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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.

Keywords: epicardial fat, cardiac surgery, dietary intake, cardiometabolic profile, nutritional status.

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 Cardiologia 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

@@@ © 2024 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press Group
@ on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article under the terms
8B of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).


http://www.rjdnmd.org
http://creativecommons.org/licenses/by-nc-nd/3.0/

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

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/height? (Kg/m?] and classi-
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fied as low weight <18.5 kg/m? normal weight 18.5 to
24.9 kg/m?; overweight 25 to 29.9 kg/m?; type I obesity
30 to 34.9 kg/m?; type II obesity 35 to 39.9 kg/m? and
type I1I obesity >40 kg/m?[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 BMIwas calculated using the average weight
and height measurements.

Cardiometabholic factors

Data on cardiometabolic factors were collected
from each patient’s digital medical history through
the application of Instituto de Cardiologia Integral (ICI
data) and from the nurse’s shift report worksheets.

© 2024 The Authors



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 c¢m, 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.

© 2024 The Authors
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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 oncea
month”, 1 point for “2 to 3 times a month”, 2 points for
“lor 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 meanz+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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Table 1: Comparison of anthropometric and cardiometabolic parameters according to type of surgery.

Total

Parameters

n  Mean SD
Age (years) 35 69.06 9.08
BMI (kg/m?) 35 29.82 5.79
Waist circumference (cm) 31 97.00 12.91
Epicardial fat thickness (mm) 25 7.44 3.54
Glycemia (mg/dl) 30 120.93 36.04
Diastolic blood pressure (mmHg) 30 72.00 12.13
Systolic blood pressure (mmHg) 30 126.00 27.24
HDL-cholesterol (mg/dl) 29 4238 12.31
Triglycerides (mg/dl) 29 181.24 130.98
LDL-cholesterol (mg/dl) 29 102.10 32.76
Atherogenic index 29 4.29 1.14
Total cholesterol (mg/dl) 29 172.55 39.25
Number of drugs consumed 35 4.46 2.08

Type of surgery
Revascularized Notrevascularized
(n=24) (n=11) p

Mean SD Mean SD

66.58 9.45 74.45 5.33 0.004
30.57 5.98 28.21 5.26 0.270
100.24 12.91 91.12 11.13 0.058

8.39 3.45 5.00 2.58 0.028
126.05 33.65 109.00 40.59 0.060*
74.43 12.86 66.56 7.60 0.065
126.81 20.15 123.56 7.33 0.644
38.47 9.82 49.80 13.58 0.015
210.58 149.70 125.50 57.29 0.077*
102.58 31.53 101.10 36.72 0.910

4.65 1.17 3.61 0.73 0.016
170.89 36.13 175.70 46.54 0.760

5.29 1.65 2.64 1.74 <0.001

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.

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/m?

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

Table 2: Relationship between dietary factors, type of surgery and classification of epicardial fat thickness.

Tvpe of surger Classification of
yp gery epicardial fat thickness
Variables
Revascularized Notrevascularized Increased Adequate
(n=24) (n=11) (n=16) (n=9)
Fat intake
Adequate 5 4
0.416 0.205
Elevated 19 7 13 5
136 https://doi.org/10.46389/rjd-2024-15817 © 2024 The Authors



Table 2: Continued.
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Classification of

Type of surgery epicardial fat thickness
Variables
Revascularized Notrevascularized Increased Adequate
(n=24) (n=11) (n=16) (n=9)
Dietary fiber intake
Low fiber 19 8 12 8
0.685 0.621
You should consume more 5 3 4 1
Sugar intake
Adequate 4 2 3
1.000 1.000
Elevated 20 9 13

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

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-T) 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-

© 2024 The Authors

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).

Cardiometabholic 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
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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

140 https://doi.org/10.46389/rjd-2024-1581

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.
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