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Comparison of epicardial fat thickness in diabetic patients
compared to non-diabetics with acute myocardial infarction
and ST-segment elevation (AMI-STEMI)
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Abstract

Introduction: Visceral fat has deleterious metabolic effects and has been associated with myocardial ischemia. Objective:
To compare epicardial fat thickness in diabetic versus non-diabetic patients with acute myocardial infarction with ST-segment
elevation. Material and methods: We performed a cross-sectional study in 60 patients with acute myocardial infarction with
ST-segment elevation (30 diabetic and 30 non-diabetic). Cardiovascular risk factors and Thrombolysis in Myocardial Infarction
(TIMI) score were registered. Using echocardiography, left ventricle ejection fraction and epicardial fat measured in the
interventricular septum, right ventricle outflow tract, apex, and right ventricle free wall was evaluated. Results: Epicardial fat
at the apex (6.1 vs. 5.8 mm; p = 0.038) and in the interventricular septum (7.0 vs. 5.7 mm; p = 0.033) was higher in diabetic
versus non-diabetic patients. In diabetic patients, plasmatic glucose correlated with TIMI score (R: 0.49; p = 0.005) and body
mass index (R: -0.50; p = 0.004). The TIMI score (4.5 vs. 3.4; p = 0.04), body mass index (29.3 vs. 26.4; p = 0.008), epicardial
fat in the interventricular septum (6.8 vs. 4.7; p = 0.000004) and in the right ventricle outflow tract (6.8 vs. 5.0; p = 0.000042)
were higher in patients with fat in apex > 6 mm. Conclusions: In diabetic patients with acute myocardial infarction with
ST-segment elevation, interventricular septum and apex epicardial fat was higher compared with non-diabetic patients.
(Gac Med Mex. 2016;152:309-13)
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|ntroduction

Diabetes mellitus (DM) global prevalence is rapidly
increasing as a result of population ageing, urbaniza-
tion and lifestyle-associated changes. World-wide, es-
timated number of diabetic people for the year 2035
will be 592 million, which accounts for 8.7% of adult
population’. Cardiovascular conditions are the main
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cause of death in diabetic patients, with a risk 2-4-fold
higher than in the general population?.

On the other hand, visceral adiposity has acquired
relevance owing to its association with pathologies such
as coronary artery disease and type 2 diabetes mellitus
(type 2 DM) and, recently, extra-abdominal regional
visceral fat deposits, including epicardial adipose tis-
sue. In physiological conditions, epicardial adipocytes
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appear smaller than abdominal adipocytes, their protein
content is higher, the rate of glucose utilization is lower
and the synthesis of fatty acids and their subsequent
degradation is higher than in other visceral adipocytes,
suggesting that this tissue exerts a buffer effect that
protects the heart from exposure to high levels of cir-
culating fatty acids and the ensuing cardiotoxicity
thereby generated, in addition to being considered a
possible energy source for the myocardium?. However,
adipocytes can be an important source of anti-inflam-
matory and inflammatory adipocytokines, which might
cross the coronary arteries wall, or be directly released
into the vasa vasorum and then transported within the
arterial wall by a vasocrine signaling mechanism?. In
pathological conditions, as in obesity and diabetes,
there is deterioration of the adipocyte buffer, which
determines lower free fatty acids uptake by the adipo-
cyte and higher cardiolipotoxicity. In addition, inflam-
matory transcriptors are activated at the level of the
adipocyte, such as the nuclear factor kappa beta,
which induces the formation of inflammatory mediators
such as the tumor necrosis factor alpha, interleukin
1 and 6, visfatine and C-reactive protein®.

Pericardial fat thickness can be measured with bi-di-
mensional transthoracic echocardiography, and it is
identified as the space between the external wall of the
myocardium and the visceral layer of the pericardium®.
It is a non-invasive, reliable and easily reproducible
study and is a direct measurement of the heart’s vis-
ceral fat with little intra- and inter-observer variability”.
The purpose of this study was to compare the epicar-
dial fat thickness in patients with ST segment elevation
acute myocardial infarction (STEAMI) between diabetic
and non-diabetic subjects, as well as to find out if there
is a relationship between epicardial fat thickness and
the Thrombolysis in Myocardial Infarction (TIMI) score
in these patients.

Material and methods

We conducted a comparative cross-sectional study
in patients admitted to the high specialty medical unit
hospital UMAE EH No. 1 Ledn Bajio with a diagnosis
of STEAMI, of either gender, older than 18 years and
younger than 75. In all cases the acute myocardial
infarction (AMI) was corroborated by 12-lead electro-
cardiogram and all patients signed the consent form
to participate in the study after having understood the
purpose and type of the study they were to undergo.
In the group of diabetic patients, only those with an
established diagnosis of type 2 DM with any time of

Table 1. Clinical and biochemical characteristics of diabetic
and non-diabetic patients with ST segment elevation acute
myocardial infarction

Variable No DM DM p
(n = 30) (n =30)

Gender M/F 23/7 24/6 0.82
Age (years) 64.6 £ 11.4 59.7 + 8.6 0.06
SAH n (%) 13 (43.3) 22 (73.3) 0.04
Dyslipidemian (%) 14 (46.6) 17 (56.6) 0.51
Smoking n (%) 20 (66.6) 17 (56.6) 0.51
Obesity n (%) 10 (33.3) 17 (56.6) 0.07
BMI (kg/m?) 27.6 = 4.1 292+39 013
Glucose (mg/dl) 100.0 1735 0.0005

(100.2 + 121.1) (152.2 = 224.7)

TIMI 39+23 36+13 0.64

LVEF (%) 490+ 110 468+ 104 043

Values shown as the mean + SD or median (95% Cl) for variables with normal
and skewed distribution, respectively.

evolution were included. In the group of non-diabetic
patients, only those who, in addition to not knowing if
they had this condition, showed fasting or any period
glucose levels outside the ADA ranges® at discharge.
Patients were not included in case of having a history
of pericardial surgery, a diagnosis of end-stage renal
failure or of any type of cancer except for localized
basal cell or squamous cell malignancies. Subjects
with an echocardiographic window not suitable for epi-
cardial fat measurement or patients with pericardial
effusion were excluded. Fasting blood glucose levels
were determined and the TIMI risk was calculated in
all patients.

Epicardial fat measurement was carried out by Dr.
Miguel Angel Carillo Torres, a cardiologist specialized
in echocardiography, member of the National Society
of Echocardiography. A General Electric Vivid S6
equipment was used. The measurement was performed
in the left lateral decubitus position, with the parasternal
long axis projection, in the space comprised between
the myocardial outer wall and the pericardial visceral
layer, with measurements made at end of systole on
three cardiac cycles, at the free wall, apex and right
ventricular outflow tract and interventricular septum,
according to the methodology previously described by
lacobellis®. The left ventricular ejection fraction was
also measured using Simpson’s method.
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The treatment established for ischemic heart disease
was left at the discretion of the treating physician and
there was no intervention of the research group.

Sample size

To detect an epicardial mass thickness difference of
2 mm between diabetic and non-diabetic subjects, with
a SD of 3 mm for diabetics and 2 mm fot non-diabetic
subjects, with 80% power and 95% one-tailed signifi-
cance, a total of 27 patients per group was determined
in the Medcalc statistical program, version 14.0, with
inclusion of 30 patients per group being decided.

Statistical analysis

Descriptive statistics was used to identify the data
distribution. Continuous variables between the groups
of patients with and without DM were compared with
Student’s t-test or Mann-Whitney U-test according to
normal or skewed data distribution, respectively. The
chi-square test was used for the comparison of propor-
tions. The association between epicardial fat measure-
ment and left ventricular ejection fraction, glucose levels
and TIMI risk was assessed using Pearson’s or Spear-
man’s correlation tests according to the distribution of
variables. A p-value < 0.05 was considered to be sig-
nificant. The analysis was made using the Statistica
software, version 6.0.

Results

Diabetic patients showed a tendency to be younger,
but to have higher levels of glucose and a higher pro-
portion of hypertension as a comorbodity. However, no
difference was observed in left ventricular ejection
fraction and the TIMI score (Table 1).

Epicardial fat thickness was higher in the apex and
interventricular septum regions in patients with DM in
comparison with non-diabetic subjects, with a maximum
epicardial fat thickness of 7 mm at the interventricular
septum in diabetic patients. A trend for total, right
ventricular free wall and right ventricular outflow tract
epicardial fat thickness to be higher was observed in
this same group (Table 2).

No correlation of clinical or biochemical variables
with epicardial fat was observed in non-diabetic patients.
In contrast, in diabetics, glucose had a positive correla-
tion with infarction seriousness according to the TIMI
score (R = 0.49; p = 0.005) and an inverse correlation
with the body mass index (BMI) (R = -0.50; p = 0.004).

Table 2. Epicardial fat comparison in different regions in
diabetic and non-diabetic patients with ST-segment eleva-
tion acute myocardial infarction

Variable No DM DM p
(n = 30) (n =30)

Right ventricular 58 578 + 1.4 0.29

free wall (mm) (5.15-6.61)

Apex (mm) 58 6.16 + 1.3 0.038
(5.03-6.57)

Interventricular 5.7 70+12 0.033

septum (mm) (4.99-6.46)

Right ventricular 59 6.12+ 1.3 0.058

outflow tract (5.17-6.62)

(mm)

Total fat (mm) 23.4 24 0.055

(20.65-25.24)  (24.31-28.15)

Values shown as the mean + SD or median (95% Cl) for variables with normal
and skewed distribution, respectively.

When the patients were pooled according to those with
apex epicardial fat above or below the mean (6 mm),
higher scores were found in the TIMI scale (4.5 vs. 3.4;
p = 0.04), higher BMI (29.3 vs. 26.4: p = 0.008), and
more fat at the intraventricular septum (6.8 vs. 4.7;
p = 0.000004) and left ventricular outflow tract (6.8 vs.
5.0; p = 0.000042) in those patients with apex fat > 6 mm
than in those with < 6 mm.

Among all patients, only 1 death was reported in the
group of diabetic patients, a 41-year old man with a
previous extensive infarction and TIMI 5; the record of
his epicardial fat was higher at the apex and interven-
tricular septum, with 6-mm thickness and left ventricular
ejection fraction (LVEF) of 39%.

Discussion

In our study group, the male gender around the 6"
decade of life was predominant, which is consistent
with widely reported data; for example, in the RENA-
SCA study conducted in Mexico in 2010, which includ-
ed 2,389 patients with ischemic heart disease admitted
to tertiary care hospitals of the National Institute of
Social Security (IMSS - Instituto Nacional del Seguro
Social), 71% of registered patients were males'®.

In both groups, smoking and dyslipidemia were ob-
served in more than half the population, and diabetic
subjects showed systemic arterial hypertension more
frequently, as well as a trend to be more obese. This
is in line with previous reports of multicenter studies,
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where up to 41% of diabetic patients have combined
hypercholesterolemia and hypertension, exponentially
increasing cardiovascular risk".

Patients with DM and STEAMI showed higher epicar-
dial fat thickness in comparison with non-diabetic sub-
jects in some specific sites and there was a trend to-
wards higher total epicardial fat. According to a recent
study, which included 50 diabetic patients, epicardial
fat was established to be an independent measure of
hospital-acquired cardiac complications and showed
direct association with the SYNTAX score'?. Epicardial
fat in the Mexican diabetic population that attended our
hospital showed a mean of 6.6 + 1.3, similar to figures
published in other countries, where epicardial thickness
of 7 mm is reported in males and 6.5 mm in females'3.
Insulin resistance and hyperinsulinemia, frequently ob-
served in these patients, exert multiple potentially del-
eterious effects, such as sodium retention, free calcium
intra-cytoplasmic accumulation, increased sympathetic
activity and proto-oncogene expression, effects that
participate in the pathophysiology of arterial hyperten-
sion, cardiac hypertrophy and atherosclerosis'™. How-
ever, whether they have any participation in epicardial
fat accumulation and its consequences is not known;
in addition, epicardial fat measurement is not yet rec-
ommended for general population screening.

In previous studies'®8, elevated plasma glucose has
been shown to entail a somber prognosis with regard
to normoglycemia in AMI. In our study, we were able to
confirm that plasma glucose is correlated with the TIMI
score in the diabetic population.

The sites where the highest measurements of epicar-
dial fat were found were the apex and interventricular
septum. Apex-located epicardial fat in our population
was generally correlated with age, with the TIMI score
and with epicardial fat thickness in other locations;
therefore, measurement at this site could be routinely
used for diabetic patients with acute coronary ischemic
syndrome (ACIS).

In recent literature, cardiac fat was post-mortem an-
alyzed in diabetic patients, and epicardial fat was
shown to be found in both ventricles, in the atrioven-
tricular and interventricular grooves until the apex and
along the coronary arteries. In addition, epicardial fat
covering the right ventricle was found to likely be up
to 3-fold higher than the fat covering the left ventricle,
and could be measured in new locations such as the
right ventricle right lateral and posterior walls, with ei-
ther being associated with higher cardiovascular risk'’.

Although some studies have demonstrated a rela-
tionship between alterations in adipokine secretion

from epicardial fat in diabetic patients and ventricular
dysfunction®, in our study, the presence of higher lev-
els of epicardial fat was not related to the percentage
of LVEF or the TIMI score. Adipose tissue of patients
with obesity, type 2 DM and cardiovascular disease is
characterized by alterations in the secretion of adpokines,
which suggests a continuous state of low-grade inflam-
mation. The most important adipokines include the fat-
ty acid-binding protein 4, which has been shown to
suppress the contractile function in vitro in rat-isolated
cardiomyocytes and, in addition, it produces alter-
ations in the shortening of the sarcomere, the cytosolic
calcium and the SERCA receptors in myocytes, with all
this contributing to the appearance of cardio-suppres-
sant effects and negative inotropic effect’.

In a recent study, an association was found between
epicardial fat thickness and subclinical markers of ath-
erosclerosis. Patients with thickness larger than 7 mm
had greater carotid intima-media thickness and carot-
id artery sclerosis?°. Additionally, in a study conducted
in women, a relationship was found between epicardial
fat and low coronary reserve. This suggests that epi-
cardial fat thickness might be a predictor of coronary
reserve in women with normal epicardial arteries by
catheterization?'. In contrast, in other study, no correlation
was found between epicardial fat and the presence of
severity in coronary lesions®.

One limitation of our study is the sample size, which
precludes the formation of risk or disease severity
strata, as well as comparisons by gender. Moreover,
a normal value for epicardial fat thickness has so far
not yet been established, and further studies are re-
quired to consider pericardial fat as a cardiovascular
risk indicator.

Conclusion

In diabetic patients with STEAMI, epicardial fat was
higher with regard to non-diabetic patients at the in-
terventricular septum and the apex. There was no
correlation between epicardial fat and LVEF or the
TIMI score.

References

1. Silink M, Han Cho N, Whiting D, et al. The diabetes atlas, sixth edition.
International Diabetes Federation; 2013. p. 19-37.

2. Chévez-Dominguez R, Ramirez-Hernandez JA, Casanova-Garcés JM.
La cardiopatia coronaria en México y su importancia clinica, epidemi-
olégica y preventiva. Arch Cardiol Mex. 2003;73:105-14.

3. Marchington JM, Pond CM. Site-specific properties of pericardial and
epicardial adipose tissue: the effects of insulin and high-fat feeding on
lipogenesis and the incorporation of fatty acids in vitro. Int J Obes.
1990;14:1013-22.



A. del Carmen Ojeda-Pena, et al.: Epicardial fat thickness and myocardial infarction

. Rajsheker S, Manka D, Blomkalns AL, Chatterjee TK, Stoll LL, Weintraub

NL. Crosstalk between perivascular adipose tissue and blood vessels.
Curr Opin Pharmacol. 2010;10:191-6.

. Mazurek T, Zhang L, Zalewski A, et al. Human epicardial adipose tissue

is a source of inflammatory mediators. Circulation. 2003;108:2460-6.

. Fox CS, Gona P, Hoffman U, et al. Pericardial fat, intrathoracic fat, and

measures of left ventricular structure and function: the Framingham
Heart Study. Circulation. 2009;119:1586-91.

. lacobellis G, Willens HJ. Echocardiographic epicardial fat: a review of re-

search and clinical applications. J Am Soc Echocardiogr. 2009;22:1311-9.

. American Diabetes Association. Diagnosis and classification of diabetes

mellitus. Diabetes Care. 2013;36(Suppl. 1):S67-74.

. lacobellis G, Assael F, Ribaudo MC, et al. Epicardial fat from echocar-

diography: a new method for visceral adipose tissue prediction. Obes
Res. 2003;11:304-10.

. Borrayo S, Madrid M, Arriaga N, Ramos C, Garcia A, Aimeida G. Riesgo

estratificado de los sindromes coronarios agudos. Resultados del prim-
er RENASCA-IMSS. Rev Med Inst Mex Seguro Soc. 2010;48:259-64.

. Levy BI, Schiffrin EL, Mourad JJ, et al. Impaired tissue perfusion: a

pathology common to hypertension, obesity, and diabetes mellitus. Cir-
culation. 2008;118:968-76.

. Ouwens M, Sell H, Greulich S, Eckel J. The role of epicardial and peri-

vascular adipose tissue in the pathophysiology of cardiovascular dis-
ease. J Cell Mol Med. 2014;4:2223-4.

. Sironi AM, Petz R, De Marchi D, et al. Impact of increased visceral and

cardiac fat on cardiometabolic risk and disease. Diabet Med. 2012;29:
622-7.

14,

15.

16.

17.

18.

19.

20.

21.

22.

Khan C. The insulin receptor, and the mechanisms of insulin resistance
in diabetes and aterosclerosis. New horizons in diabetes and cardiovas-
cular disease. Current Science. 2000;40:109-18.

Cherneva ZV, Denchev SV, Gospodinova MV, Milcheva NP, Petrova MG,
Cherneva RV. Clinical significance of hyperglycaemia in acute coronary
syndrome patients. Acute Card Care. 2011;13:211-8.

Prakash D, Cair F, Mikhail K, et al. Hyperglycemia and Acute Coronary
Syndrome. Circulation. 2008;117:1610-9.

Wang T, Quiang L, Cuixia L, et al. Correlation of echocardiographic epi-
cardial fat thickness with severity of coronary artery disease in patients
with acute myocardial infarction. Echocardiography. 2014;31:1177-81.
Graner M, Pentikainen M, Nyman K, et al. Cardiac steatosis in patients
with dilated cardiomyopathy. Heart. 2014;100:1007-12.

Greulich S, Herzfeld de Wiza D, Preilowski S, et al. Secretory products
of guinea pig epicardial fat induce insulin resistance and impair primary
adult rat cardiomyocyte function. J Cell Mol Med. 2011;15(11):2399-410.
Natale F, Tedesco MA, Mocerino R, et al. Visceral adiposity and arterial
stiffness: echocardiographic epicardial fat thickness reflects, better than
waist circumference, carotid arterial stiffness in a large population of
hypertensives. Eur J Echocardiogr. 2009;10:549-55.

Rosito GA, Massaro JM, Hoffmann U. Pericardial fat, visceral abdominal
fat, cardiovascular disease risk factors, and vascular calcification in a
community based sample: The Framingham Heart Study. Circulation.
2008;117:605-13.

lacobellis G, Leonetti F, Singh N. Relationship of epicardial adipose
tissue with atrial dimensions and diastolic function in morbidly obese
subjects. Int J Cardiol. 2007;115:272-3.

313


http://www.ncbi.nlm.nih.gov/pubmed/?term=Cherneva%20ZV%5BAuthor%5D&cauthor=true&cauthor_uid=22060562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Denchev%20SV%5BAuthor%5D&cauthor=true&cauthor_uid=22060562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gospodinova%20MV%5BAuthor%5D&cauthor=true&cauthor_uid=22060562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Milcheva%20NP%5BAuthor%5D&cauthor=true&cauthor_uid=22060562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Petrova%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=22060562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cherneva%20RV%5BAuthor%5D&cauthor=true&cauthor_uid=22060562

