu-
lin resistance, the basic pathological process in MS is asso-
ciated with high sympathetic activity and may contribute to 
low cardiac vagal tone (Van De Borne et al. 1999; 
Straznicky et al. 2008).  Blunted HRR after exercise, a sign 
of autonomic dysfunction, has been demonstrated to be a 
strong predictor of all-cause mortality in several studies 
(Imai et al. 1994; Lind and Andren 1999).  Moreover, pati-
ents with MS and several of its components have been 
shown to have blunted HRR (Thomson et al. 2010).  
Cardiac autonomic dysfunction and blunted HRR may 
partly explain increased cardiovascular risk related to the 
MS.  In accordance with these studies, the present study 

Table 3.	 Correlation between HRR1 and other measured 
variables.

Correlation  
coefficient p value

Age −0.39 0.33
WC −0.12 0.47
Triglyceride 0.003 0.99
Systolic BP −0.21 0.18
Diastolic BP −0.17 0.30
Total Cholesterol −0.23 0.05
LDL −0.19 0.1
METS 0.38 0.001
EFT −0.56 0.0001
HOMA-IR −0.43 0.006

WC, waist circumference; BP, blood pressure; LDL-C, 
low density lipoprotein-cholesterol; METS, Metabolic 
equivalents; EFT, epicardial fat thickness; HOMA-IR, 
Homeostatic model assessment of insulin resistance.

Table 4.  Univariate analysis of clinical variables in two groups of MS patients according to blunted HRR.

Blunted HRR
(n = 19)

Normal HRR
(n = 21) p value

Age (years)   48 ± 9   48.6 ± 11.9 0.85
Female gender (%) 52.6 38.1 0.36
WC (cm) 101.2 ± 8.3 98.9 ± 5.1 0.28
FG (mg/dL) 104.9 ± 7.6 111.3 ± 10.1 0.033
Total cholesterol (mg/dL)   228.2 ± 13.5 216.5 ± 16.1 0.018
LDL cholesterol (mg/dL) 137.6 ± 7.1 130.6 ± 11.1 0.025
HDL cholesterol (mg/dL)   43.3 ± 6.2 41.6 ± 5.1 0.35
Triglyceride (mg/dL)   180.2 ± 34.7 174.6 ± 22.4 0.55
Systolic BP (mm Hg) 146.6 ± 18 142.2 ± 13.1 0.38
Diastolic BP (mm Hg)   82.1 ± 8.5 82 ± 8 0.99
Basal HR (beats/minute)      81 ± 2.8 80.9 ± 1.9 0.79
Peak HR (beats/minute) 161.8 ± 9.1 163.1 ± 12.1 0.69
HOMA-IR 　4.2 ± 0.7   3.7 ± 0.7 0.052
METS   10.8 ± 0.8 11.5 ± 0.9 0.023
EFT (mm)  8.5 ± 2   5.9 ± 1.1 0.001

WC, waist circumference; BP, blood pressure; HR, heart rate; LDL-C, low density lipoprotein-choles-
terol; HDL-C, high density lipoprotein-cholesterol; FG, fasting glucose; HOMA-IR, Homeostatic model 
assessment of insulin resistance; EFT, epicardial fat thickness; METS, Metabolic equivalents; NS, not 
significant.



Epicardial Fat and Heart Rate Recovery 261

demonstrated that HRR-1 was significantly lower in pati-
ents with MS.  It also showed that HOMA-IR and total cho-
lesterol were correlated with HRR-1.  However, EFT was 
the only independent predictor of blunted HRR in patients 
with MS.  The findings of our study suggest that EFT may 
have an active role in cardiovascular disorders in patients 
with MS.

The epicardial fat is in close contact to the myocar-
dium, and it may have local deleterious effects on the car-
diac structure and function (Iacobellis et al. 2005a; 
Gastaldelli and Basta 2010).  Recent studies suggest that 
epicardial fat is not only a fat depot of heart but also an 
extremely active organ (Brunn et al. 2003; Tan et al. 2004; 
Iacobellis et al. 2005b; Dick et al. 2006).  Tan et al.  (2004) 
reported that hypoadiponectinemia was associated with 
impaired endothelium-dependent vasodilation and they sug-
gested adiponectin as a link between adipose tissue and the 
vasculature.  Dick et al. (2006) showed that resistin 
impaired endothelium-dependent vasodilation to bradikinin 
in the coronary circulation.  Manzella et al. (2001) showed 
that elevated plasma fatty acid concentrations may also 
stimulate cardiac autonomic nervous system activity 

through an increase in plasma catecholamine concentra-
tions.  These data suggest that EFT is not a bystander; but it 
can have an active role in the development of cardiovascu-
lar disorders.

Endothelial function plays a key role in determining 
the clinical manifestations of established atherosclerotic 
lesions and further cardiovascular events (Celermajer et al. 
1994).  Epicardial fat seems to affect the endothelial func-
tion and increase sympathetic system activity by its para-
crine effect.  A recent study by Aydin et al. (2010) reported 
that EFT correlated with endothelial dysfunction assessed 
by flow-mediated dilatation at the brachial artery in patients 
with MS.  On the other hand, increased sympathetic activa-
tion and decreased vagal activity could markedly suppress 
endothelial function (Hijmering et al. 2002; Huang et al. 
2004).  Based on these data and our findings, cardiac auto-
nomic dysfunction and associated-endothelial dysfunction 
may be suggested as mechanisms of EFT for increased 
CVD risk in MS patients.

An important limitation of this study is that the pres-

ence of coronary heart disease can not be ruled out defi-
nitely, because coronary angiography was not performed.  
However, it seems unlikely that a major ischemic contribu-
tion was present, because of absence of the ischemic signs 
during exercise stress test.  We performed echocardiogra-
phy for measuring EFT, although there are other methods 
such as cardiac computed tomography or cardiac magnetic 
resonance, which provide accurate data (Ueno et al. 2009).  
Our cross-sectional design and lack of biachemical data 
about cytokines do not permit any causal inference.  Future 
research is needed with more direct measurements of EFT 
and epicardial fat volume.

Conclusions
EFT was significantly associated with blunted HRR in 

patients with MS.  Given that blunted HRR is an indepen-
dent predictor of cardiovascular disease and all-cause mor-
tality, the echocardiographic assessment of epicardial fat 
may have the potential to be a simple marker of increased 
cardiovascular risk in patients with MS.
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