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Abstract

Background: Standard modifiable or traditional cardiovascular risk factors, such as diabetes, hypertension, and
dyslipidemia, have been implicated in enhancing the development of atherosclerotic cardiovascular disease. Recently,
excess epicardial fat volume has been reported to be a cardiovascular risk marker. The objective of this study is to
demonstrate that excess EFV is associated with structural and functional cardiac abnormalities, regardless of a subject’s
coronary artery calcium score, and emphasize the importance of epicardial fat volume quantification.

Materials and Methods: We screened 2,892 subjects, 18 years and older, for cardiovascular disease risk using the Early
Cardiovascular Health Risk Scoring System, which consists of 10 tests. 328 were evaluated for coronary artery calcium
score and epicardial fat volume using a cardiac computed tomography scan. A total of 57 subjects were found to have a
high-risk coronary artery calcium score, Agatston score > 300, and were then divided into two groups. Group 1, containing
35 subjects, had a high EFV, > 94 cm?®, and Group 2 containing 22 subjects who had a low epicardial fat volume.

Results: The subjects in Group 1 with an excess amount of EFV, averaging 144.85 + 28.70 cm?, were associated with
statistically significant structural and functional cardiac abnormalities. In contrast, Group 2 had a normal EFV, averaging
70.77 £ 17.61 cm?® and lacked associated cardiac abnormalities, except for having an elevated coronary artery calcium
score.

Conclusion: Based on our current data, and in conjunction with our past data, we reiterate the importance of epicardial
fat volume as a cardiovascular disease risk marker and suggest significant influence and correlation with cardiac structural
and functional abnormalities. Our goal is to emphasize the importance of evaluating EFV on every cardiac CT.
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Background

Epidemiology of cardiovascular disease processes became
of great interest daring back to the 1930s [1]. The Framingham
Heart Study pioneered the investigation of causes of
cardiovascular disease (CVD) as death by CVD was increasing.
The study identified high blood cholesterol and elevated blood
pressure to be important risk factors for the development of
disease. The Framingham Risk Score was later developed to
quickly assess the 10-year risk of developed cardiovascular Accepted: August 07, 2021
complications, such as heart attack, stroke, and death from Published online: August 09, 2021
coronary artery disease (CAD). The Framingham Risk Score is
intended for use by patients aged 30-79 years with no prior
history of coronary heart disease [1]. The Framingham Risk
Score evaluates the age and sex of the subject, as well as
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their cigarette usage, status of diabetes mellitus, cholesterol
levels, and blood pressure values [1]. Each of which is proven
to correlate with heart health. This model was used for years
to assist physicians and patients with prevention of CVD by
modifying lifestyle and managing comorbid diseases.

As technology has advanced, coronary artery calcium
(CAC) score (CACS) is now commonly used to assess 10-year
cardiovascular disease risk and quantification of calcium
deposition. CAC, a measure of subclinical coronary artery
disease (CAD), may help identify asymptomatic persons at
risk of CAD events [2]. The presence of high volumes of CAC,
may alter the assessment of CAD risk based on traditional risk
factors [3]. This process of calcification has some resemblance
to bone formation. The formation of calcification in healing
plaques has led to speculation that local CAC progression
might correlate with the progression of noncalcified plaque to
more pathologically stable calcified plaque [4]. The Agatston
score remains the most extensively studied and widely
accepted technique in both the clinical and research settings
when quantifying CAC [5].

Standard modifiable and traditional cardiovascular risk
factors (SMuRFs) such as hypertension, dyslipidemia, diabetes
mellitus, and smoking, have been implicated in enhancing the
development of atherosclerotic CVD (ASCVD). Recently, excess
epicardial fat volume (EFV) has been reported to be associated
with cardiovascular structural and functional abnormalities
[6]. Epicardial adipose tissue (EAT) is the layer of adipose
tissue found between the myocardium and the visceral
pericardium, directly overlying the heart [7]. Similar to the
adipose tissue surrounding the renal arteries, EAT is classified
as perivascular adipose tissue. This type of adipose tissue
differs from abdominal adipose tissues in its mMRNA sequence
and structure, and by the individual adipocytes being smaller
in size [8,9]. It has been reported that EAT produces balanced
anti-inflammatory and anti-atherosclerotic cytokines under
normal physiologic conditions [10,11]. Adiponectin is one
cytokine secreted by the EAT which functions by regulating
the metabolism of lipids and glucose and provides anti-
inflammatory effects to the endothelial cells. Adrenomedullin
is another cytokine found to be secreted by the EAT, which
functions as a vasodilator peptide hormone. These two
cytokines provide cardiac protection by increasing free
fatty acid oxidation, vasodilation, and nitric oxide synthesis
[12,13]. Disrupting the balance of cytokines secreted by
the EAT can lead to a decrease in nitric oxide availability,
causing vasoconstriction, which plays a significant role in the
development of microvascular disease.

Thefunction ofthe EAT layeris notunderstoodinits entirety,
but it has been suggested to provide physiologic protection
to the heart, along with other mechanical, functional,
metabolic, and thermogenic functions [7,12]. Mechanically,
the EAT surrounds the main branches of the coronary arteries,
primarily in the atrioventricular and interventricular grooves,
preventing compression and distortion during myocardial
contraction [7]. EAT penetrates deeply into the interatrial
groove, separating the atrial walls. EAT also penetrates into
the folding that forms the left lateral ridge, the atrioventricular
junction, and the transverse pericardial sinus [13]. Fat depots

around the heart in the pericardial-mediastinal region were
reported to possess multilocular brown adipocytes [14].
Uncoupling protein-1 is expressed at high levels in EAT as
compared to other fat depots; the possibility should be
considered that EAT functions like brown fat to defend the
myocardium and coronary vessels against hypothermia [2].

Several methods of measuring EFV are feasible, including
intrathoracic fat volume, EAT volume, and thoracic fat volume
which can be measured directly by non-contrast cardiac CT
[15]. Some studies have utilized echocardiography as a way
for quantifying EFV, [16] but it is more accurately done using
CT. Given the high spatial resolution of CT and that adipose
tissue has distinct attenuation values, EFV is readily identified
allowing for accurate volumetric measurement [17]. Fat
attenuation and volume can also be reliably measured from
pre-contrast calcium scans, with volume quantification
showing a particularly strong correlation [17]. This is one of
the more reliable and reproducible methods for estimating
the extent of EFV with high spatial resolution [18].

It has been shown that early detection of excess EFV leads
to early detection of cardiovascular structural and functional
abnormalities [6]. Excessive left atrioventricular groove EAT is
a significant risk marker for obstructive CAD, independent of
clinical risk factors and Agatston score [19]. Excess EFV has
been seen in comorbid subjects, including type 2 diabetes
mellitus, obesity, and metabolic syndrome [20]. When in
excess, EAT contributes to the development of CAD. Under
these circumstances, the EAT secretes pro-inflammatory
cytokines, thus enhancing CAD progression [21]. In obese
subjects, it was found that the adipocytes produced pro-
inflammatory adipokines, such as resistin and leptin. These
adipokines enhance the development of CAD due to the
increase in endothelial inflammation. In such subjects,
lifestyle modifications, including weight loss and increased
physical activity, are highly encouraged and have been proven
to decrease the EFV and the severity of the associated CAD [21].

CACSis highly considered to be a novel method to evaluate
cardiovascular health. However, CACS can be influenced by
outside factors such as the location of calcium (intravascular
vs. extra- or peri- vascular) and the presence of a stent, which
can lead to abnormal calcium deposition. The use of EFV as
an additional tool to evaluate cardiovascular health will be
assessed by comparing the cardiovascular structural and
functional effects of EFV in subjects considered to be high
and low risk for CAD based on CACS. Overall, this study will
show that excess EFV directly correlates with structural and
functional cardiac abnormalities and other cardiovascular risk
factors.

Methods

This study aims to evaluate the correlation of EFV and
cardiovascular structural and functional abnormalities. The
target population of this cohort study was aimed to reflect the
demographics of Sarasota and Manatee County. Therefore,
our study includes both males and females, subjects were
not discriminated against based on ethnic background nor
socioeconomic status, and subjects are primarily seniors.
The demographics of Sarasota and Manatee County are
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Table 1: Inclusion and exclusion criteria.

Exclusion Criteria

1. Refusal/Inability to give
informed consent

2. Unable to perform exercise
stress tests for any reason
(wheelchair-bound, severe
COPD, vertigo, etc.)

Inclusion Criteria

1. Adults > 18 years of age

2. High Risk According to Early
Cardiovascular Health Risk
Scoring System (Score > 6)

3. Borderline, Intermediate, or
High Risk according to ACC/AHA
Guidelines (= 5%)

4. Coronary Artery Calcium Score
(MESA 2> 300)

Inclusion criteria 2 and 3 were used to determine which subjects will
be further evaluated with cardiac CT. Inclusion criteria 4 was used to
determine which subjects will be included in the study.

dominated by non-Hispanic, white civilians. Inclusion and
exclusion criteria are listed in Table 1. The study took place
at the Cardiovascular Center of Sarasota, where subjects
have their blood drawn, urine samples collected, undergo
a stress test, retinography, and echography performed.
Subjects were referred to Sarasota Memorial Hospital for
the quantification portion of the study, which was performed
using a cardiac computed tomography (CT) scan, Siemens
Somatom Definition Dual- Source CT scanner 64 x 2. All data
was dual recorded in electronic medical records and on hard
paper copies. The paper copies were filed alphabetically in
the research room at the center.

We screened 2,892 untreated and asymptomatic subjects,
adults at least 18 years of age, for CVD risk using the Early
Cardiovascular Health Risk Scoring System (ECVHRS).The
ECVHRS consists of 10 tests; 7 of which are vascular, and 3
cardiac. The vascular tests are as follows: large (C1) and small
(C2) artery stiffness, blood pressure (BP) at rest and post-
mild exercise protocol (PME), carotid intima-media thickness
(CIMT), abdominal aorta ultrasound, retinal photography,
and microalbuminuria. C1 arterial stiffness was measured
using pulse wave frequencies and represents the conducting
arteries that store blood ejected from the heart during
systole and expel blood to the peripheral tissues during
diastole. C2 arterial stiffness was also measured using pulse
wave frequencies and represents the resistance of muscular
arteries, which regulate the velocity of the pressure wave.
The mild exercise protocol consists of a 3-minute walk on a
treadmill at 7% elevation and a speed of 2.5 miles per hour.
The BP was measured at rest, before the exercise started,
and immediately after completion of the 3-minute walk. An
abnormal rise in systolic BP-PME is defined as a systolic BP
rise of > 30 mmHg, a systolic BP > 170 mmHg, or a diastolic
BP > 90 mmHg. The 3 cardiac tests are as follows: pro-BNP,
electrocardiogram (ECG), and left ventricle ultrasound (LVUS).
The ECG and LVUS were individually interpreted and noted any
abnormalities, including, but not limited to, atrial fibrillation
on ECG and LV hypertrophy on LVUS.

Each of the 10 tests comprising the ECVHRS was scored as
normal (score of 0), borderline (score of 1), or abnormal (score
of 2), thus allowing a minimum score of 0 and a maximum
score of 20. The total score was then classified as low early

risk of CVD (score between 0 and 2), intermediate early risk
of CVD (score between 3 and 5), and high early risk of CVD
(score = 6). Table 2, Table 3, and Table 4, demonstrate the
scoring system for the ECVHRS. Additional factors considered
and measured are waist circumference, body mass index
(BMI), fasting blood sugar, lipid profile, and hs-CRP. Waist
circumference was measured at the level of the iliac crest.
BMI was calculated using the subjects’ height and weight at
the time of visit.

Out of these 2,892 subjects, 328 were evaluated for CACS
and EFV using a cardiac CT scan, Siemens Somatom Definition
Dual- Source CT scanner 64 x 2. Those chosen to undergo
cardiac CT scan were determined to be high early risk (score
> 6) by ECVHRS, or borderline (5 - < 7.5%), intermediate (7.5
- < 20%), or high (= 20%) riskaccording to American College
of Cariology/American Heart Association (ACC/AHA) absolute
10-year ASCVD risk scoring system. The CACS has been
traditionally, and to this day, quantified, using the Agatston
method. The Agatston method uses ultrafast CT scanning
which has the advantages of both rapid image acquisition
and the high contrast and spatial resolution of CT [18]. The
rapid image acquisition allows for the elimination of coronary
motion artifacts. The EFV was quantified using the Hounsfield
method.

Out of these 328 subjects, a total of 57 were found to
have a high risk CACS, with an Agatston score > 300. These 57
subjects were divided into two groups, regardless of gender.
Group 1, containing 35 subjects, had a high EFV, 2 94 cm?,
and high risk CACS. Group 2 consisted of 22 subjects who had
a low EFV, below 94 cm?, and a high risk CACS. Our recent
data based on our target population determined the average
EFV in subjects with a CACS of Oto be 69 + 20 cm? in females
and 68 + 15 cm?® in males [22]. In this same study, those of
which had a CACS score of 0, but cardiovascular structural and
functional abnormalities, as seen on the ECVHRS, averaged an
EFV of 106 + 18 cm?®in females and 114 + 20 cm®in males
[22]. We chose to use 94 cm? as our cut-off for low and high
EFV because 94 cm?is one standard deviation below the mean
of men with cardiac structural and functional abnormalities,
according to our previous study. Given that CAD is more
common in men, and men were the most prominent group
in our study, we chose to use the cut-off values that correlate
with cardiovascular changes due to epicardial fat in men
[23]. The grouping of the subjects is illustrated in Figure 1.
Additionally, the subjects also completed a Cardiovascular
Health Questionnaire to determine activity and exercise
levels. Subjects were asked to state their level of daily activity,
with 30 minutes per day, 3 to 4 times per week being classified
as “active.”

Statistical significance was determined using T-Test and
Chi-squared analysis. A p-value of < 0.05 was considered to
be statistically significant. This study was approved by the
Sarasota Memorial Hospital Institutional Review Board (IRB)
and individual patient written consent was obtained and also
approved by the IRB. Committee reference numbers: 08-CARD-
16 and 10-CARD-26. The datasets analyzed during the current
study are available from the corresponding author on reasonable
request. All participants agreed to the consent to publish.
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Figure 1: Selection of Subjects. This hierarchical design demonstrates our study design and explains why only 57
subjects of the original 2,892 were used for statistical analysis.

Table 2: C1 and C2 artery elasticity scoring system.

Age Gender C1 (capacitive) (mL/mmHgx10) C2 (oscillatory) (mL/mmHgx100)
(years) Normal Borderline Abnormal Normal Borderline Abnormal
< a5 Male >15.0 13.0-14.9 <13.0 27.0 6.0-6.9 <6.0
Female >14.0 12.0-13.9 <12.0 26.0 5.0-5.9 <5.0
46-54 Male >213.0 11.0-12.9 <11.0 26.0 5.0-5.9 <5.0
Female >12.0 10.0-11.9 <10.0 >5.0 4.0-4.9 <4.0
5564 Male 212.0 10.0-11.9 <10.0 25.0 4.0-4.9 <4.0
Female >11.0 9.0-10.9 <9.0 24.0 3.5-3.9 <35
65-74 Male >211.0 9.0-10.9 <9.0 245 4.0-4.4 <4.0
Female >10.0 9.0-9.9 <9.0 >35 3.0-34 <3.0
75 Male >10.0 9.0-9.9 <9.0 24.0 3.5-3.9 <35
Female 29.5 85-94 <8.5 23.0 25-29 <25

The criterion for normal, borderline, and abnormal C1 and C2 is characterized based on age and gender.

Table 3: CIMT scoring system.

Age Gender Left carotid artery Right carotid artery
(years) Normal Borderline Abnormal Normal Borderline Abnormal
<30 Male <0.55 0.56 - 0.59 >0.60 <0.50 0.51-0.54 >0.55
Female <0.50 0.51-0.54 >0.55 <0.46 0.47 - 0.50 >0.51
31-40 Male <0.64 0.65-0.69 20.70 <0.57 0.58-0.62 >0.63
Female <0.57 0.58-0.62 >0.63 <0.54 0.55-0.59 >0.60
4150 Male <0.69 0.70-0.75 >0.76 <0.61 0.62 - 0.66 >0.67
Female <0.64 0.65-0.69 >0.70 <0.60 0.61-0.65 > 0.66
51-60 Male <0.83 0.84-0.89 >0.90 <0.78 0.79-0.83 >0.84
Female <0.71 0.72-0.77 >0.78 <0.68 0.69-0.73 >0.74
61-70 Male <0.93 0.94-1.02 >1.03 <0.88 0.89 -0.97 >0.98
Female <0.81 0.82-0.89 >0.90 <0.78 0.79-0.86 >0.86
570 Male <1.03 1.04-1.10 >1.11 <0.98 0.99 -1.08 >1.09
Female <0.91 0.92-1.00 >1.01 <0.88 0.89 -0.97 >0.98

Ranges of values of common carotid artery intima-media thickness by age and gender. The criterion for normal, borderline, and abnormal
left and right CIMT.

Shahawy ME, et al. Ann Heart 2021, 5(1):123-131 Open Access | Page 126 |



Citation: Shahawy ME, Schultz KJ, Mohan S, et al. (2021) Early Detect to Protect: Excess Epicardial Fat Volume is a Risk Marker for

Cardiovascular Health Assessment. Ann Heart 5(1):123-131

Table 4: Early cardiovascular health risk scoring system.

Test

Vascular component
c1
c2

BP at Rest
(mmHg)

BP-PME
(mmHg)

CimMT
AAUS(cm)

Retinal Photography

Microalbuminuria (mg/mmol)
Cardiac Component

Pro-BNP (pg/dL)

ECG

LVUS (g/m?)

The 7 vascular components and the 3 cardiac components of the ECVHRS are listed and the criterion for how each component is categorized

Normal result
(Score of 0)

Borderline result
(Score of 1)

Based on age and gender (see Table 2)
Based on age and gender (see Table 2)

Systolic Diastolic
<120 <80
Systolic Spike < 30

and

Systolic BP < 169

and

Diastolic BP <90

Diastolic
<80

Systolic
120-129

Systolic Spike 30 - 39
and
Systolic BP 170-179

Based on age and gender (see Table 3)

<25

A/V ratio >3:5

<0.6

<150
No abnormalities
LVMass Index (LVMI) £ 120

25-5.0

A/V ratio < 3:5

or

mild A/V compression
0.61-0.99

150 - 250
Nonspecific abnormalities
LVMI 120 - 129

as normal (score 0), borderline (score 1), or abnormal (score 2) is described.

Table 5: Components of the ECVHRS and other cardiac risk factors; complete data set.

Group 1 (High EFV)

Abnormal result

(Score of 2)
Systolic Diastolic
> 130 >80

Systolic Spike > 39
and
Systolic BP > 179

>5.0

A/V ratio € 1:2

or

A/V nicking present
>1.00

> 250
Diagnostic abnormalities
LVMI > 130

Group 2 (Low EFV)

P-value
Average STD Average STD

Age (years) 68.31 7.79 69.68 8.25 0.530804
C1 (mL/mmHg x 10) 13.05 4.76 12.81 4.65 0.859640
C2 (mL/mmHg x 100) 5.08 2.36 3.59 1.82 0.015832
BP at Rest - Systolic (mmHg) 137.57 16.87 135.36 16.85 0.632299
BP at Rest -Diastolic (mmHg) 74.83 12.06 78.00 11.60 0.331068
BP-PME (mmHg) 39.59 20.64 26.62 15.25 0.016073
CIMT (%) 57.14 0.00 63.64 0.00 0.000000074
AAUS (%) 20.00 0.00 9.09 0.00 0.271512
Retinal Photography (%) 5.71 0.00 4.55 0.00 0.000001
Microalbuminuria (mg/mmol) 0.27 0.24 0.17 0.09 0.056683
Pro-BNP (pg/dL) 77.31 66.86 104.86 108.14 0.256458
ECG (%) 40.00 0.00 31.82 0.00 0.533017
LVUS (%) 57.14 0.00 31.82 0.00 0.062299
Total Cholesterol (mg/dL) 152.00 37.23 165.23 35.42 0.191365
HDL (mg/dL) 46.12 9.30 52.82 10.80 0.016671
LDL (mg/dL) 78.97 30.09 90.86 32.43 0.169699
Triglycerides (mg/dL) 144.40 67.64 93.53 29.54 0.003027
Glucose (mmol/L) 101.59 21.43 92.77 15.80 0.103193
CRP (mg/dL) 0.15 0.11 0.14 0.09 0.571819
BMI (kg/m?) 30.04 3.92 26.65 3.61 0.002047
Waist Circumference (in) 42.71 4.30 37.40 4.55 0.000079
Male Waist Circumference (in) 42.88 4.14 38.33 4.07 0.001544
Female Waist Circumference (in) 42.00 5.32 35.08 5.23 0.046469
Activity Level (%) 42.86 0.00 81.82 0.00 0.003727
CACS 951.48 516.48 580.26 226.90 0.005820
EFV (cm?3) 144.85 28.70 70.77 17.61 0.0000000000000052

An increase in cardiovascular structural and functional abnormalities between Group 1 and Group 2 was statistically significant for C2
microvascular arterial stiffness, BP rise PME, CIMT, retinal photography, HDL, triglyceride level, BMI, waist circumference for both males and
females, activity level, CACS, and EFV. P-values were calculated using a two tailed T-Test. Chi-square analysis was used to analyze percentages.
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Results

Asshownin Table 5, the subjects in Group 1, with an excess
amount of epicardial fat (EFV > 94 cm3), were associated
with statistically significant structural and functional cardiac
abnormalities. Group 2 subjects with a low EFV (< 94
cm?®) were associated with minimal cardiac structural and
functional abnormalities, regardless of having a high risk CACS
(MESA > 300).These findings were particularly demonstrated
with multiple vascular and cardiac components including
C2 (p-value = 0.015832), BP rise PME (p-value = 0.016073),
CIMT (p value = 0.000000074), AAUS (p value = 0.27169),
retinal photography (p value = 0.000001) and LVUS (p value =
0.000375). The complete data set for each component of the
ECVHRS can be found in Table 5 and demonstrated visually in
Figure 2, illustrating the 7 vascular components, and Figure 3,
illustrating the 3 cardiac components.

It has been reported previously that an abnormal rise in
systolic BP-PME was associated with significant cardiovascular
abnormalities, and this was consistent throughout the
research [6]. The PME rise in systolic BP was statistically
significant with the rise in Group 1 being elevated at 39.59 +
20.64 mmHg, while Group 2 was much lower at 26.62 + 15.25
mmHg.

It was noted that the group with high EFV, Group 1, had an
average waist circumference and BMI categorized as obese.
Our data found the average waist circumference and BMI
in Group 1 to be 42.71 + 4.30 inches and 30.04 * 3.92 kg/
m?, respectively, both representing obesity. In contrast, the
average waist circumference in Group 2was 37.40+4.55 inches
and the average BMI was 26.65 + 3.61 kg/m?. We then divided
each group into males and females and averaged the waist

circumference measurements. Still, the data showed waist
circumferences being considered obese in Group 1 and not
obese in Group 2. These values were found to be statistically
significant and can be found in Table 5 and demonstrated in
Figure 4, along with the complete list of averages for common
cardiovascular risk factors.

Finally, the overall difference in CACS and EFV between the
two groups was striking. Though each group only contained
subjects considered to be high risk by MESA, with a score >
300, the average CACS was still much higher in Group 1. The
average CACS in Group 1 was 951.48 + 516.48 and was 580.26
+ 226.90 for Group 2. Continually, of utmost importance,
and statistical significance, the average EFV in Group 1 was
elevated ataveraging 144.85 + 28.70 cm® and normal in Group
2 at 70.77 £ 17.61 cm®. The significance of the difference in
EFV has a p-value of < 0.0000000000000052, all shown in
Table 5.

Discussion

Statistics from the Centers for Disease Control and
Prevention (CDC) in 2020 show that heart disease is the
leading cause of death in men, women, and people of most
racial and ethnic groups in the United States [24]. CAD is the
most common type of heart disease and CDC reports that
around 18.2 million adults (6.7%) have CAD, and around 2
in 10 deaths from CAD occur in adults less than 65 years old
[24]. The CDC also reports that on average, a United States
citizen suffers a heart attack every 40 seconds. This totals
to approximately 805,000 Americans each year. Per CDC, of
these myocardial infarctions, 75% are the person's first heart
attack [24].
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Figure 2: Comparison of the Vascular Components of the Early Cardiovascular Health Risk Scoring System. C1, C2,
BP at rest, systolic BP-rise PME, and microalbuminuria were measured and the average value for each group are
shown. CIMT, AAUS, and retinal photography were individually interpreted and the values displayed represent the
percent of subjects in each group that scored a 1 or 2, borderline and abnormal, respectively.
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Figure 3: Comparison of the Cardiac Components of the Early Cardiovascular Health Risk Scoring System. Pro-BNP
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Figure 4: Comparison of Additional Cardiac Risk Factors. A blood test was used to measure cholesterol, triglyceride,
glucose, and CRP level. The activity level is represented as the precent of subjects who reported physical activity.
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Recent ACC/AHA guidelines recommend CACS for
further optimal cardiovascular risk stratification [21]. Based
on the results within our patient population, EFV appears
to be another excellent tool for cardiovascular health risk
assessment. In light of recent evidence, there is a rise in the
number of STEMI patients who are young and are SMuRF-
less. This data, when combined with the staggering statistics
offered by the CDC, emphasizes the importance for more
precise and earlier detection methods for cardiovascular

disease risk to assess,
individuals for occult CAD.

stratify, and treat asymptomatic

We believe that the EAT could be a significant risk factor
in the induction of numerous structural and functional
abnormalities in the microvasculature and macro vasculature
of the cardiovascular system. This may be due to an imbalance
in the secretion of pro-inflammatory cytokines, such as leptin
and adiponectin [25,26]. This imbalance could in turn cause
the degradation of the endothelial glycocalyx. The glycocalyx
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is a gel-like layer covering the luminal surface of vascular
endothelial cells [26]. The glycocalyx maintains homeostasis
of the vasculature, including controlling vascular permeability
and microvascular tone, preventing microvascular thrombosis,
and regulating leukocyte adhesion [26]. The degradation of
glycocalyx is also thought to contribute to microcirculatory
dysfunction due to enzymatic degradation and mishandling of
nitric oxide [26].

According to the present study, Group 1 (high EFV and
high CACS) is associated with more structural and functional
cardiovascular abnormalities than Group 2 (low EFV and
high CACS) as evidenced by Table 5. The common cardiac
microvascular risk marker and biomarkers, such as C2, were
found to be significantly decreased in subjects with lower
EFV. The lack of cardiovascular disease progression in subjects
with a high-risk CACS and a low EFV could possibly be due
to the location of calcium deposition, which might be heavily
influenced by EAT.

Although not the purpose of our present study, we did
note that some of our subjects with low EFV who had an
elevated CACS, and were sent for a cardiac catheterization,
often had no significant obstructive coronary lesions. Of
interest, this was the group of patients who tended to be
highly active. Interestingly, when assessing the activity level of
the subjects, less than half of the subjects in Group 1 reported
being active. Of those who claimed to be active, it was noted
that the main form of exercise was passive, including walking
and daily household chores. For comparison, the majority
of the subjects in Group 2 were very active, meaning they
exercised for more than 30 minutes per day, 3 to four times
per week. The type of exercise reported by these subjects in
Group 2 included more intense cardiovascular activity such as
running, biking, swimming, tennis, and so on. Of note, many
of the very active subjects in Group 2 claimed to participate
in more than one form of exercise. This further emphasizes
the correlation between exercise and the volume of EAT. It
can be inferred that lack of exercise, i.e. a sedentary lifestyle,
is a major contributing factor to excessive EFV. As a result, the
excess EFV can lead to plague formation and may correlate
with a higher risk of cardiovascular events.

The running hypothesis and scientific theory is that the
cytokines released by the EAT play a role in the localization
of calcium, such that, when in excess, there is intravascular
calcium deposition, leading to major CAD-related issues.
Group 2 subjects were observed to be significantly more
physically active in comparison to Group 1 subjects, which
could have been a contributing factor to the reduction in EFV
and in turn, a reduction of endothelial dysfunction through the
mechanism of a more preserved endothelial glycocalyx [26].

Many studies have correlated the regression of EAT with
weight loss and weight management, as well as routine
exercise [27]. Given the significant relationship between waist
circumference and EFV, regardless of gender, we posit that
waist circumference be included in the overall assessment
of subclinical CAD. Waist circumference can easily be utilized
as a feasible, cost-effective, and quick screening method to
determine which subjects are of high risk and should undergo
further evaluation via cardiac CT scan. Many studies also
consider using statin to reduce LDL levels below 70 mg/dL
and utilizing a GLP-1 receptor agonist for the reduction of

EFV [28]. Weekly administration of GLP-1 receptor agonists
causes a rapid, substantial, and dose-dependent reduction in
EAT thickness [28]. Hopefully, these findings will be a stimulus
to other investigators to better understand the role of excess
EFV in the genesis of cardiovascular disease and stimulate
therapeutic interventions to prevent future cardiovascular
complications.

Conclusion

Based on our current data, excess EFV is a novel CV
risk marker beyond Agatston CACS. Time to focus on EFV
determination on CT scans. As demonstrated within our
target population, EFV quantification may be a more sensitive
risk factor for CVD than the traditional CACS. More evidence
is required to determine which quantification method is more
accurate, but for the time-being, we propose that all cardiac
CT scans should have both the CACS and the EFV [29].

Due to the limitations of our study, primarily based on
the demographics of our target population, the validity of
our study will need to be confirmed with larger and more
diverse populations. In our study, most of the subjects were
of the Caucasian race, meaning that this study will need to
be expanded upon with a cohort with more racial diversity
to further the impact of EFV on cardiovascular health.
Additionally, there were more male subjects in both Group
1 (28 Males; 7 Females) and Group 2 (16 Males; 6 Females).
Hopefully, studies soon will have a greater number of subjects
that are both diverse in gender and race and will be able to
duplicate and confirm our findings.

Nonetheless, our results may be interpreted as follows:
the coronary artery calcium distribution, in the presence of
a low EFV, is extravascular or less obstructive based on the
lack of structural and functional abnormalities. Excess EFV,
with excessive production of atherogenic cytokines and
adipokines, such as leptin, resistin, IL-1, IL-6, and TNF-a, leads
to endothelial dysfunction with subsequent intravascular
plague formation due to poor nitric oxide utilization and
calcification, which might be obstructive, and might not be
the case with normal EFV. In turn, excess EFV may lead to
more future cardiovascular events.

Early detection of EFV will offer clinicians an opportunity
to initiate early, aggressive lifestyle and therapeutic changes.
Early detect to protect.
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