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Obesity, insulin resistance, dyslipidaemia, and hypertension are interrelated through the
shared pathophysiologic pathways, which makes metabolic dysfunction the primary
cause of cardiovascular disease (CVD) in the world. Cardiometabolic disease is no
longer focusing on risk factors separately but concentrating on the holistic inter-
relationships of the cardiovascular system, metabolic system, liver and kidney systems.
Obesity-associated insulin resistance and non-alcoholic fatty liver disease (NAFLD) all
worsen myocardial remodelling, atherogenesis, systemic inflammation, and endothelial
dysfunction and increase the risk of coronary artery disease, heart failure, arrhythmias,
and stroke. The adipokine imbalance and ectopic fat deposition in the induction of
cardiovascular damage through paracrine inflammatory signalling and lipotoxicity has
increasingly found a place in the scientific literature. This involves fatty tissues
surrounding the heart, surrounding blood vessels and in the liver. This paper will briefly
describe the current state of the art in cardiometabolic syndrome and examine the
biological links between metabolic malfunction and cardiovascular disease as well as
discuss the emerging diagnostic and management options of reducing the risk of
cardiometabolic complications through preventive and integrative approaches.

INTRODUCTION

the two togetherI"?)Cardiovascular disease (CVD)
is the leading cause of death among over 19

A massive global health disaster is metabolic
dysregulation that is closely linked to increased
prevalence of cardiovascular disease. Rebranding
the metabolic syndrome into a cardiometabolic
disease is a more accurate understanding of the
risks of both diseases and gives a superior rationale
as to why there should be a concerted effort to treat

million people annually, and loss of disability-
adjusted life years because of cardiovascular
disease will increase to 437 million by 2023,
which is 1.4 times greater than in 1990. Metabolic
risks that include obesity, diabetes and
hypertension are causing a projected 16.5 million
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fatalities and 325 million disability-adjusted life-
years (DALYSs) by 2029 which disproportionately
affect older populations. There is a very large gap
in gender pay with high income areas paying a
disproportionate amount of this cost.*

The presence of obesity, dyslipidaemia,
hypertension, and insulin resistance was lumped
under the umbrella term of metabolic syndrome
which did not take into consideration the special
impact they had on the different organs such as
kidney and liver disease. The association of
metabolic, renal, and cardiac health led the
American Heart Association to add the term
cardiometabolic disease (and more recently
cardiovascular-kidney-metabolic) CKM
syndrome. The European Atherosclerosis Society
recently categorizes the fatty liver disease as a
systemic metabolic disorder (SMD) as part of their
multi-organ approach®These frameworks aim to
mitigate the intelligence that prevented any
progress in CVD, highlighting both the similarities
in the origins of obesity and insulin resistance,
which are prevalent among over 1 billion
individuals in the world. The CKM and SMD
recommend holistic strategies, which involve
lifestyle ~ changes, @ GLP-1  drugs, and
multimorbidity screening to counter the rising
trends due to lifestyle changes. Taking into
account the fact that 60 percent of the population
would be overweight in the year 2050, it is of
crucial importance that they put a stress on the
preventative and not on personal risks®

Cardiometabolic Syndrome:
Clinical Impact

Concept and

1) Current  Diagnostic Criteria and
Considerations
Cardiometabolic syndrome is a group of

associated disorders characterized by core obesity,

dysglycemia, hypertension, and atherogenic
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dyslipidaemia. A diagnosis is typically achieved
by three out of five criteria of standardised
recommendations including NCEP ATP III or IDF
packages, without any mandatory
component.(7,8,9)Critical criteria are belly fat
(waist circumference above 102 cm in men and 88
cm in women), high cholesterol level (HDL level
less than 40 mg/dl in men and less than 50 mg/dl
in women), fasting glucose level (GS) of
100mg/dl, and blood pressure level (BP) of
130/85mmHg. This means that the body is insulin
resistant which may cause damage to the
vessels."%9

Different organisations currently define it
differently; the World Health Organization
complicates the need by epidemiologists to
establish insulin resistance; cutoffs are arbitrary
and fail to identify danger early enough; and
ethnicity-specific ~ cutoffs, including
difference, are disregarded. Children and non-
overweight people are less susceptible to it as they
categorize  continuous dangers into  two
groups.1%111213) Focys on metabolic dysfunction
that exceeds obesity, e.g. metabolic dysfunction-
associated steatotic liver disease (MASLD,
formerly NAFLD), which is hepatic steatosis
accompanied by at least one metabolic risk factor
(e.g. diabetes or hypertension). Gives preference
to noninvasive biomarkers, fitness or leptin in
ongoing risk ratings to enhance the early
detection.(1415:16)

waist

2) Epidemiology and Cardiovascular Risk

The NHANES statistics showed that the
prevalence had already increased among the US
adults to 34% by 2012. South Asians and Black
women in particular were very much affected by
it. Globally, it is more than 20 percent in Latin
America and Europe, but within some of the
Chinese cohorts has been twice higher in the past
five years. A childish look identified by its effect
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to 3-5 percent of children!"'Patients are twice as
likely to have myocardial infarction and stroke
which are atherosclerotic cardiovascular diseases.
Metabolic syndrome is associated with the
occurrence of atrial fibrillation and an adverse
prognosis, and its hazard ratios can reach 1.98
major adverse cardiac events without confirmed
CAD. Microvascular dysfunction and hypertrophy
are the causes of heart failure risk.!31%)

Clustering increases the number of people killed;
the hazard ratios grow to 2.22 (3 factors) as
opposed to 1.37 (one factor) and this is more than
the sum of the three hazards. When some or all of
the risk factors are combined, e.g., obesity,
hypertension and a high level of cholesterol, the
threat of a stroke and coronary events is high. The
cardiovascular history is a major
determinant in prognosis of multimorbidity which
develops rapidly.%2!

disease

Obesity, Insulin Resistance, and

Cardiovascular Disease

NAFLD,

Overload of visceral fat results in hepatic steatosis
and systemic inflammation which subsequently
culminate in insulin resistance, non-alcoholic fatty
liver disease (NAFLD) and cardiovascular disease.
These are interdependent conditions termed as

cardiometabolic pathways. These variables
increase the risks through the ectopic fat
deposition and proinflammatory cytokines by
creating a bond between liver dysfunction and
atherogenesis.****)In individuals who are not
excessively fat, the dysfunctional adipocytes in
visceral obesity result in steatosis through an
augmentation of the free fatty acid influx into the
liver. It facilitates hyperinsulinemia and metabolic
imbalance by lowering the efficiency of lipolysis
suppression that subsequently elevates the level of

insulin resistance.®*>>

Hepatic fat is strongly linked to decreased insulin
sensitivity and over 80 percent of NAFLD patients
are resistant. Insulin resistance causes NAFLD.
Hyperinsulinemia facilitates the cardiovascular
disease by raising the levels of atherogenic lipids
and very low-density lipoprotein
(VLDL).??>?>Besides dyslipidaemia cause and
endothelial dysfunction, NAFLD poses a greater
risk of developing CVD (OR 1.64-2.20 with
T2DM) by making the NLRP3 inflammasome
active due to the exposure to saturated fatty acids.
Its symptoms are aggravated by inflammation of
the Epicardial fat which involves hypertension,
coronary disease, arrhythmias and heart failure®

Obesity

Insulin Resistance

NAFLD

Figure 1: Schematic Representation of the Cardiometabolic Continuum
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Role of Adipokines and Ectopic Fat in
Cardiovascular Disease

Adiponectin, leptin which is implicated in
hypertension when excessive, and resistin which is
pro-inflammatory and implicated in endothelial
dysfunction are important adipokines. The
mechanisms of plaque formation and thrombosis
are an augmentation of pro-inflammatory
adipokines, including leptin and visfatin, and a
reduction in preventive adipokines, including
adiponectin, which take place in obesity!
27.289)Heart failure of preserved ejection fraction
(HFpEF) is also defined by the limitation of
diastolic function and augmented fibrosis brought
about by direct lipotoxicity, resulting to ectopic
fat, in the myocardial, perivascular, and epicardial
tissues. Pathogenic adipokines that are produced
locally  exacerbate
rarefaction and arrhythmias.%3V

coronary  microvascular

Dysregulated adipokines promote systemic
effects, including blood pressure rise because of
renal salt retention, and endothelial nitric oxide
inhibition, thereby raising the risks of coronary
artery disease and stroke. In more
situations, ectopic fat enhances myocardial insulin

Severe

signalling causing hypertrophy and systolic
dysfunction.>3
Clinical Implications and  Diagnostic
Considerations

Cardiometabolic syndrome risk assessment should
also include comprehensive risk assessment like
imaging of ectopic fats, biomarkers of early
metabolic dysfunction, as well as traditional
measurements such as body mass index (BMI).
These techniques detect metabolic cardiovascular
prediction, with visceral obesity and subclinical
disease.**)An indicator of ectopic fat, e.g. liver fat
fraction by MRI, correlates with coronary events
regardless of body mass index; hs-CRP, Lp(a),
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GDF-15 indicate atherogenesis via inflammation.
Magnitudes of fibrosis (e.g., FIB-4) linked with
non-alcoholic fatty liver disease are linked with
more dire types of heart failure.>

Echo with sensitivity of over 80 might detect
diastolic dysfunction, enlarged left atrials, and
epicardial fat thickness, which may all be
predictors of atrial fibrillation in metabolic
syndrome. Subclinical systolic worsening, which
is detected by strain imaging, is present before
ejection fractions decrease.'” The gold standard of
determining the degree of fat infiltration and
fibrosis in the myocardium, using T1 mapping, the
degree of lipotoxicity of heart failure patients with
ischaemic symptoms related to cardiometabolic
features. Pericardial fat volume is a highly
predictive of significant unfavourable cardiac
events.®!

Restricting 15-20% of all patients with identified
metabolic risks to coronary artery calcium scoring
would involve the integration of visceral fat, which
involves  non-contrast 1imaging. The CT
attenuations of the epicardial and perivascular fat
areas are done to determine the presence of
inflammation and the likelthood of having
plaque®?

Therapeutic Perspectives
1) Lifestyle Interventions

Within just six months, insulin sensitivity, losing
5-10% of visceral fat, lowering HbAlc and blood
pressure is seen by those who adhere to calorie-
restricted Mediterranean, or low-carb diets.
Studies including Look AHEAD have concluded
that cardiovascular disease (CVD) events could be
minimized by a quarter with aerobic exercise (150
minutes per week) combined with resistance
training which enhanced mitochondrial functions
and adiponectin levels?)
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2) Insulin-Sensitizing Agents

Metformin lowers major adverse cardiac incident
(MACE) by 31 percent in diabetes persons based
on UKPDS follow-ups and causes moderate
weight loss (2-3 kg). This effect is increased by
Semaglutide and other GLP-1 receptor agonists,
which  inhibit  hunger, offer
cardioprotection, and thereby a
atherosclerosis development.!”

immediate
delay in

3) Anti-Obesity Therapies

Tirzepatide enhances heart failure ejection in
patients with HFpEF and leads to weight loss 15-
20%. It also treats non-alcohol fatty liver disease
in 60 percent of the patients. Bariatric surgery
maintains weight loss of 25% and normalises
metabolic parameters in 70% patients whereas
permanently reducing the risk of stroke by 50.¢7)

4) Metabolic Agents

The benefits of SGLT2 inhibitors (empagliflozin)
and finerenone in the cardiovascular disease
include natriuresis, reduced inflammation, and
fibrosis regression as well as reduce the relative
risk of heart failure hospitalisations by 1438.
Statins remain essential in the management of
dyslipidaemia by lowering the chances of the
atherogenesis'®

5) Adipokine Modulation

The effect of omega-3 fatty acids and polyphenols
is the activation of the AMPK pathways, which
resemble the effects of exercise on adiponectin and
leptin resistance. The aim of emerging senolytics
is to restore adipose endocrine homeostasis“”

6) Ectopic Fat Reduction

The metabolic pathways that are triggered by
polyphenols and omega-3 fatty acids resemble
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those triggered by exercise with regards to leptin
resistance and adiponectin. New senolytics should

restore the adipose endocrine system to
equilibrium©G”
FUTURE DIRECTIONS

Within just six months, insulin sensitivity, losing
5-10% of visceral fat, lowering HbA1c and blood
pressure is seen by those who adhere to calorie-
restricted Mediterranean, or low-carb diets.
Studies including Look AHEAD have concluded
that cardiovascular disease (CVD) events could be
minimized by a quarter with aerobic exercise (150
minutes per week) combined with resistance
training which enhanced mitochondrial functions
and adiponectin levels. Metformin lowers major
adverse cardiac incident (MACE) by 31 percent in
diabetes persons based on UKPDS follow-ups and
causes moderate weight loss (2-3 kg). This effect
is increased by Semaglutide and other GLP-1
receptor agonists, which inhibit hunger, offer
immediate cardioprotection, and thereby a delay in
atherosclerosis development. Tirzepatide
enhances heart failure ejection in patients with
HFpEF and leads to weight loss 15-20%. It also
treats non-alcohol fatty liver disease in 60 percent
of the patients. Bariatric surgery maintains weight
loss of 25% and normalises metabolic parameters
in 70% patients whereas permanently reducing the
risk of stroke by 50. The benefits of SGLT2
inhibitors (empagliflozin) and finerenone in the
cardiovascular disease include natriuresis, reduced
inflammation, and fibrosis regression as well as
reduce the relative risk of heart failure
hospitalisations by 1438. Statins remain essential
in the management of dyslipidaemia by lowering
the chances of the atherogenesis. The effect of
omega-3 fatty acids and polyphenols is the
activation of the AMPK pathways, which
resemble the effects of exercise on adiponectin and
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leptin resistance. The aim of emerging senolytics
is to restore adipose endocrine homeostasis ?%3! 37

CONCLUSION

Metabolic dysfunction has been found to be the
cause of a wide range of cardiovascular disorders.
Since it is no longer considered as a conventional
syndrome, but integrated
cardiometabolic and multi-organ models, our
understanding of how obesity, insulin resistance,
and non-alcoholic fatty liver disease (NAFLD)
predispose one to cardiovascular disease has
grown. Adipose tissue is not only an energy
storage but it is an active endocrine organ, which

metabolic rather

induces inflammation, endothelial dysfunction and
cardiac damage through adipokine mal-regulation
and ectopic fat deposition. Slow down the
progression of the disease with early identification
of cardiometabolic risk is a hope that can be
realised through the application of advanced
imaging, biomarkers along with behavioural
modifications and special drug treatment. To
reduce the growing global burden of
cardiovascular disease, prevention, phenotype-
based risk assessment, and combined
cardiometabolic care should become a priority in
the future.
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