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Abstract
Cardiovascular diseases are related to higher epicardial fat thickness (EFT), which has been associated with metabolic dis-
eases. However, the evidence on its relationship with dietary intake is limited. Thus, we aimed to analyze the relationship 
between nutritional and cardiometabolic factors and EFT in patients in preoperative cardiac surgery. A cross-sectional de-
scriptive study included adult patients (with heart bypass surgery, n=24, and without bypass surgery, n=11). EFT was meas-
ured by a transthoracic echocardiogram. Waist circumference (WC), weight, height and body mass index (BMI) were taken. 
Fat and dietary fiber intake were measured using the Block Screening Questionnaire. The daily free-sugar intake in infusions 
was quantified. Biochemical data, medications, and blood pressure measurements were collected from the medical history. 
EFT was higher in patients with heart bypass surgery (p=0.028). A direct relationship was found between EFT and glycemia 
(p=0.006), triglycerides (p=0.013) and WC (p=0.033). Patients with higher EFT had a higher BMI than those with normal 
EFT (p=0.001). Participants with diabetes mellitus (p=0.026) or metabolic syndrome (p=0.005) had higher EFT. No associa-
tion was found between dietary intake and EFT. In conclusion, a higher WC, BMI, glycemia, plasma triglyceride level, and the 
presence of metabolic syndrome and diabetes mellitus are associated with higher EFT.
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Introduction

Circulatory system diseases are the leading cause 
of death in Uruguay. In the first half of 2021, they ac-
counted for 4429 deaths [1]. In 2020, 148 heart bypass 
and non-bypass coronary surgeries were performed at 
Instituto de Cardiología Integral (ICI) [2]. 

Heart surgery comprises a series of procedures per-
formed to repair heart or thoracic aorta injuries [3]. 
One type of procedure, heart bypass surgery, is used to 
treat issues caused by coronary artery blockage [3, 4]. 
Patients who do not need bypass surgery (non-bypass 
surgery) are treated using other types of surgery, such 
as heart valve surgery or thoracic aorta surgery [3]. 

Epicardial fat (EF), or epicardial adipose tissue, is 
defined as a visceral fat deposit located between the 
heart and the pericardium, which shares many of the 
physio-pathological properties of other visceral fat 
deposits and has direct effects on coronary atheroscle-
rosis [5]. This fat is associated with diabetes mellitus, 
impaired fasting glycemia, oxidized cholesterol, high 
blood pressure, and coronary diseases [6–10]. It is also 
associated with increased body mass index (BMI) [11] 
and high waist circumference [12]. 

Few studies have been conducted associating EF 
with diet and referring to humans and pigs [13–15]. A 
study where adult patients were given eicosapentae-
noic acid (EPA) orally for 6 months showed a reduced 
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epicardial adipose tissue and visceral adipose tissue 
volume [14]. Moreover, there is evidence associating 
fat intake with the cardiometabolic profile [16, 17]. Ev-
idence shows high fat intake is associated with higher 
mortality, particularly saturated and trans-fat intake 
[18, 19]. Replacing saturated fat with omega-3 fatty ac-
ids has been found to effectively reduce coronary heart 
disease events [20, 21].

Studies suggest that a reduction of total cholesterol 
and low-density lipoprotein (LDL-c) and the lowering 
of diastolic blood pressure are associated with higher 
fruit and vegetable fiber intake [22]. Furthermore, a 
study conducted with adolescents found higher epi-
cardial fat thickness (EFT) values in patients with re-
duced fruit and vegetable intake [15]. Recent scientific 
evidence suggests that a lower sugar intake positively 
affects body weight and, therefore, decreases cardio-
vascular risk [23–25]. 

In light of evidence supporting the association be-
tween dietary aspects and heart disease [19], studying 
the relationship between nutritional factors and EFT 
is considered crucial. Accordingly, the purpose of this 
research was to study the relationship between nutri-
tional and cardiometabolic factors and epicardial fat 
thickness in patients in preoperative heart surgery, 
with heart bypass surgery and without bypass surgery. 

Material and methods 

Study design and participants 

This study was conducted using a cross-sectional de-
scriptive design. Participants were preoperative cardiac 
surgery patients, adults, from the ICI of Montevideo, 
Uruguay, in the years 2021–2022. Data and measure-
ments were taken during the COVID-19 pandemic, in-
cluding when the country was under the highest virus 
incidence. Non-probabilistic sampling was used, with 
two groups of subjects (with heart bypass surgery, n=24, 
and without heart bypass surgery, n=11). Patients with 
repeated cardiac surgery and transplants, serious diag-
nosis, late-stage cancer and urgent surgeries coordinat-
ed 24 hours before the intervention were excluded. 

Anthropometric measurements

The anthropometric measurements obtained were 
weight (kg), height (cm), and waist circumference 
(WC, cm) [26]. BMI was calculated based on weight 
and height [BMI=weight/height2 (Kg/m2)] and classi-

fied as low weight <18.5 kg/m2; normal weight 18.5 to 
24.9 kg/m2; overweight 25 to 29.9 kg/m2; type I obesity 
30 to 34.9 kg/m2; type II obesity 35 to 39.9 kg/m2; and 
type III obesity ≥40 kg/m2 [27]. 

Measurements were obtained by using: a) Seca 
813 high-capacity and stability digital floor scale with 
a low platform and LCD accommodating up to 200 kg; 
b) flexible, non-stretchable metric tape, with a max-
imum length of 2 m and 1 mm precision; c) Seca 213 
portable stadiometer for adults, measurement range of 
20–205 cm and 1 mm precision. 

The technique used for measuring weight was ap-
plied with the patient wearing the minimum possible 
clothes. The patient was positioned standing still at the 
center of the scale, feet slightly apart, arms stretched 
alongside the body, ensuring no part of the body was 
out of the scale and that the patient was not leaning 
against a wall or another person. The final weight was 
recorded as the reading appearing on the display for 
several seconds without blinking. It was recorded in 
kg and grams [28]. 

For measuring height, the patient had to be stand-
ing, with the chin slightly raised (Frankfort plane), 
arms hanging on the side, palms facing in, knees to-
gether with feet slightly apart, and heels touching the 
back of the stadiometer. The back of the skull, shoulder 
blades, buttocks and heels had to touch the back of the 
stadiometer. After verifying the correct posture, pa-
tients were asked to take a deep breath and relax their 
shoulders, trying to reach their maximum possible 
height. The stadiometer reading was recorded in cm 
and mm [28]. 

Waist circumference was measured with the pa-
tient standing up, with no clothes, and relaxed. The 
costal margin and the iliac crest upper border were lo-
cated, and at the middle point, the measuring tape was 
extended around the waist, parallel to the floor. The 
tape was snug and did not compress the skin, and the 
measurement was taken at the end of a normal expira-
tion. Measurements were recorded in cm and mm [28].

Three readings were collected for each measure, 
and an average of the anthropometric results was ob-
tained. The BMI was calculated using the average weight 
and height measurements.

Cardiometabolic factors

Data on cardiometabolic factors were collected 
from each patient’s digital medical history through 
the application of Instituto de Cardiología Integral (ICI 
data) and from the nurse’s shift report worksheets. 
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The following data were collected: diabetes mellitus di-
agnosis (presence/absence of diabetes mellitus, 2 fast-
ing glycemia values were considered >126 mg/dl) [29], 
fasting glycemia (mg/dl), high blood pressure diagno-
sis (presence/absence of high blood pressure, HBP), 
blood pressure readings (mmHg, high systolic blood 
pressure ≥140 mmHg or high diastolic blood pressure 
≥90 mmHg) [30], dyslipidemia diagnosis (presence/
absence of dyslipidemia), and lipid profile: total cho-
lesterol (mg/dl, high ≥240 mg/dl), HDL-c (mg/dl, low 
<40 mg/dl), LDL-c (mg/dl, high ≥160 mg/dl), triglycer-
ides (mg/dl, high >150 mg/dl), atherogenic index (total 
cholesterol/HDL-c, considered of risk >4.5) [31, 32].

Patients were further classified by presence/ab-
sence of metabolic syndrome (MS), taking into account 
as “presence” at least three of the following compo-
nents: increased WC (in women ≥88 cm, and in men 
≥102 cm) [33]; triglycerides ≥150 mg/dl; HDL-c <40 mg/dl 
in men, and in women <50 mg/dl; under hypertension 
treatment; diabetes mellitus diagnosis [31]. The type of 
medication and the number of drugs taken by partic-
ipants were also considered to characterize the study 
population. An observation grid was used to record the 
patient’s medical history data. 

Epicardial fat thickness

EFT was measured as the echo-free space above the 
free wall of the right ventricle to the frontal pericardi-
um at end-diastole from the parasternal long-axis view 
perpendicular to the aortic arch [34]. Cutoff points 
for assessment were determined based on the data ob-
tained, using 3-6 mm as a reference, according to the 
bibliography consulted [35, 36]. Image acquisitions 
were performed prior to open heart surgery, at the op-
erating theatre, and, in exceptional cases, in the inpa-
tient rooms with subjects in the left lateral decubitus 
position. All patients were performed with a General 
Electric Vivid E9 – 5 MHz instrument. Standard imag-
es were recorded and stored by 2 appropriately trained 
cardiology surgeons. The measurement of echocardi-
ographic parameters was performed by a doctor with 
experience in echocardiography, who was unaware of 
the clinical data and characteristics of the patients. 

Dietary factors

For the evaluation of dietary factors, we used the 
“Block Fat, Fruit/Vegetable and Fiber intake Screener” 
[37], which was adapted (language and habitual con-
sumption food items) to the population of Uruguay. 

This tool uses the following intervals and categories for 
fat intake: a value ≤17 points indicate “appropriate fat 
intake”; 18–21 points “must make better choices in fat 
intake”; 22–24 points “generally high fat intake”; 25–27 
points “high-fat diet”; >27 points “very high-fat diet”. 
For fiber intake, it accounts for≥30 points “expected 
fiber intake value”; 20–29 points “must include more 
vegetables and whole grains”; <20 points “low-fiber 
intake”. The intervals were calculated by adding the 
6 scores allocated to the frequency of consumption 
used in the questionnaire: 0 points for “less than once a 
month”, 1 point for “2 to 3 times a month”, 2 points for 
“1 or 2 times a week”, 3 points to “3 to 4 times a week” 
and 4 points to “5 or more times a week”. 

Sugar consumption was assessed using brief qual-
itative and quantitative questions taken from the re-
viewed literature, and the sugar added to infusions 
was measured [38, 39]. We used the cutoff point for the 
healthy adult population established by WHO (<25 g/day 
recommended intake) to classify sugar intake into “rec-
ommended” or “not recommended” [40].

Statistical analysis

Absolute frequency was used to present qualitative 
variables and mean±standard deviation for quantita-
tive parameters. A Shapiro-Wilk normality test was 
applied to all quantitative variables. A Student’s t-test 
was conducted to compare anthropometric and car-
diometabolic parameters of the heart bypass surgery 
and without bypass surgery groups. For glycemia and 
triglycerides, the nonparametric Mann-Whitney test 
was applied. The Student’s t-test was used to compare 
mean BMI and WC according to the EFT classification 
and to compare EFT according to the presence/absence 
of diabetes mellitus, high blood pressure, dyslipidemia 
and metabolic syndrome.

We applied Fisher’s exact test to associate dietary 
factors with the types of heart surgeries (bypass sur-
gery and without bypass surgery) and the EFT classi-
fication. Pearson correlation coefficient was used to 
associate anthropometric and cardiometabolic param-
eters with EFT. For variables with non-normal distri-
bution, the Spearman correlation was used. The SPSS 
version 27.0 software was used, considering a statisti-
cally significant difference with p<0.05.

Ethical considerations

The study was conducted in accordance with the 
ethical guidelines of the Declaration of Helsinki [41], 
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and approved by the Research Ethics Committee of the 
School of the Nutrition, of the University of the Repub-
lic (reference number: INV.EST.8/2021). Participants 
were informed about the characteristics of the study, 
and signed an informed consent.

Results 

Participant features

Table 1 includes a description of study participant 
characteristics by type of surgery. Average age was 
69.06±9.08 years; for BMI and WC, 29.82±5.79 kg/m2 

and 97.00±12.91 cm, respectively. The mean EFT was 
7.44±3.54 mm. Sixty-three percent of the study popula-
tion were male, 37% were women, and 80% were over-
weight or obese (results not shown).

Results have shown a statistically significant dif-
ference between the groups in the mean EFT assessed 
by transthoracic echocardiography, which is higher in 
patients with bypass surgery than those without by-
pass surgery (p=0.028). Additionally, these groups also 
showed statistically significant differences in relation 
to age, where the patients without bypass surgery were 
older (p=0.004). As for biochemical parameters, a low-
er HDL-c concentration was observed in patients with 
heart bypass surgery (p=0.015), while the atherogenic 

Parameters
Total

Type of surgery

pRevascularized  
(n=24)

Not revascularized  
(n=11)

n Mean SD Mean SD Mean SD

Age (years) 35 69.06 9.08 66.58 9.45 74.45 5.33 0.004

BMI (kg/m2) 35 29.82 5.79 30.57 5.98 28.21 5.26 0.270

Waist circumference (cm) 31 97.00 12.91 100.24 12.91 91.12 11.13 0.058

Epicardial fat thickness (mm) 25 7.44 3.54 8.39 3.45 5.00 2.58 0.028

Glycemia (mg/dl) 30 120.93 36.04 126.05 33.65 109.00 40.59 0.060*

Diastolic blood pressure (mmHg) 30 72.00 12.13 74.43 12.86 66.56 7.60 0.065

Systolic blood pressure (mmHg) 30 126.00 27.24 126.81 20.15 123.56 7.33 0.644

HDL-cholesterol (mg/dl) 29 42.38 12.31 38.47 9.82 49.80 13.58 0.015

Triglycerides (mg/dl) 29 181.24 130.98 210.58 149.70 125.50 57.29 0.077*

LDL-cholesterol (mg/dl) 29 102.10 32.76 102.58 31.53 101.10 36.72 0.910

Atherogenic index 29 4.29 1.14 4.65 1.17 3.61 0.73 0.016

Total cholesterol (mg/dl) 29 172.55 39.25 170.89 36.13 175.70 46.54 0.760

Number of drugs consumed 35 4.46 2.08 5.29 1.65 2.64 1.74 <0.001

Table 1: Comparison of anthropometric and cardiometabolic parameters according to type of surgery.

Note: Statistically significant differences: p<0.05 (Independent samples t-test and *Mann-Whitney U test). 
SD – standard deviation; BMI – body mass index; HDL – high-density lipoprotein; LDL – low-density lipoprotein.

Variables
Type of surgery

p

Classification of 
epicardial fat thickness

p
Revascularized 

(n=24)
Not revascularized 

(n=11)
Increased 

(n=16)
Adequate 

(n=9)

Fat intake

Adequate 5 4
0.416

3 4
0.205

Elevated 19 7 13 5

Table 2: Relationship between dietary factors, type of surgery and classification of epicardial fat thickness.
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index was higher (p=0.016). No statistically significant 
differences were observed in the other study variables. 

A statistically significant difference was observed 
between the groups in relation to the consumption of 
medication, with patients with heart bypass surgery 
having a higher consumption (p<0.001). The drugs 
most used by the total study population were classified 
into antidiabetic drugs (17%), anti-hypertensive drugs 
(77%), hematologic drugs (63%) and beta-blockers (69%) 
(results not shown).

Dietary factors

Table 2 shows the association of dietary factors 
with the type of surgery and the EFT classification. The 
data revealed that the type of surgery (bypass surgery 
and without bypass surgery) did not show an associa-
tion with fat, dietary fiber, and sugar intake.

As for the EFT classification (increased and ade-
quate), no association was found between fat, dietary 
fiber, and sugar intake. 

Anthropometric parameters and 
cardiometabolic factors

Figure 1 (A–I) depicts the association of glycemia, li-
pid profile, blood pressure and waist circumference with 
epicardial fat thickness. A relationship was found be-
tween EFT and glycemia (p=0.006, r=0.563), triglycerides 
(p=0.013, r=0.543) and WC (p=0.033, r=0.466), showing 
that an increase of these parameters is associated with a 
higher EFT (Figure 1 A, E, I, respectively). However, no 
association was found in the other study parameters.

Figure 2 shows the comparison of BMI and WC by 
the EFT classification. Patients with higher EF thick-

ness have a greater mean BMI than those with adequate 
thickness (p=0.001) (Figure 2 A). On the other hand, WC 
did not show a statistically significant difference be-
tween the EFT groups (p=0.101) (Figure 2 B).

Cardiometabolic factors

As shown in Figure 3 (A–D), comparing mean EFT 
between patients with or without diabetes mellitus 
(presence or absence) resulted in a statistically signif-
icant difference (p=0.026, mean EFT in the absence of 
diabetes mellitus=6.07 mm, mean EFT in the presence 
of diabetes mellitus=9.18 mm) (Figure 3 A).

Component D of Figure 3 shows the mean EFT 
between patients with or without MS (presence or ab-
sence). EFT is higher with the presence of MS (p=0.001, 
mean EFT with the absence of MS=4.00 mm, mean EFT 
with the presence of MS=8.65 mm).

Discussion 

This research was based on the study of nutritional 
and cardiometabolic factors with epicardial fat thick-
ness in patients waiting for heart bypass surgery and 
without heart bypass surgery.

One important finding was that EFT differed be-
tween the study groups and was higher in patients 
with heart bypass surgery than those without bypass 
surgery. This is consistent with the data obtained in 
other studies, where EFT has been associated with 
atherosclerotic diseases, in particular coronary ar-
tery blockage, evidencing the important role of EFT 
in the pathogenic mechanisms of the disease [42]. In 
our study, the mean EFT was 7.44 mm, a measurement 

Note: Results are expressed as absolute frequency. Statistically significant differences: p<0.05 (Fisher’s exact test).

Variables
Type of surgery

p

Classification of 
epicardial fat thickness

p
Revascularized 

(n=24)
Not revascularized 

(n=11)
Increased 

(n=16)
Adequate 

(n=9)

Dietary fiber intake 

Low fiber 19 8
0.685

12 8
0.621

You should consume more 5 3 4 1

Sugar intake

Adequate 4 2
1.000

3 2
1.000

Elevated 20 9 13 7

Table 2: Continued.
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Figure 2: Comparison of body mass index (A) and waist circumference (B) according to epicardial fat thickness 
classification. Results are expressed as mean±SD. Statistically significant differences: p<0.05 (independent sam-
ples t-test). Body mass index, n=25; waist circumference, n=21.

Figure 3: Epicardial fat thickness is determined by the presence or absence of diabetes (A), arterial hyperten-
sion (B), dyslipidemia (C), and metabolic syndrome (D). Results are expressed as mean±SD. Statistically significant 
differences: p<0.05 (independent samples t-test). Diabetes, arterial hypertension, dyslipidemia, n=25; metabolic 
syndrome, n=20.

A

C D

B

B

A
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consistent with the data obtained in previous studies 
[12, 35, 36]. The absence of fascia separating the EF and 
the myocardium and the fact that the two tissues share 
microcirculation may explain the link between epicar-
dial adipose tissue and atherosclerotic risk factors [43].

Concerning biochemical parameters, our findings 
are consistent with the literature reviewed [9]. The 
patients with coronary artery disease who underwent 
heart bypass surgery had higher atherogenic index val-
ues than patients without heart bypass surgery [32]. It 
is well-known that coronary atherosclerosis is associ-
ated with impaired lipid levels and is one of the leading 
causes of coronary occlusion [9]. EFT showed a direct 
relation to glycemia, a result consistent with that ob-
served. Higher levels of glycemia are associated with 
insulin resistance, which has been studied for its link 
to visceral fat and, subsequently, with EF [9, 44].

No differences were found between the study groups 
in the systolic and diastolic blood pressure; however, ev-
idence shows a direct relationship of high systolic blood 
pressure values and EF [45]. This discrepancy may be 
due to the diet habitually prescribed for hypertension, 
and the use of blood pressure-regulating drugs [30].

As for anthropometric parameters, our results are 
also consistent with those reported in other studies, 
showing a direct association between BMI, WC and EFT 
[46, 47]. Abdominal visceral fat is measured through 
WC, which is closely associated with epicardial fat; 
therefore, its volume may indicate the volume of vis-
ceral fat [48]. BMI may be defined as an increase in body 
weight resulting from excess accumulation of adipose 
tissue, with the possibility of generating accumulation 
of this tissue in ectopic deposits, such as the heart [49]. 

Dietary intake did not show any differences be-
tween the two groups. Additionally, EFT was not asso-
ciated with fat, diet fiber and sugar intake levels, even 
though literature shows an association between diet 
and EFT [15, 21]. This could be due to the fact that most 
patients have an inadequate diet, with high fat and 
sugar intake and low intake of dietary fiber, which im-
pedes the comparison between the groups (with heart 
bypass surgery and without heart bypass surgery).

Although food intake frequency questionnaires are 
commonly used to study the relationship between diet 
and disease, they are not considered the most appropri-
ate methods to study the real intake of subjects [38]. We 
consider that the questionnaire used to collect informa-
tion on food intake has some limitations, such as differ-
ences arising in the application by different interview-
ers, which may condition the accuracy of measurement. 
Another limitation is that the frequency questionnaire 

is based on long-term recall; additionally, the declared 
intake may be conditioned by the current diet of the 
patient, which is adapted to the base pathologies, which 
may pose a challenge to the accuracy of the responses [39].

Epicardial fat thickness was higher in patients with 
MS, which includes at least three of the following var-
iables: increased WC, high blood pressure, impaired 
fasting glycemia, low HDL-c concentrations and high 
triglycerides concentrations [31]. The combination of 
an increase in visceral fat and at least two clinical MS 
parameters is associated with higher epicardial fat 
thickness [9]. To the best of our knowledge, there is no 
evidence that contradicts this association.

This study has provided knowledge on EFT and its 
relationship to dietary, anthropometric, and cardio-
metabolic factors, identifying those that could predis-
pose to an increase in epicardial adipose tissue in the 
adult population. However, further research is needed, 
using a larger sample size, to further study the associa-
tion between dietary intake and EF and their interac-
tion with cardiovascular disease since we were not able 
to find an association between them.

Conclusion

Epicardial fat thickness was higher in patients with 
heart bypass surgery than in patients without bypass 
surgery, and the atherogenic index was also higher in 
this group, while high-density lipoprotein cholesterol 
concentration was lower. On the other hand, patients 
with higher body mass index, higher waist circum-
ference, glycemia and plasma triglycerides, as well as 
those with diabetes mellitus and metabolic syndrome, 
showed a higher epicardial fat thickness. As for dietary 
factors, no relationship was found between the type of 
surgery and the epicardial fat thickness.

Acknowledgments

We thank the participants, the healthcare team of 
Instituto de Cardiología Integral (ICI), Aníbal Manfredi 
for measuring the patients’ epicardial fat, and Ivanna 
Duro and José Luis Surraco for allowing the research to 
be developed at the ICI.

Conflict of interest

The authors declare no conflict of interest.



Rom J Diabetes Nutr Metab Dis. 2024; volume 31, issue 2

© 2024 The Authors Romanian Journal of Diabetes, Nutrition and Metabolic Diseases  ::  www.rjdnmd.org 141

Ethics approval

The approval for this study was obtained from the 
Ethics Committee of the School of Nutrition of the 
University of the Republic (approval ID: INV.EST.8/2021).

Consent to participate

Written informed consent was obtained from all 
the participants.

References

1.	 MSP. Cifras preliminares de Mortalidad según causa de Muerte 
[Internet]. Montevideo: Ministerio de Salud Pública; 2021. 
[cited April 2022]. Available from: https://www.gub.uy/min-
isterio-salud-publica/sites/ministerio-salud-publica/files/
documentos/noticias/Cifras%20preliminares%20de%20Mor-
talidad%20seg%C3%BAn%20causa%20de%20muerte%20-%20
Primer%20semestre%202021%20%281%29.pdf

2.	 FNR. Indicadores de Cirugía Cardíaca. [Internet]. Montevideo: 
Fondo Nacional de Recursos, Unidad de evaluación; 2020 [cited 
April 2022]. Available from: https://www.fnr.gub.uy/sites/de-
fault/files/publicaciones/informe_cirugia_cardiaca_2020.pdf 

3.	 FNR. Técnica Cirugía Cardíaca [Internet]. Montevideo: Fondo 
Nacional de Recursos [cited April 2022]. Available form: http://
www.fnr.gub.uy/tecnica_cirugia_cardiaca

4.	 Cassar A, Holmes DR, Rihal CS, et al. Chronic coronary ar-
tery disease: diagnosis and management. Mayo Clin Proc. 
2009;84(12):1130-46; doi: 10.4065/mcp.2009.0391. 

5.	 Gallina Bertaso A, Bertol D, Bartholow Duncan B, et al. Epicar-
dial Fat: Definition, measurements and systematic review of 
main outcomes. Arq Bras Cardiol. 2013;101(1):18-28; doi: 10.5935/
abc.20130138. 

6.	 Rabkin SW, Campbell H. Comparison of reducing epicardial fat 
by exercise, diet or bariatric surgery weight loss strategies: a 
systematic review and meta-analysis. Obes Rev. 2015;16(5):406-
15; doi: 10.1111/obr.12270. 

7.	 Arpaci D, Polat Ugurlu P, Nabi Aslan N, et al. Epicardial fat thick-
ness in patients with prediabetes and correlation with other car-
diovascular risk markers. Intern Med. 2015;54(9):1009-14; doi: 
10.2169/internalmedicine.54.3714. 

8.	 Haberka M, Stolarz-Skrzypek K, Biedroń M, et al. Obesity, Vis-
ceral Fat, and Hypertension-Related Complications. Metab Syn-
dr Relat Disord. 2018;16(10):521-29; doi: 10.1089/met.2018.0062. 

9.	 Iacobellis G, Ribaudo MC, Assael F, et al. Echocardiographic ep-
icardial adipose tissue is related to anthropometric and clinical 
parameters of metabolic syndrome: a new indicator of cardio-
vascular risk. J Clin Endocrinol Metab. 2003;88(11):5163-68; doi: 
10.1210/jc.2003-030698. 

10.	 Karadag B, Ozulu B, Yener Ozturk F, et al. Comparison of ep-
icardial adipose tissue (EAT) thickness and anthropometric 
measurements in metabolic syndrome (MS) cases above and 
under the age of 65. Arch Gerontol Geriatr. 2011;52(2):79-84; doi: 
10.1016/j.archger.2010.06.016. 

11.	 Manno C, Campobasso N, Nardecchia A, et al. Relationship of 
para- and perirenal fat and epicardial fat with metabolic pa-
rameters in overweight and obese subjects. Eat Weight Disord. 
2019;24(1):67-72; doi: 10.1007/s40519-018-0532-z. 

12.	 Iacobellis G, Assael F, Ribaudo MC, et al. Epicardial fat from 
echocardiography: a new method for visceral adipose tissue pre-
diction. Obes Res. 2003;11(2):304-10; doi: 10.1038/oby.2003.45. 

13.	 Walker ME, Matthan NR, Goldbaum A, et al. Dietary patterns 
influence epicardial adipose tissue fatty acid composition and 
inflammatory gene expression in the Ossabaw pig. J Nutr Bio-
chem. 2019;70:138-46; doi: 10.1016/j.jnutbio.2019.04.013. 

14.	 Sato T, Kameyama T, Ohori T, et al. Effects of Eicosapentaenoic 
Acid Treatment on Epicardial and Abdominal Visceral Adipose 
Tissue Volumes in Patients with Coronary Artery Disease. J 
Atheroscler Thromb. 2014;21(10):1031-43; doi: 10.5551/jat.23390. 

15.	 Cena H, Fonte ML, Casali PM, et al. Epicardial fat thickness: 
threshold values and lifestyle association in male adolescents. 
Pediatr Obes. 2015;10(2):105-11; doi: 10.1111/ijpo.227. 

16.	 Launbo N, Zobel EH, von Scholten BJ, et al. Targeting epicardial 
adipose tissue with exercise, diet, bariatric surgery or pharma-
ceutical interventions: A systematic review and meta-analysis. 
Obes Rev. 2020; 22(1):e13136; doi: 10.1111/obr.13136. 

17.	 Guerendiain M, Montes R, López-Belmonte G, et al. Changes 
in plasma fatty acid composition are associated with improve-
ments in obesity and related metabolic disorders: A therapeutic 
approach to overweight adolescents. Clin Nutr. 2018;37(1):149-
56; doi: 10.1016/j.clnu.2016.11.006. 

18.	 Hooper L, Abdelhamid AS, Jimoh OF, et al. Effects of total fat 
intake on body fatness in adults. Cochrane Database Syst Rev. 
2020;6(6):CD013636; doi: 10.1002/14651858.CD013636. 

19.	 Mente A, de Koning L, Shannon HS, et al. A systematic review 
of the evidence supporting a causal link between dietary factors 
and coronary heart disease. Arch Intern Med. 2009;169(7):659-
69; doi: 10.1001/archinternmed.2009.38. 

20.	 Clifton PM, Keogh JB. A systematic review of the effect of die-
tary saturated and polyunsaturated fat on heart disease. Nutr 
Metab Cardiovasc Dis. 2017;27(12):1060-1080; doi: 10.1016/j.num-
ecd.2017.10.010.

21.	 Jang H, Park K. Omega-3 and omega-6 polyunsaturated fat-
ty acids and metabolic syndrome: A systematic review and 
meta-analysis. Clin Nutr. 2020;39(3):765-73; doi: 10.1016/j.
clnu.2019.03.032. 

22.	 Hartley L, May MD, Loveman E, et al. Dietary fibre for the prima-
ry prevention of cardiovascular disease. Cochrane Database Syst 
Rev. 2016(1):CD011472; doi: 10.1002/14651858.CD011472.pub2. 

23.	 FAO/FINUT. Grasas y ácidos grasos en nutrición humana. Con-
sulta de expertos. Estudio FAO Alimentación y Nutrición 91. 
Ginebra: FAO/FINUT; 2012. 

24.	 Neeland IJ, Ross R, Després JP, et al. Visceral and ectopic fat, 
atherosclerosis, and cardiometabolic disease: a position state-
ment. Lancet Diabetes Endocrinol. 2019;7(9):715-25; doi: 10.1016/
S2213-8587(19)30084-1. 

25.	 Khan TA, Tayyiba M, Agarwal A, et al. Relation of Total Sugars, 
Sucrose, Fructose, and Added Sugars With the Risk of Cardi-
ovascular Disease: A Systematic Review and Dose-Response 
Meta-analysis of Prospective Cohort Studies. Mayo Clin Proc. 
2019;94(12):2399-2414; doi: 0.1016/j.mayocp.2019.05.034. 

26.	 WHO. Waist circumference and waist-hip ratio: report of a WHO 
expert consultation. Geneva: World Health Organization; 2008. 

http://www.rjdnmd.org


Morra-Coronel S et al.  The relationship between nutritional and cardiometabolic factors and epicardial fat thickness in adults

142 https://doi.org/10.46389/rjd-2024-1587 © 2024 The Authors

27.	 Babiarczyk B, Turbiarz A. Body Mass Index in elderly people - 
do the reference ranges matter? Prog Health Sci. 2012;2(1):58-67. 

28.	 Suverza A, Haua K. El ABCD de la evaluación del estado de nutri-
ción. México: McGraw Hill; 2010.

29.	 MSP. Guía de práctica clínica de diabetes mellitus tipo 2 para la 
atención en el ámbito ambulatorio. Montevideo: Ministerio de 
Salud Pública; 2017. 

30.	 Anguita-Sánchez M. Comentarios a la guía de práctica clínica de 
la ESC/ESH sobre manejo de la hipertensión arterial de la Socie-
dad Europea de Cardiología y la Sociedad Europea de Hiperten-
sión 2013. Un informe del Grupo de Trabajo del Comité de Guías 
de Práctica Clínica de la Sociedad Española de Cardiología. Rev 
Esp Cardiol. 2013;66(11):842–47.

31.	 NIH/NHLBI. ATP III Guidelines At-A-Glance Quick Desk Ref-
erence [Internet]. Nih.gov [cited july 2022]; Available from: 
https://www.nhlbi.nih.gov/files/docs/guidelines/atglance.pdf

32.	 Millán J, Pintó X, Muñoz A, et al. Lipoprotein ratios: Physiolog-
ical significance and clinical usefulness in cardiovascular pre-
vention. Vasc Health Risk Manag. 2009;5:757-65; doi: 10.2147/
VHRM.S6269. 

33.	 MSP. 2ª Encuesta nacional de factores de riesgo de enfermedades 
no transmisibles. Montevideo: Ministerio de Salud Pública; 2013.

34.	 Christensen RH, von Scholten BJ, Hansen CS, et al. Epicardi-
al adipose tissue predicts incident cardiovascular disease and 
mortality in patients with type 2 diabetes. Cardiovasc Diabetol. 
2019;18(1):114-22; doi: 10.1186/s12933-019-0917-y. 

35.	 Rubio-Guerra AF, Benítez-Maldonado DR, Lozano-Nuevo JJ, et 
al. Correlation between epicardial fat thickness and biochemi-
cal markers of metabolic risk. Med Clin. 2018;151(6):236-38; doi: 
10.1016/j.medcli.2018.01.019. 

36.	 Eroğlu S. How do we measure epicardial adipose tissue thick-
ness by transthoracic echocardiography? Anatol J Cardiol. 
2015;15(5):416-19; doi: 10.5152/akd.2015.5991. 

37.	 INCAP. Manual de instrumentos de evaluación dietética. Guate-
mala: Serviprensa, S.A; 2006.

38.	 Elorriaga N, Irazola VE, Defagó MD, et al. Validation of a self-ad-
ministered FFQ in adults in Argentina, Chile and Uruguay. Pub-
lic Health Nutr. 2015;18(1):59-67; doi: 10.1017/S1368980013003431. 

39.	 Thompson FE, Subar AF. Dietary assessment methodology. In: 
Coulston AM, Boushey CJ, Ferruzzi MG, Delahanty LM. Nutri-

tion in the Prevention and Treatment of Disease. 4th ed. Lon-
don, San Diego: Academic Press; 2017. p.5-48. 

40.	 WHO. Guideline: sugars intake for adults and children. Geneva: 
World Health Organization; 2015. 

41.	 Asociación Médica Mundial. Declaración de Helsinki de la 
AMM - Principios éticos para las investigaciones médicas en 
seres humanos [Internet]. 2015 [cited June 2022]. Available from: 
https://www.wma.net/es/policies-post/declaracion-de-helsin-
ki-de-la-amm-principios-eticos-para-las-investigaciones-medi-
cas-en-seres-humanos/ 

42.	 Villasante Fricke AC, Iacobellis G. Epicardial Adipose Tissue: 
Clinical Biomarker of Cardio-Metabolic Risk. Int J Mol Sci. 
2019;20(23):5989; doi: 10.3390/ijms20235989. 

43.	 Iacobellis G. Local and systemic effects of the multifaceted epi-
cardial adipose tissue depot. Nat Rev Endocrinol. 2015;11(6):363-
71; doi: 10.1038/nrendo.2015.58. 

44.	 Iacobellis G, Willens HJ. Echocardiographic Epicardial Fat: A Re-
view of Research and Clinical Applications. J Am Soc Echocardi-
ogr. 2009;22(12):1311–9; quiz 1417-8; doi: 10.1016/j.echo.2009.10.013. 

45.	 Sironi AM, Pingitore A, Ghione S, et al. Early hypertension is as-
sociated with reduced regional cardiac function, insulin resist-
ance, epicardial, and visceral fat. Hypertension. 2008;51(2):282-
8; doi: 10.1161/HYPERTENSIONAHA.107.098640. 

46.	 Rabkin SW. The relationship between epicardial fat and indices 
of obesity and the metabolic syndrome: a systematic review and 
meta-analysis. Metab Syndr Relat Disord. 2014;12(1):31-42; doi: 
10.1089/met.2013.0107.

47.	 de Vos AM, Prokop M, Roos CJ, et al. Peri-coronary epicardial 
adipose tissue is related to cardiovascular risk factors and coro-
nary artery calcification in post-menopausal women. Eur Heart 
J. 2008;29(6):777-83; doi: 10.1093/eurheartj/ehm564.

48.	 Fernández Muñoz MJ, Basurto Acevedo L, Córdova Pérez N, 
et al. Epicardial Adipose Tissue Is Associated With Visceral 
Fat, Metabolic Syndrome, and Insulin Resistance in Menopau-
sal Women. Rev Esp Cardiol. 2014;67(6):436-41; doi: 10.1016/j.
rec.2013.10.011. 

49.	 Guan B, Liu L, Li X, et al. Association between epicardial adipose 
tissue and blood pressure: A systematic review and meta-analy-
sis. Nutr Metab Cardiovasc Dis. 2021;31(9):2547–56; doi: 10.1016/j.
numecd.2021.05.009. 


