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Abstract

The worldwide obesity epidemic is well known, with most countries experiencing rises in obesity incidence
since the 1980s. Obesity directly contributes to the occurrence of cardiovascular risk factors such as
dyslipidemia, type 2 diabetes, hypertension, and sleep problems. Obesity, in addition to other cardiovascular
risk factors, contributes to the development of cardiovascular disease (CVD) and cardiovascular disease
mortality. Recent research suggests that abdominal obesity, as measured by waist circumference, is a risk
factor for CVD that is independent of body mass index. As adipose tissue develops excessively, the
individual's heart structure and function undergo a range of adaptations and changes. Obesity is a long-term
metabolic disease that is linked to CVD, more hospitalizations, and more deaths. Even in the case of high
blood pressure or a persistent structural heart problem, it is clear that when too much fat builds up, the
structure and function of the heart change in a number of ways. In addition to its indirect effects, obesity
has a number of direct and indirect effects on the cardiovascular system which makes it more likely for
people to get sick or die. There may not be a direct link between total body fat and heart rate because the
heart rate goes down when body fat percent goes up. High cardiac output in obese people is mostly caused by
arise in stroke volume to meet the metabolic needs of adipose tissue. Cardiomyopathy is caused by a direct
effect of obesity on the heart. This is called adipositas cordis. Overweight and obesity can cause or be linked
to a number of heart problems, such as coronary artery disease, cardiac arrest, and sudden death.
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Introduction And Background

The human body is designed to preserve energy when possible, and the human species has been accustomed
to poverty and hunger for a long time. Food is abundant for the first time in history with this generation.
Therefore, people eat more by habit and become obese. Excessive food consumption, i.e., eating more than
the body requires can lead to obesity. Obesity rates have substantially increased in both sexes and people of
all ages, with older people and women seeing proportionately greater prevalence rates [1]. Daily calorie
consumption consists of the basal metabolic rate in addition to daily activity and nutritional activity. W/H2
is the formula used to calculate the obesity index, which is used to measure obesity. W stands for weight in

kilograms, and H for height in meters. Body mass index (BMI) (kg/mz) statistics on obesity are based on the
ranges of 18.5-24.9, 25-29.9, and >30 for normalcy, overweight, and obesity (Table ). Men with a BMI above
27.8 kg/m2 and women with a BMI over 27.3 kg/mZ are considered obese (more than 1.2 times the desirable
body weight) [2]. Central obesity may be of the Android or apple kind (abdominal in males) and the Gynecoid
variety (around the mammary gland area, hips, and thighs in females) [3].
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BMI (kg/m?)
Underweight <18.5
Normal 18.5-24.9
Overweight 25.0-29.9
Obesity, class
| 30.0-34.9
Il 35.0-39.9
Il (Extreme Obesity) 240

Men, £102 cm; Women, <88 cm

Increased

High
Very High

Extremely High

Men, >102 cm; Women, >88 cm

High

Very High
Very High

Extremely High

TABLE 1: Classification of Overweight and Obesity by the Percentage of Body Fat, Body Mass

Index (BMI), Waist Circumference, and Associated Diseases Risk

From Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight and Obesity in Adults—The Evidence Report. National Institutes of

Health. Obesity Res. 1998;Suppl 2:51S-209S.

Obesity in the lower body, which is generated by hyperplasia, the top half of body fat dispersion is mainly
induced by hyperplasia (cell enlargement) (rise in the number of adipocytes). There have been discussions
regarding genetic predisposition [4]. Significantly elevated cardiovascular risk is linked to obesity. Obesity in
the abdomen, considerably if the waist-to-hip ratio is elevated, is more dangerous. Metabolic syndrome
(Syndrome-X) is characterized by hyperglycemia, diabetes, dyslipidemia (increased triglyceride and reduced
HDL), and obesity [5]. Significant adverse effects of obesity include a more risk of coronary heart disorders,
diabetes, high BP, metabolic disease, and a reduced lifespan [6]. A diet low in calories and fat may delay
aging and lengthen life.

One in four adults in the United States is obese, while roughly three-quarters of individuals in the country

are overweight or obese. Class III adiposity (BMI 40 kg/mz) was 7.7 percent of people in the USA in 2016,
according to the Centers for Disease Control and Prevention. Adiposity costs the USA an estimated 147
billion to over 210 billion dollars per year in health care expenditures [7]. Over a year, obese workers cost
their employers an average of $500 less productivity than their slim counterparts. Being overweight or obese
can lead to an elevated risk of circulatory system disease and an increased prevalence and severity of
cardiovascular disease (CVD) [8]. The significant reasons are poor dietary practices (overconsumption of
high-calorie meals) and inactivity.

In literature search, it has been found that obesity directly contributes to the occurrence of CVD and the
increase in morbidity. This article highlights the pathophysiology related to CVD. The present review
discusses the negative effects of obesity on CV health manifesting as accelerated progression of
atherosclerosis, higher rates of ventricular remodeling, and a higher risk of associated diseases, including
stroke, myocardial infarction, and heart failure. The most effective therapies for reversing CVD risk factors
associated with obesity have been dietary changes with exercise, especially through structured exercise
programs, such as cardiac rehabilitation.

Methodology

We have researched various articles on PubMed Central, MEDLINE, the Cochrane Library Web of Science,
and Google Scholar. Search strategies included MeSH words like "adiposity” (AND, OR, #), "cardiovascular
diseases" (AND, OR, #), "adipose tissue" (AND, OR, #), "BMI" (AND, OR, #), "adipositas cordis" (AND, OR, #),
and "hypertension" (AND, OR, #). To screen the articles, we initially used the abstract and then moved on to
full-text examination. Figure I shows the flow of study selection according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) method.
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Records identified Additional records identified
through database search through other resources
(n=120) (n=16)
l l REASONS FOR EXCLUSION:

RECORDS EXCLUSION:
Records after duplicates removed (25)

(n=111)

Records screened
{n=111)

Letters, commentary, editorials,
high cost paid articles, different
languages.

FULL TEXT EXCLUSIONS:

Records excluded
(n=31)

Reviews and articles on
epidemiological aspects,
isolated/varied parameters,

Full-text articles Full-text articles s = &
d for — with reasons || technical issues, interventions, etc.
(n= 80) (n=30)

Full-text articles included
(n=50) .,

Lo

Studies included in Studies included in

[ included | [ etigibility | [ screening | [ identification |

(n=34) (systematic review) (n = 16)

FIGURE 1: Review of Literature by the PRISMA Method

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Review
Obesity-related circulatory system pathophysiology

Although blood flow to fat tissue is generally between two and three ml/100-g-min at rest, it can surge to ten
times that amount after you've had a meal. However, perfusion per unit mass decreases as obesity rates grow
[9]. However, circulation per unit mass decreases as obesity rates increase. There may not be a direct
correlation between total body fat and cardiac output because cardiac output drops from 2.35 milliliters per
minute to 1.50 milliliters per minute whenever body fat percent increases from 20 percent to 36 percent [10].

In obese individuals, there may be a high cardiac output which is caused chiefly by a rise in stroke volume to
fulfil the metabolic requirement of adipose tissue. To compensate for the high venous return, the left
ventricle enlarges, resulting in eccentric hypertrophy that retains the everyday wall stress. In addition to an
enlarged left atrium, obesity is related to a rise in blood volume and venule return. Later, additional issues,
such as left ventricular enlargement and diastolic abnormality, may contribute to the enlargement of the left
atrium [11].

Body mass was shown to be more closely associated with cardiac output and the mass of the left ventricle as
compared to changes in blood volume brought on by obesity in the Strong Heart Study group. At rest, the left
ventricle filling pressure rises as predicted, but during exercise, it commonly exceeds 20 mm Hg [12]. The
left ventricle experiences eccentric hypertrophy. At first, hyperkinetic systole and left ventricle diastolic
malfunction coexist, but if adiposity persists for a longer time, the diastolic dysfunction worsens, and
systolic dysfunction subsequently appears [13]. The direct impact of obesity on the heart, known as
adipositas cordis, results in cardiomyopathy in obese people. In the beginning, the rise in the heart's fat
content results from a metaplastic phenomenon rather than an infiltrative one. Many cardiac components,
including the sinoatrial node, atrioventricular (AV) node, a right bundle of his branch, and the muscle
surrounding the atrioventricular ring, are replaced by fat cells. Conduction abnormalities such as AV block,
sinoatrial block, and bundle branch block can occasionally result from these [14].Adipose tissue bands that
are not regular may eventually split, leading to myocardial cell atrophy under strain. Additionally, these
adipose cells have the potential to release locally active chemicals like adipokines, which might harm the
myocardial cells next to them [15]. Cell malfunction brought on by lipid toxicity can also be caused directly
by triglyceride accumulation in no-fat-containing cells such as myocytes.

Obesity as a possible cause of metabolic/genetic cardiovascular
disorder

The number of persons who have Metabolic Syndrome (Met S) has skyrocketed across the world. There were
several conceptions of the Met S, though now it is a well-defined syndrome [16]. Diabetes and cardiac
disorders risk correlate with Syndrome X as it increases the risk of coronary artery diseases (CAD) [17].
Although abdominal obesity has become a universal risk factor for circulatory system disease, the anticipated
number of life years lost owing to adiposity differs by sex and race [18].

Currently, more than 41 genomic locations have been recognized as possible connections to the emergence
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of obesity under favorable conditions [4]. In the absence of co-morbidities, a person with excess adipose
tissue has several abridged heart shape and function versions, in addition to a modified metabolic profile.
Overall, due to its effects on the circulatory system, overweight and obesity predispose to or are linked to a
number of cardiac problems, including CAD, cardiac arrest, and sudden death [19].

Adipositas cordis

It is a myocardiopathy of adiposity. Rather than being caused by an infiltrative process, the fatty heart is
presumably caused by a metaplastic phenomenon. Fat can slowly build up between muscle fibers in cell
cords, and it can also cause myocyte degeneration, which can lead to heart dysfunction. Small irregular
bands and clusters of adipose tissue may be seen here, which may be the result of the intervening fat causing
pressure-induced atrophy in the myocardial cells.

The lipid toxicity of the heart caused by free fatty acids, which can lead to the death of lipid-rich cells like
cardiomyocytes, is another theory for pathophysiology of obesity-related cardiomyopathy [20]. Obesity may
raise the risk of heart failure through a number of processes (elevated cardiac output, higher total blood
volume, left ventricular diastolic dysfunction and hypertrophy, and adipose tissue). Because lower leg edema
and dyspnea with exercise are frequently nonspecific symptoms of the cardiac disorder in adiposity, it could
be challenging to clinically evaluate an overweight person due to a number of constraints imposed by the
subject's morphology [21].

Congestive heart failure

An elevation in blood volume, increased cardiac output, hypertrophy of the left ventricle, and malfunction
of the left ventricle diastolic are all key obesity-related heart failure symptoms [22]. Along with direct
consequences, other often comorbid diseases, including diabetes, hypertension, and coronary artery disease,
can also have indirect effects. For a variety of reasons, clinical evaluation of obese individuals for heart
failure is sometimes challenging. Leg edema and exertional dyspnea can happen even in the absence of
congestive heart failure [23]. When they are lying down, their stomach contents may press against their
diaphragm, resulting in orthopnea. Physical examinations are challenging since it is challenging to view
neck veins, hear heartbeats and breath noises, and palpate the liver, even if it gets more prominent due to
heart failure.

Heart failure occurred in 496 of the 5880 participants (mean age around 55 years, among which half of them
were women) in the Framingham heart study after 14 years of follow-up [24]. Each increment of 1 above 30
on the BMI was calculated to increase the probability of heart failure by five percent in men and seven
percent in females after optimizing for known risk factors. The hazard ratio for obese women was 2.12 (95%
confidence interval (CI): 1.51-2.97), and for males, it was 1.9 (95% CI: 1.3-.79) [25].

Compared to 54 percent of individuals with normal weight, 42 percent of obese heart failure patients had an
ejection fraction of less than 40 percent. As a result, individuals with diastolic heart failure are more
prevalent among fat people. Obesity alone is the cause of 11 percent of heart failure in males and 14 percent
in females [25].

Arrhythmias

Sudden cardiac death, as well as irregular heartbeats, is more likely to occur in obese individuals. A frequent
cause of death for obese people is cardiac arrhythmias. Men and women who were obese had a fourfold
increase in the risk of sudden cardiac death, according to the Framingham Heart Study [26].

In different research, the prevalence of severe adiposity was six times more in those aged 25 between 34 and
twelve times higher in people aged thirty-five to forty-four, respectively [27]. About 30% of the obese people
with glucose intolerance who took part in the NHANES III trial had an abnormally long corrected

QT interval. According to studies, 2% and 8% of obese persons exhibited QTc intervals that were greater
than 0.46 seconds and larger than 0.44 seconds, respectively. A QTc interval greater than 0.42 seconds was
related to an increased risk of death among "healthy" obese persons who were monitored for 15 years. There
was an increase in the degree of cardiac repolarization irregularity in obese patients as well as in those with
normal weight QT dispersion. For each EKG lead, it compares the greatest and minimum intervals of the QT
interval [28]. QTc interval and QT dispersion are influenced by changes in the sympathetic-vagal balance.
Higher amounts of catecholamines are found in obese persons [29].

In individuals with myocardial infarction, irregular ventricular beat and long-chain trans fatty acids levels
are linked. Weight gain affects the autonomic system in a variety of ways. With a 10% increase in body
weight, the parasympathetic tone decreases, and the heart rate rises. Heart rate decreases as weight is
reduced, on the other hand. The variability of heart rate rises noticeably when a person loses 10 percent of
their body weight. Both a greater resting heart rate and a lesser circadian rhythm are risk factors for death,
regardless of ejection fraction [30].

The Harvard public health nurse's research [31], the Manitoba study [32], and the Framingham heart study
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[33] all found that obesity is a standalone predictor of coronary heart disorder. Patients in the Framingham
cohort were monitored for an average of 26 years, ranging in age from 28 to 62. The risk of coronary artery
disorder was double among males under 50 who were overweight compared to those who were slimmer. After
correcting for other important cardiovascular risk factors, the risk was shown to be increased by 2.5-fold in
obese women of approximately the same age [33].

Moreover, obese patients who have coronary artery bypass have a higher incidence of poor outcomes. They
are more prone to sternum infections, saphenous vein collection site infections, and thromboembolism after
surgery [27]. Additionally, atrial arrhythmias are becoming more prevalent. However, neither mortality nor
cerebrovascular events following surgery rose significantly.

Atrial fibrillation

According to estimates, obesity may be responsible for 60% of recent population growth and one-fifth of
cases of atrial fibrillation (AF) [34,35]. In later life, incident AF is substantially linked with weight increase
and a higher midlife BMI [36]. There is a 29% increased risk of incident AF for every five-unit increase in
BMI. Furthermore, when body fat distribution is taken into account, these numbers can understate the effect
of adiposity. In addition, postoperative AF increases by 10% and postablation AF increases by 13% for every
five-unit increase in BMI [36]. The likelihood of the condition progressing from paroxysmal to permanent AF

has also been shown to increase with obesity, with class 2 obesity (BMI 35.0 to 39.9 kg/mz) being associated

with an 87% increase in risk and a BMI in the range of 30 to 34.9 kg/m2 being associated with a 54% increase
in likelihood [37]. Short-term weight gain results in progressive remodeling of the atria, including increased
fibrous tissue deposition, increased expression of endothelin receptors, and abnormalities in atrial
conduction, which in turn resulted in increased AF inducibility, according to experimental studies in the
ovine mode [38]. These conclusions were expanded upon in a later chronic obesity ovine model, which also
described a novel element of the substrate for AF. This investigation showed that the quantities of
pericardial fat had significantly increased [39]. Epicardial fat was seen entering the atrial myocardium in
histological samples taken from areas close to pericardial fat depots, which could lead to voltage anomalies,
conduction obstruction, and increased AF vulnerability. Clinical evidence also shows how obesity and
epicardial fat contribute to the development of AF [40]. Early research showed that patients with obesity
undergoing electrophysiological tests were considerably more likely to have higher left atrial pressure and
volumes than people with normal weight [41]. Additionally, considerable left atrial remodeling and
decreased contractility were seen in obese people. After accounting for prevalent cardiovascular risk factors
such as diabetes, hypertension, and sleep apnea, these characteristics were still significant. Recent studies
used cardiac magnetic resonance imaging and electroanatomic mapping of the left atrium to examine a
larger cohort of patients receiving AF ablation. According to this study, obese patients had much greater
atrial remodeling, including low-voltage regions, slowed conduction, and higher ECG fractionation [39].
Greater epicardial fat depots were found in areas with more noticeable alterations, demonstrating the
contribution of epicardial fat to the promotion of AF. Epicardial adipose tissue has come to light as a
significant proarrhythmic substrate which may help explain why obesity increases the risk of AF [42]. The
correlations between AF and epicardial fat are stronger than those between AF and measures of total and
abdominal obesity, suggesting that adiposity may have a higher impact than previously thought when
measured by BMI alone [43]. Potential paracrine signaling is supported by the epicardial adipose tissue's
physical closeness to the atrial myocardium [44]. Adiposity may result in a susceptible electrophysiological
substrate in the atria through a variety of mechanisms, including fatty infiltration, adipokine-mediated
fibrosis, and inflammation [45].

Hypertension

When it comes to hypertension, males with BMI lower than 25 have a 15% prevalence, whereas women who
have a BMI of 30 or above have a 15% prevalence and 38% prevalence, respectively. As a result of high blood
flow to adipose tissue, obesity raises the heart's output, resulting in a rise in blood pressure. We should
expect lower peripheral vascular resistance in overweight patients because of the more extensive cross-
sectional area of the artery bed. Considering the larger cross-sectional area of an obese person's arterial bed,
we should predict low systemic vascular resistance [46]. When blood pressure is normal or even high, it is
more prone to develop into hypertension. The sympathetic nervous system is overactive, and
hyperinsulinemia, insulin resistance, low-grade inflammation mediated by adipokines, irregular sleep
patterns, and obesity all contribute to systemic vascular resistance. Hypertension is increasingly common
when fat grows more severe. In the beginning, it could only occur during the day, particularly if sleep apnea
coexists.

Pulmonary hypertension affects 15% to 20% of people with obstructive sleep apnea. When there is no
daytime hypoxia, this is often minor and only occurs seldom. The range is between 30- and 35-mm
Hg. Patients with obstructive sleep apnea are much more likely to be a victim and have a heart attack,
strokes, nighttime dysrhythmias, and both left and right heart failure [47].

Stroke

Even when other risk factors such as diabetes, high blood pressure, and high cholesterol are considered, a
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higher BMI and waist-to-hip ratio are still independent risk factors for stroke [48]. When compared to men
with a BMI of 25, those with a BMI of 25 to 30 (8,105 men) and those with a BMI of >30 (1,184 men) had
multiple adjusted relative risks of total stroke that were 1.32 (95 percent CI: 1.14-1.54) and 1.91 (95 percent
CI: 1.45-2.52), respectively, in the prospective Physician's Health study cohort of 21,414 men [49]. These
figures were derived using the Cox proportional hazards model. These groups had respective relative risks of
1.25 (95 percent confidence interval, 0.84-1.88), 1.92 (95 percent confidence interval, 0.94-3.93), and 1.87
(95 percent confidence interval, 1.38-2.54) for hemorrhagic and ischemic strokes, respectively [50].

The multiple potential risks of ischemia managed to increase by four percent and the incidence of
hemorrhagic stroke by six percent with each unit rise in BMI score. Uncertainty surrounds the underlying
processes through which increased BMI increases stroke risk, regardless of established risk factors like
diabetes and hypertension. As a result of obesity's prothrombotic and inflammatory states, the higher
amounts of C-reactive proteins, as well as lymphokines, may play a role in thrombotic events [50].

Conclusions

From the article, we can conclude that obesity and excess weight are linked to an increased risk of CVD. This
is a result of obesity, on the one hand, and accompanying medical issues, on the other hand (hypertension,
diabetes, insulin resistance, and sleep apnea syndrome). In the event of pre-existing cardiovascular illness,
the death rate of overweight and obese patients is frequently lower than that of people of normal body
weight, a phenomenon known as the "obesity paradox.” Given the increased cardiovascular risk, regular
cardiology screening and management of asymptomatic obese patients are critical for the early detection
and treatment of subclinical medical issues.
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