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Introduction
As the world’s most prevalent cause of mortality, Non com-
municable diseases (NCDs) are considered to pose a serious 
threat to the public health worldwide. Other than cancer, car-
diovascular diseases and diabetes are gaining international 

attention as the prime NCDs affecting global population.1 
Cardiovascular diseases are attributed for 31% of global deaths 
by world health organization in 2019 and its prevalence is rap-
idly expanding as a significant global health concern.2 On the 
other hand, according to international diabetes federation 
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ABSTRACT: A complex metabolic condition referred to as Type 2 diabetes mellitus (T2DM) is characterized by insulin resistance (IR) and 
decreased insulin production. Obesity, dyslipidemia, hypertension, and chronic inflammation are just a few of the cardiometabolic illnesses that 
people with T2DM are more likely to acquire and results in cardiovascular issues. It is essential to comprehend the mechanistic insights into 
these risk variables in order to prevent and manage cardiovascular problems in T2DM effectively. Impaired glycemic control leads to upregu-
lation of De novo lipogenesis (DNL), promote hepatic triglyceride (TG) synthesis, worsening dyslipidemia that is accompanied by low levels 
of high density lipoprotein cholesterol (HDL-C) and high amounts of small, dense low-density lipoprotein cholesterol (LDL-C) further develop-
ing atherosclerosis. By causing endothelial dysfunction, oxidative stress, and chronic inflammation, chronic hyperglycemia worsens already 
existing cardiometabolic risk factors. Vasoconstriction, inflammation, and platelet aggregation are caused by endothelial dysfunction, which is 
characterized by decreased nitric oxide production, increased release of vasoconstrictors, proinflammatory cytokines, and adhesion molecules. 
The loop of IR and endothelial dysfunction is sustained by chronic inflammation fueled by inflammatory mediators produced in adipose tissue. 
Infiltrating inflammatory cells exacerbate inflammation and the development of plaque in the artery wall. In addition, the combination of chronic 
inflammation, dyslipidemia, and IR contributes to the emergence of hypertension, a prevalent comorbidity in T2DM. The ability to target therapies 
and management techniques is made possible by improvements in our knowledge of these mechanistic insights. Aim of present review is to 
enhance our current understanding of the mechanistic insights into the cardiometabolic risk factors related to T2DM provides important details 
into the interaction of pathophysiological processes resulting in cardiovascular problems. Understanding these pathways will enable us to cre-
ate efficient plans for the prevention, detection, and treatment of cardiovascular problems in T2DM patients, ultimately leading to better overall 
health outcomes.

Plain language summary

Understanding the factors that increase the risk of type 2 diabetes: Exploring how the body works

Type 2 diabetes mellitus (T2DM) is a complex condition where the body struggles to use insulin properly and doesn’t produce enough of it. 
This often leads to other health issues like obesity, high cholesterol, high blood pressure, and chronic inflammation. These problems 
increase the risk of heart and blood vessel diseases in people with T2DM. To tackle these issues effectively, it’s crucial to understand the 
underlying mechanisms. When blood sugar levels are not controlled, the body starts making more fat and storing it in the liver, leading to 
high triglycerides and low levels of good cholesterol. This process can block arteries, causing heart problems. High blood sugar also dam-
ages blood vessel linings, making them inflamed and less functional. This inflammation, combined with other factors like high cholesterol 
and insulin resistance, can lead to high blood pressure. Chronic inflammation, where the body’s defense system stays active for too long, 
worsens these problems. In T2DM, inflammation occurs in fat tissues, making the situation even worse. Inflammatory cells infiltrate blood 
vessel walls, promoting plaque buildup and further worsening heart issues. Understanding these processes helps us develop better strate-
gies to prevent, detect, and treat heart problems in people with T2DM. By targeting these mechanisms, doctors can create more effective 
plans to improve the overall health of individuals with diabetes and reduce the risk of cardiovascular diseases.
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(IDF) in 2021, 8.5% of adult global population is suffering 
from diabetes, with an estimate of 643 million cases by 2045.3 
Among the 2 distinct forms of diabetes that is, type 1 and Type 
2, Type 2 diabetes mellitus (T2DM) accounts for approxi-
mately 95% of global diabetes cases, diagnosed maximally in 
individuals over 40 years of age.4 In the realm of modern medi-
cine, the intricate interplay of genetic predispositions, environ-
mental factors, and complex physiological mechanisms 
underlying Type 2 Diabetes Mellitus (T2DM) has captivated 
the attention of researchers and clinicians alike.5 T2DM 
patients have a 2 to 5 times higher risk of developing macro-
vascular disease than non-diabetic individual as glycemia is a 
persistent contributing factor for development of vascular 
complication with no discernible threshold. Furthermore, as 
60% to 70% of patient with diabetes is clinically obese, 70% to 
80% are suffering from hypertension or have high LDL-C lev-
els, the variables of cardiovascular risks plays a vital counterpart 
for overall health of an individual.6 The focus of recent research 
has shifted from merely identifying cardiometabolic risk fac-
tors associated with T2DM to deciphering the intricate molec-
ular pathways governing these connections. This evolution in 
our comprehension brings forth a fundamental question: how 
can these intricate mechanistic insights are translated into 
pragmatic clinical practices? This inquiry is not just an intel-
lectual pursuit; it represents a critical bridge between scientific 
discovery and tangible improvements in patient outcomes. In 
this context, this exploration delves into the pivotal role of 
translating these mechanistic revelations into the real-world 
context of clinical care. In this review the prime objective of the 
authors is to identify the cardiovascular comorbidities associ-
ated with T2DM and highlight the underlying interconnected 
mechanisms of vascular dysfunction that elucidate cardiovas-
cular outcomes in T2DM.

This review focus in the necessity of managing the meta-
bolic complications in T2DM patients to prevent the occur-
rence of serious cardiovascular outcome. Also the therapeutic 
targets and clinical interventions highlighted give an overview-
ing insight for clinical practitioners, the importance to assay 
and check cardiometabolic risk factors along with glycemic 
management, that the authors believe will act as a base for 
designing a combination intervention therapy, minimizing 
mortality in T2DM patients due to CVD.

Overview of cardiometabolic risk factor

Cardiometabolic risk factors are a group of condition that 
raises the possibility of metabolic diseases like T2DM and sev-
eral CVD. The predominant cardiometabolic factors that 
enhance the probability of CVD occurrence include hyperten-
sion, dyslipidemia, obesity, IR, impaired glucose tolerance and 
unhealthy lifestyle.7

A significant cardiometabolic risk factor, obesity is charac-
terized by an excessive buildup of body fat. It is linked to IR, 

adipose tissue malfunction, and a chronic low-grade inflamma-
tory state by releasing several pro-inflammatory cytokines that 
majorly includes tumor necrosis factor alpha (TNF-α), inter-
leukin-6 (IL-6), IL-12, IL-1b, Elastases, cathepsin G, and 
Proteinase-3.8 Another significant component of cardiometa-
bolic risk is IR that alludes to decreased cellular receptivity to 
insulin’s effects impairing glucose uptake and utilization along 
with promoting hyperuricemia, hypertension, elevated serum 
inflammatory markers and also develops a prothombic state. 
Genetic predispositions, obesity, lack of exercise, and persistent 
inflammation can all have an impact on IR.9 As a result, there 
is compensatory hyperinsulinemia, which worsens the deregu-
lation of lipid metabolism and encourages the growth of ath-
erosclerosis. In dyslipidemia, the bloodstream’s lipid (cholesterol 
and triglyceride) levels are abnormal.10 Atherosclerosis, which 
is characterized by the buildup of plaque in the artery walls, is 
a condition made worse by dyslipidemia. Atherosclerotic 
plaques can develop as a result of deposition of cholesterol in 
the artery intima causing inflammation and impaired blood 
flow.11 High blood pressure also known as hypertension is a 
significant CVD risk factor. Increased peripheral vascular 
resistance, suboptimal endothelial function and anomalies in 
the Renin-Angiotensin-Aldosterone System (RAAS) are a 
few of the processes that it may be brought on by hypertension. 
Hypertension also encourages vascular damage, speeds up ath-
erosclerosis, and puts more strain on the heart, which all help 
to cause heart disease.12 Cardiometabolic risk factors frequently 
overlap and influence the onset and course of metabolic and 
CVDs synergistically. A nutritious diet, frequent exercise, and 
weight control are all essential lifestyle changes that can sig-
nificantly lower these risk factors.

Understanding diabetes

T2DM involves 2 factors: malfunction in insulin secretion by 
pancreatic β cells and impaired insulin sensitivity thereby fail-
ing to cope up with metabolic necessities.13 T2DM is a com-
plex amalgamation of genetic, metabolic and environmental 
risk factors that contributes to the prevalence of the disease. 
Under healthy physiological state, insulin produced by β-cell is 
triggered to be released once the blood glucose level is abnor-
mally high. The adenosine triphosphate (ATP) dependent 
potassium channel and cyclic adenosine monophosphate 
(cAMP) that balance the intracellular calcium ion (Ca2+) con-
centration induce insulin secretion.14,15 Several mechanisms 
have been reveals that are responsible for the dysfunction of 
pancreatic β cells, thus impairs insulin16,17

Adipose tissue alterations that occur with obesity lead to an 
increase in the release of free fatty acids into the circulation. 
The insulin signaling in muscle and liver cells can be disrupted 
by these raised amounts of FFA, which can result in decreased 
glucose uptake and increased gluconeogenesis.18 Anomalies in 
the insulin receptors themselves can lead to IR as well. These 
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receptors are surface-addressed proteins that bind to insulin to 
start the signaling chain that leads to glucose absorption. Cells 
may occasionally become less sensitive to insulin if there are 
fewer insulin receptors or changes to their structure or func-
tion.19 Numerous intracellular signaling pathways are used by 
insulin to affect target cells. The phosphoinositide 3-kinase 
(PI3K)/Akt pathway is one significant route. Defects in this 
pathway can happen at a number of different levels in IR. 
Impairment of PI3K activation, lower Akt activity, and disrup-
tions in insulin receptor substrate (IRS) phosphorylation can 
all result in impaired insulin signaling and IR. Reduced glucose 
transporter protein type 4 (GLUT4) translocation to the cell 
membrane is another common cause of IR. In reaction to insu-
lin, GLUT4 promotes glucose uptake into cells. This translo-
cation process can be interfered with by impaired insulin 
signaling, which lowers the efficiency of glucose uptake by 
cells, notably muscle and adipose cells.20,21 Blood glucose levels 
are maintained in part by the liver. The liver promotes gluco-
neogenesis in T2DM, raising blood sugar levels. Under normal 
physiologic condition insulin inhibits gluconeogenesis, but 
during IR gluconeogenesis is boosted in liver.22

Also the phenomenon of fatty pancreas, characterized by 
the accumulation of excess fat within the pancreatic tissue, has 
emerged as a significant player in the realm of insulin resistance 
and T2DM pathogenesis that not only mirrors peripheral 
insulin resistance but also contributes to a unique aspect of the 
disease. A key concept in understanding this intricate relation-
ship is the twin-cycle hypothesis according to which, excess 
free fatty acids in the bloodstream resulting from obesity and 
poor dietary choices, lead to both peripheral insulin resistance 
and an increased influx of fatty acids into the liver. Within the 
liver, these fatty acids are metabolized, generating lipid metab-
olites and promoting hepatic insulin resistance. Simultaneously, 
these lipid metabolites find their way back to the pancreas 
interfering with the normal βcell function, impairing insulin 
secretion. This dual hit insulin resistance in peripheral tissues 
and impaired insulin secretion due to fatty infiltration in the 
pancreas creates a vicious cycle, further exacerbating the pro-
gression of T2DM. Understanding this twin-cycle hypothesis 
sheds light on the intricate relationship between fatty pancreas 
and insulin resistance, offering valuable insights for targeted 
interventions aimed at breaking this detrimental cycle and 
managing T2DM more effectively.23

Cardiovascular Complication in Diabetes
T2DM is a leading cause of morbidity and mortality in people 
with cardiac conditions because it is linked to an increased risk 
of cardiovascular problems. Diabetes’s chronic hyperglycemia 
and metabolic abnormalities accelerate the onset and progres-
sion of a number of cardiovascular illnesses including coronary 
artery disease (CAD), myocardial infarction (MI), stroke, 
peripheral arterial disease (PAD). These diabetic cardiovascu-
lar problems are caused by various mechanisms encouraged by 

chronic hyperglycemia, causing atherosclerotic plaques to 
develop in artery walls. The usual diabetes complications of IR, 
dyslipidemia, hypertension, and obesity also raise the risk of 
CVD.24,25

As compared to non-diabetics, T2DM patients typically 
experience CAD at an earlier stage, with more rapid progres-
sion and with more severe outcomes having pathogenesis that 
combines vascular, inflammatory, and metabolic alterations.26,27 
Endothelial dysfunction occurs early in the course of CAD 
development. In T2DM, nitric oxide (NO) bioavailability is 
diminished and reactive oxygen species (ROS) are produced as 
a result of persistent hyperglycemia and IR resulting in reduced 
vasodilation, greater vasoconstriction, and enhanced inflamma-
tory cell adherence to artery walls. Endothelial dysfunction 
hinders the coronary arteries’ capacity to widen in response to 
an increase in demand and encourages the development of ath-
erosclerotic plaques which is a significant cause of CAD and is 
promoted by several variables.28,29 Furthermore diabetes is 
linked to dyslipidemia where increased LDL-C and triglycer-
ide levels encourage the buildup of lipids within the artery 
walls, which results in the development of atherosclerotic 
plaque.30 Chronic low-grade inflammation brought on by ele-
vated levels of pro-inflammatory cytokines including IL-6 and 
TNF-α in diabetes accelerate atherosclerosis by infiltration of 
inflammatory cells into the artery walls, such as macrophages 
and T lymphocytes.31 Diabetes affects the microvasculature of 
the heart as well as the big coronary arteries. Blood flow to the 
myocardium is decreased by microvascular dysfunction charac-
terized by reduced vasodilation and increased vasoconstriction, 
resulting in MI,32 also referred to as heart attack that occurs 
when blood supply to a portion of the heart muscle is blocked, 
causing tissue damage and cell death. Compared to non-dia-
betics, T2DM patients have much higher risk of MI occur-
rence. Vascular, metabolic, and inflammatory alterations are all 
involved in the pathogenesis of MI in diabetes.33,34 When 
blood flow to the brain is interrupted the risk of cerebrovascu-
lar accident develops, commonly termed as stroke that results 
in neurological impairments.35 According to data from the 
Greater Cincinnati/Northern Kentucky stroke research, 
T2DM raises the risk of ischemic stroke in all age groups.36 
Diabetes is reported to cause microvascular diseases in which 
arteries of the brain thickens, this anatomical alteration cause 
brain tissue damage leading to development of lacunar infarcts. 
Furthermore, in T2DM patients macrovascular conditions like 
atherosclerosis, develop ruptured atherosclerotic plaques causes 
damages to the big arteries that are supplying blood to the 
brain.37,38 Furthermore, the risk of stroke development in 
T2DM can also be influenced by thrombosis and embolism in 
addition to atherosclerosis and inflammatory conditions.39 
T2DM patients are observed develop pro-thrombotic state, 
altering the coagulation system and raise the possibility of 
blood clots forming in the cerebral arteries thus in turn increase 
the risk of ischemic stroke. Additionally, diabetic condition 
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manifests the development of atrial fibrillation (AF), an unsta-
ble heart rhythm characterized by irregular and fast contrac-
tions of the atria. Blood clots formed in the heart chambers as 
a result of AF may then move to the brain causing an ischemic 
stroke.40,41

Atherosclerosis in the lower extremities is known as PAD, 
and is correlated with atherothrombosis in other vascular beds, 
such as the cardiovascular and cerebrovascular systems. In 
comparison to nondiabetic people, T2DM patients have sig-
nificantly higher chance of developing PAD and an accelerated 
course of the disease, rendering them more vulnerable to seri-
ous cardiovascular events.42,43 The two risk variables with the 
highest odds ratios for PAD are T2DM and smoking and have 
odds ratios of 2.72 and 1.88, respectively.44 However, as smok-
ing rates decline in Western nations, T2DM emerge as the 
main causative factor in the onset and progression of PAD. An 
aberrant ankle-brachial index (ABI) is more common in people 
with glucose intolerance (more than 20% prevalence), com-
pared to 7% in people with normal glucose tolerance.45 
Hyperglycemia, dyslipidemia, and IR in T2DM promotes the 
development and progression of PAD due to derangements in 
the vessel wall by upregulation of vascular inflammation and 
dysfunctioning of endothelial cell; variability in blood cells, 
including smooth muscle cells and platelets; and factors that 
affect hemostasis.42,46 C-reactive protein (CRP), a biomarker 
of inflammation, is linked to both the onset of PAD and poor 
glycemic control47 by elevating procoagulant tissue factor, leu-
kocyte adhesion molecules, and chemotactic chemicals. Also 
endothelial nitric oxide synthase (eNOS), which generates NO 
via a phosphoinositol-3-kinase dependent route, is inhibited by 
CRP, resulting in vascular tone abnormalities acting as causa-
tive factor of PAD.48,49

Dyslipidemia and Diabetes
Dyslipidemia is characterized by a range of quantitative and 
qualitative abnormalities in lipids and lipoproteins, is a fre-
quently occurring metabolic disorder linked to T2DM. 
Hypertriglyceridemia, lowered HDL-C levels, and a shift to 
small dense LDL-C make up the prevalent pattern of lipid 
abnormalities known as diabetic dyslipidemia.50

Lipid abnormalities in diabetes

Even before the clinical diagnosis of T2DM, hypertriglyceri-
demia, low HDL-C, and elevated small dense LDL can be 
found in insulin-resistant, prediabetic people with acceptable 
glucose levels, so hyperglycemia cannot entirely account for the 
lipid alteration. Although the main cause of diabetic dyslipi-
demia is IR.51 A key factor in determining the distinctive lipid 
profile of diabetic dyslipidemia is hypertriglyceridemia, which 
is regarded as the predominant lipid abnormality in insulin 
resistant individual. Increased synthesis and poor clearance of 
triglyceride-rich lipoproteins in both fasting and non-fasting 
stages lead to elevated triglyceride levels. IR involves an 

increased synthesis of very low-density lipoprotein cholesterol 
(VLDL-C), the primary carrier of fasting triglycerides.52 
VLDL-C can be divided into large, triglyceride-rich VLDL1 
and small, dense VLDL2. VLDL 1 is reported to have greater 
triglyceride amount and has been found to be a significant pre-
dictor of plasma triglyceride levels as well as associated with 
insulin sensitivity. IR which is a key characteristic of T2DM, 
leads to dyslipidemia by several mechanisms. Insulin’s capacity 
to inhibit lipolysis is impaired by IR, increasing the release of 
FFA into the bloodstream, which in turn cause excessive pro-
duction of VLDL-C by liver and carry triglycerides to the tis-
sues in the periphery. As a result, this raises the amount of 
triglycerides in the blood.50,52,53 Hypertriglyceridemia is a 
result of both an increase in VLDL-C synthesis as well as their 
reduced clearance rate that is linked to postprandial triglycer-
ide-rich chylomicrons, decreased hepatic uptake of VLDL-C, 
and impaired lipoprotein lipase activity.54

Small, dense LDL becomes increasingly prevalent in 
T2DM patients and is more atherogenic than bigger LDL 
particles with a higher propensity to pierce the artery wall and 
is more vulnerable to oxidation, leading to the development of 
atherosclerotic plaques. Furthermore, the elevated cholesterol 
ester transfer protein (CETP) activity in hypertriglyceridemic 
patients facilitates the exchange of triglycerides from VLDL 
and LDL particles for cholesterol esters from HDL particles 
causing them to become enriched with triglycerides and 
depleted of cholesterol. As a result, these HDL particles 
become less effective at removing cholesterol from the blood-
stream and also get more susceptible to degradation and clear-
ance from the bloodstream. Consequently, the overall 
functionality of HDL particles is compromised, leading to 
lower levels of functional HDL cholesterol in T2DM 
patients.55 Chronic low-grade inflammation also leads to 
aberrant lipid levels is a hallmark of T2DM. People with 
T2DM have higher levels of inflammatory mediators like 
CRP, IL-6, and TNF-α which worsens IR and encourages the 
development of hepatic VLDL particles resulting in 
dyslipidemia.56,57

Risk of CVD in diabetic dyslipidemia

Dyslipidemia is reported to elevate the risk of CVD in T2DM 
patients. Not only Hypertriglyceridemia, low HDL-C and 
elevated small dense LDL-C concentrations associate them-
selves in enhancing CVD risk. In comparison with non-dia-
betic people, T2DM patients might not show an elevated 
LDL-C concentration but have significantly greater number of 
small dense LDL particles, signifying the presence of greater 
atherogenic risk factor.58 Even when LDL-C levels are below 
130 mg/dl, the limit set by the National Cholesterol Education 
Program, LDL-C is still considered a potent independent pre-
dictor of CVD in T2DM. According to the Strong Heart 
Study, every 10 mg/dl rise in LDL-C was associated with a 
12% increase in the risk of CVD in diabetes participants.59,60
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As discussed earlier, atherosclerosis is most primary factor 
for the rise of any CVD that includes CAD, PAD and stroke. 
Dyslipidemia in T2DM promotes the development and pro-
gression of atherosclerosis by forming atherosclerotic plaques 
when levels of LDL-C, especially small dense LDL particles are 
elevated.61 These small LDL-C particles can easily pass through 
the artery wall and are particularly susceptible to oxidation, 
encouraging the build up of cholesterol, inflammatory cells, and 
smooth muscle cells once penetrate the artery wall resulting in 
the development of fatty streaks followed by fibrous plaques. 
These plaques may rupture, developing blood clots that can 
result in MI or stroke.62 Epidemiological and clinical research 
reports an inverse relationship between HDL-C concentration 
and CVD and considers HDL-C as the “good” lipoprotein due 
to its antiatherogenic function of reverse cholesterol transport 
as well as its cardioprotective functions that includes anti-
inflammatory, anti-oxidative and endothelium-dependent vaso-
dilatory effects and dyslipidemia is characterized with decreased 
HDL-C level.63,64 Endothelial function is also hampered by 
elevated LDL-C and other lipid abnormalities that encourage 

oxidative stress and inflammation in the arterial wall. The pro-
duction of NO, a vasodialator is reduced in endothelial dysfunc-
tion, whereas the production of endothelin-1, a vasoconstrictor 
is enhanced thus unbalancing vascular tonicity.65,66 Additionally, 
dyslipidemia also affects the body’s fibrinolytic and anticoagu-
lant mechanisms, which increase the probability of thrombus 
formation and makes blood clot dissolution less effective.67 
Figure 1 summarize the pathway depicting association between 
CVD and diabetic dyslipidemia. Alterations in lifestyle are 
essential for minimizing CVD risk and rebalancing lipid pro-
files that includes adhering to a healthy diet with diminished 
cholesterol, processed carbohydrates and saturated trans fats 
maintaining the body weight.68 Improvement in insulin sensi-
tivity, glycemic management, and lipid profile are linked to 
moderate weight loss (5% of body weight) and reportedly 
increase HDL-C and lowers triglyceride levels. Fruits, vegeta-
bles, whole grains, lean meats, and healthy fats are encouraged 
to be consumed along with regular exercise, such as strength 
training and aerobic workouts that improves insulin sensitivity, 
lowers triglyceride levels and elevates HDL-C level.69

Figure 1.  Summarized pathway representing the manifestation of cardiovascular disorder due to dyslipidemia in patients with T2DM. Abbreviations: FFA, 

free fatty acid; HDL, high density lipoprotein; HL, hepatic lipoprotein; IL, interleukin; LDL, low density lipoprotein; LDL-C, low density lipoprotein 

cholesterol; NO, nitric oxide; Sd-LDL, small dense low density lipoprotein; TG/TGA, triglyceride; TNF-α, tumor necrosis factor-α; VLDL, very-low density 

lipoprotein.
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Hypertension and Diabetes
A common medical condition called hypertension, also referred 
to as high blood pressure, is characterized by persistently raised 
blood pressure readings and is referred to as the “silent killer” is 
that it frequently exhibits no major clinical symptom but, if 
untreated, can result in fatal issues. Smoking, a sedentary life-
style, and a high-sodium diet are all preliminary lifestyle fac-
tors that can cause hypertension.70 T2DM and hypertension 
frequently coexist and have a strong association where both 
influences and exacerbates the other in the complex 
interaction.71

Hypertension and diabetes

Hypertension impacted by a number of dysregulated physio-
logical systems that elevates cardiac output and blood volume 
resulting in elevated blood pressure. T2DM is linked to a num-
ber of metabolic abnormalities, including IR, hyperglycemia, 
and dyslipidemia, which cause hypertension and in turn mani-
fests CVD.72 Diabetes-related metabolic complications, vascu-
lar disorder, and hormonal disorders interact intricately and 
elevates the blood pressure.73 IR acts as a major factor in the 
emergence of hypertension by an array of interconnected 
mechanisms. Increased activity in the sympathetic nervous sys-
tem is related to IR which arises because of defective insulin 
signaling to the regions of the brain that control sympathetic 
outflow. Also RAAS that controls and maintain electrolyte 
homeostasis, fluid balance, and blood pressure is compromised 
in faulty insulin signaling.74

In insulin resistant condition, renin release from kidney is 
stimulated increasing the conversion of angiotensinogen into 
angiotensin I. Angiotensin-converting enzyme (ACE), abun-
dantly present in lungs and blood vessels further converts angi-
otensin I into angiotensin II. As a powerful vasoconstrictor, 
angiotensin II induces blood vessel constriction and develop 
peripheral resistance, thus bringing up resistance in blood flow 
and elevating blood pressure.75,76 Further the secretion of 
aldosterone from the adrenal glands is also stimulated by angi-
otensin II that induces retention of both sodium and water 
expanding blood volume as a result blood pressure is raised. 
Angiotensin II also stimulate the sympathetic nervous system 
increasing the sympathetic activity which leads to excessive 
release of norepinephrine, enhancing vasoconstriction, and 
again elevates blood pressure.77,78 Adipokines, the bioactive 
chemicals by adipose tissue is unbalanced in IR and with 
increased pro-inflammatory adipokine and decreased anti-
inflammatory adipokine production along with other hormo-
nal changes, development of hypertension is manifested. 
Adiponectin is an adipokine with anti-inflammatory and insu-
lin-sensitizing properties. Insulin resistant individuals fre-
quently reports decreased adiponectin level which is associated 
with increased inflammation, poor vasodilation, and endothe-
lial dysfunction, triggering hypertension.79,80 Another adi-
pokine that affects appetite control and energy balance is leptin 

that is frequently elevated in obese and insulin resistant indi-
vidual because of increased adipose tissue mass. Leptin levels 
when excessively elevated stimulates sympathetic nervous sys-
tem, constricting blood vessels and elevates blood pressure.81 
Typically IR is associated with chronic low-grade inflamma-
tion in the body and inflammatory substances elevate vasocon-
striction and impair blood vessel function, contributing to 
hypertension.12 In normal physiological condition insulin 
increases endothelial NO synthesis but in IR the production of 
NO is downregulated leading to vasoconstriction and elevated 
blood pressure that ultimately contributes to the development 
of endothelial dysfunction.82 T2DM is associated with 
increased sodium retention by the kidneys into the blood-
stream which occurs due to insulin’s diminished effect on kid-
ney’s renal tubules. As reabsorption of water increases along 
with sodium chloride, the blood volume expands and blood 
pressure elevates. Further T2DM includes hormonal imbal-
ances, such as increased levels of insulin, cortisol (a stress hor-
mone), and aldosterone which is studied to exert direct effects 
on blood pressure regulation by causing electrolyte imbalance 
in body.83,84 The sodium-potassium pump, a crucial mecha-
nism for preserving cellular electrolyte balance, is activated by 
insulin. This pump’s function is compromised by IR causing 
intracellular sodium buildup and extracellular potassium deple-
tion that triggers vasoconstriction, higher blood pressure and 
increased arterial stiffness ultimately triggering CVD.85

Cardiovascular consequence of hypertension in 
diabetes

T2DM is the most common cause of end-stage renal disease, 
blindness, and nontraumatic amputations and is linked to sev-
eral cardiovascular complications. Glycemia is the constant 
variable that serves as a cardiovascular risk factor and hyperten-
sion alone is a significant risk factor for cardiovascular morbid-
ity and mortality and their coexistence in the same patient is 
detrimental.86 Figure 2 summarize the overall impact and 
physiology of hypertension on the development of cardiovas-
cular complication in presence of IR.

Impact on the vascular tree

T2DM and hypertension are both recognized contributors for 
atherogenesis and damage the vascular tree through an array of 
underlying factors. Endothelial dysfunction, a crucial early 
stage in the emergence of vascular problems in T2DM is exac-
erbated by hypertension. The endothelial cells that lines the 
blood arteries are subjected to greater degree of mechanical 
stress due to elevated blood pressure and compromise its capac-
ity to control vascular tone, inflammation, and clotting factors, 
interfering with its standard functionality.87 Hyperglycemia, a 
hallmark of T2DM generates ROS in excess that also damages 
the vascular tonicity of endothelial lining. Also oxidative stress 
produce AGEs which contribute to endothelial dysfunction 
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and vascular damage in diabetes.88,89 The reduced availability 
of NO in endothelium in diabetic hypertensive condition is 
mediated by several factors. As was already established, elevated 
oxidative stress can inactivate NO by directly scavenging it. 
Furthermore, eNOS, the enzyme that produces NO is also 
impaired by high glucose levels. Vasoconstriction and endothe-
lial dysfunction are caused by a combination of decreased pro-
duction and increased degradation of NO ultimately enhancing 
peripheral resistance of the blood vessel and act as a contribut-
ing factor for atherosclerosis.90 In diabetic hypertension the 
endothelial barrier breaks down increasing the permeability. 
Because of the malfunctioned endothelial cells, plasma proteins 
and lipids, particularly LDL-C leaks into the blood vessel, 
accumulating plaque for arthrosclerosis development.91 In 
hypertension the endothelial cells are stimulated to produce 
endothelin-1 (ET-1), a strong vasoconstrictor, which tightens 

blood vessels and increases vascular resistance and excessive rise 
in blood pressure leads to vascular complications.92

LDL-C and other circulating lipids that are drawn to the 
damaged endothelium builds up and undergoes oxidation 
within the artery wall, causing an inflammatory reaction and 
draws immune cells to the area notably macrophages and which 
releases pro-inflammatory cytokines. The formation of athero-
sclerotic plaque in the artery is brought on by the lipid engulf-
ment of the macrophages, forming foam cell.93,94 The earliest 
detectable stage of atherosclerosis is a fatty stripe formed by 
inflammatory cells and lipid-filled foam cells over which a 
fibrous covering eventually forms as the fatty streak develops 
into an atheromatous plaque, a more complicated lesion. The 
unstable plaque with a thick lipid core and a thin fibrous cap is 
more likely to break and on rupture the highly thrombogenic 
components of the plaque, such as tissue factor and collagen, 

Figure 2.  Crossover pathways in hypertension and IR that lead to the development of CVD. Abbreviations: ANG-I, Angiotensin-I; ANG-II, Angiotensin-II; 

H2O, water; IR, insulin resistance; Na+, sodium ion; NO, nitric oxide; T2DM, Type 2 diabetes mellitus.
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are made available to the bloodstream and platelets cling to the 
area formation blood clot, thereby obstructing the blood vessel 
that leads to ischemic events.95,96 Furthermore, heart muscle 
cells enlarges due to the increased stain on the artery walls and 
deposition of extracellular protein on leading to remodeling 
and hypertrophy of the bigger arteries in diabetic hypertension. 
The arterial stiffness, decreased compliance, and compromised 
vasodilation that follow these anatomical alterations elevates 
blood pressure and raise stress on heart.97

Impact on the heart

As the atherosclerotic plaque developed within the artery wall 
ruptures that initiates a process of thrombus formation that block 
the coronary artery, decreasing blood flow to the heart muscle. 
Ischemia is the result of the narrowing or blockade of the heart 
arteries and if the blood flow is not quickly restored, it can result 
in symptoms like angina or more serious problems like MI.98 The 
heart must work harder to pump blood against more resistance 
which result in chronic hypertension and develop hypertrophy of 
its muscular walls. The heart’s ability to pump blood decline with 
time resulting in heart failure or arrhythmias.99,100

Anomalies in the microcirculation are responsible for the 
severe degenerative alterations in the diabetic hypertensive 
heart.101 Nonhemodynamic factors such as sodium intake, 
activity of growth-promoting hormones, activity of the sympa-
thetic nervous system, RAAS, whole-blood viscosity glucose 
levels, and genetics contribute to the development of left ven-
tricular hypertrophy that explains hypertensive cardiomyopa-
thy in diabetic hypertension.102,103 The widespread presence of 
extensive interstitial connective tissue throughout the myocar-
dium appears to be one of the most noticeable microscopic 
learning of the hypertensive diabetic heart. Clinical research 
using echocardiography also revealed that patients with diabe-
tes and hypertension had an enlarged left ventricular mass.104,105 
While nondiabetic hypertensive patients with comparable lev-
els of hypertension only had a lower prevalence of left ventricu-
lar hypertrophy than hypertensive T2DM patients that partially 
clarify why T2DM patients have higher rates of morbidity and 
mortality.106

Obesity and Diabetes
Obesity is a “chronic and multifactorial medical condition 
characterized by excessive accumulation of body fat, and is 
typically diagnosed based on an individual’s body mass index 
(BMI).” The World Health Organization (WHO) defines 
obesity as “abnormal or excessive fat accumulation that may 
impair health.”107

Diabetes and obesity

As a significant contributor to IR, obesity raises plasma FFA 
levels over time, both in the basal state and after a glucose load. 
Central-abdominal fat has a higher level of metabolic and 

lipolytic activity, which results in a greater release of FFAs into 
the bloodstream. Whole-body IR was seen in clinical tests in 
healthy participants with acutely elevated plasma FFA lev-
els.108 Increased plasma FFAs impede glucose metabolism at 
the level of substrate competition, intermediates accumula-
tion, enzyme regulation, intracellular signaling, and/or gene 
transcription by mass action to increase their cellular absorp-
tion and stimulate mitochondrial –oxidation.109 As observed 
by the rise in lipid oxidation, the predominance of lipid utili-
zation at the expense of glucose causes skeletal muscle to 
absorb less glucose and produce less glycogen at a slower rate. 
This chronic hyperglycemia (glucotoxicity) condition reduces 
insulin sensitivity substantially.110 AGEs are produced as a 
result of the pathological glycation of circulating proteins and 
compensatory hyperinsulinemia carried on by IR and glucose 
intolerance resulting in pancreatic beta cell secretory failure 
are the consequences of this process in the final stages.111 In 
addition to the liver, skeletal muscle, and pancreatic cells, 
which under normal circumstances do not store lipids, fat 
storage occurs inside and around these organs when the diet-
derived fat intake is increased that ultimately leads to an 
excessive generation in the mitochondria of hazardous reac-
tive lipid species that harm specific organs through oxidative 
stress and cellular malfunction, eventually developing into IR, 
poor glucose tolerance and T2DM.112 An increasing amount 
of research points to the pathophysiology of diabetes in obese 
patients being affected by chronic low-grade inflammation in 
adipose tissue.113 Through Lipopolysaccharide (LPS)-related 
endotoxemia that affects gut microbiota, obesity causes 
inflammation. An upsurge in T-lymphocytes and M1 mac-
rophages along with enhanced production of proinflammatory 
cytokines induce inflamation and contribute to the develop-
ment of IR. Additionally, inflammatory signals linked to obe-
sity impair endoplasmic reticulum performance and 
significantly activate JNK, specifically the JNK1 isoform in 
insulin-sensitive organs like the liver and fat which functions 
by serine phosphorylation of the insulin receptor substrate-1 
and subsequent suppression of insulin action.114,115

Cardiovascular consequences of obesity in T2DM

Hyperglycemia is brought on by poor glucose cellular uptake 
due to IR, where the formed AGEs rupture blood vessels and 
impair their function. Furthermore, increased plasma levels of 
FFAs in obese people aggravate IR and compromise glucose 
metabolism.116 Low-grade inflammatory state developed in 
obesity is exacerbated in T2DM. Secretion of adipokines 
including leptin and resistin as well as pro-inflammatory 
cytokines encourage inflammation, promoting endothelial dys-
function. Also in obese T2DM condition elevated ROS weak-
ens body’s antioxidant defense that induce oxidative damage to 
tissues, especially the vascular endothelium also contributing to 
endothelium dysfunction.117 Endothelial dysfunction caused 
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due to aforementioned condition induce hypertension and vas-
cular injury as it decrease NO production, hence vascular tonic-
ity disrupts.118 Dyslipidemia in T2DM obese individual 
accelerates the development of atherosclerotic plaques within 
the arteries. These plaques may rupture or calcify over time, 
developing blood clots that partially or totally obstruct blood 
flow through the coronary arteries resulting in angina or MI.119

Other than inflammatory cytokines, release of adipokine by 
adipose tissue in obese T2DM patient encourage sodium 
retention, vasoconstriction and enhance sympathetic nervous 
system activity that contribute to hypertension and systemic 
vascular resistance.120 Chronic inflammation, oxidative stress, 
and IR in obese T2DM patient damage the heart muscle ham-
pering cardiovascular cellular ability to utilize glucose, resulting 
in fatigue. Pro-inflammatory cytokines and adipokines also 
promote structural and functional alterations in the heart by 
increasing ventricular stiffness and impaired diastolic function. 
Heart failure develops as a result of reduced cardiac contractil-
ity caused by these variables taken together. Obesity and diabe-
tes accelerates the developmental procedure of atherosclerosis, 
which can alter the cerebral arteries and limit blood flow along 
with the development of prothrombic condition. Uncontrolled 
diabetes also causes small vessel disease, such as cerebral small 
vessel disease and microangiopathy, which raises the risk of an 
ischemic stroke.121,122

Obese T2DM patients are more susceptible to CVD in 
which the heart undergoes structural and electrical remodeling. 
The normal electrical conduction is disrupted by the left ven-
tricular hypertrophy, fibrosis, and dilatation that are linked to 
obesity.123 Ion channel function and cardiac electrical activity 
are also affected by IR and dyslipidemia leading to cardiac 
arrhythmia. Pro-inflammatory cytokines also promote fibrosis 
in the heart, creating arrhythmogenic substrate. Identifying 
important pathways and prospective targets for treatments is 
made easier by having a thorough understanding of the patho-
physiology of each cardiovascular disease in diabetes obe-
sity.124,125 To slow the onset and progression of these 
cardiovascular problems, effective care should focus on manag-
ing diabetes, controlling obesity, managing hypertension, and 
addressing associated risk factors Figure 3 summarize the 
pathophysiology underlying the development of CVD in obese 
diabetic individuals.

Diabetic Kidney Disease and Cardiovascular Health
The cardiovascular health is significantly impacted by diabetic 
kidney disease (DKD), also known as diabetic nephropathy, 
which is a common consequence of T2DM. A bidirectional 
association exists between DKD and cardiovascular disease, with 
each illness influencing the onset and advancement of the other.

Diabetic nephropathy

The prime pathological alteration in DKD occurs in kidneys’ 
glomeruli, renal tubules, and interstitium. In DKD, the 

filtering units of the kidneys, glomeruli experience pathogenic 
alterations where the glomerular filtration rate (GFR) and 
renal blood flow initially rise. This hyperfiltration appears to be 
a compensatory reaction to the raised glucose levels and 
increased metabolic demands associated with T2DM.126 The 
glomeruli are under greater stress due to the elevated GFR and 
the glomerular filtration barrier becomes more permeable over 
time due hyperglycemia and GFR stress. Larger molecules, 
especially albumin leaks into urine due to this enhanced per-
meability causing albuminuria that is regarded as a glomerular 
filtration barrier degradation indicator and an early indicator of 
DKD.127,128 The glomerular basement membrane thickens as a 
result of buildup of Collagen and other elements of the extra-
cellular matrix resulting in reduction of glomeruli’s capacity for 
filtration.129

The accumulation of proteins, including type IV collagen 
develops Kimmelstiel-Wilson nodules and are the defining 
hallmark of advanced stage DKD.130 The renal tubules enlarge 
due to fluid buildup and atrophy characterized by the loss of 
tubular cells and renal function is further compromised. The 
renal vasculature is potentially impacted by diabetes where 
arterioles supplying the kidneys thickens and narrows causing 
arteriolar hyalinosis contributing to renal ischemia and further 
kidney tissue injury.131 It’s significant to remember that DKD 
pathophysiology is not exclusive to the kidneys. Organs and 
systems throughout the body are affected by diabetes and 
DKD, including Cardiovascular System. The development of 
hypertension, atherosclerosis and the increased risk of heart 
disease and stroke are all influenced by the pathophysiological 
alteration in the kidneys.132

Linking cardiovascular disease and diabetic 
nephropathy

Endothelial dysfunction is linked to both DKD and CVD and 
due to prolonged hyperglycemia and metabolic imbalances. 
AGEs are produced in excess in hyperglycemia and activation 
of protein kinase C pathway worsens NO bioavailability, exac-
erbate oxidative stress and inflammation and manifest vaso-
constriction. Ineffective vasodilation, increased arterial 
permeability and prothrombotic condition are developed 
endothelial dysfunction, which leads to atherosclerosis.133 Due 
to the endothelial dysfunction in DKD, inflammatory cells 
including monocytes and lymphocytes are drawn to and adhere 
to the vascular endothelium. Secretion of adhesion molecules 
and chemokines by activated endothelium helps inflammatory 
cells move into the vessel wall and exude cytokines and growth 
factors encouraging development of extracellular matrix com-
ponents and vascular smooth muscle cell proliferation. 
Atherosclerotic plaques develop as a result, narrowing the 
artery lumen, decreasing blood flow and consecutively raising 
the risk of CVD.134

In DKD renin is released in excess from the juxtaglomerular 
cells as a result of poor sodium excretion and volume enlargement 
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caused by renal injury. Angiotensin II is produced when RAAS is 
activated by renin that induces vasoconstriction, aldosterone 
release and sympathetic nervous system stimulation. These pro-
cesses increase blood pressure, sodium and water retention and 
systemic vascular resistance. A vicious loop between renal impair-
ment and cardiovascular issues is created by hypertension, which 
worsens already existing kidney disease. In addition to sodium 
and water retention, plasma volume expansion and raised blood 
pressure, Angiotensin II also increases the release of aldosterone 
that cause vascular remodeling and fibrosis by encouraging the 
growth of vascular smooth muscle cells. The risk of hypertension, 
atherosclerosis increases as a result of these modifications, which 

can result in heart failure and other cardiovascular problems.135,136 
The production of numerous cytokines and growth factors in dia-
betic nephropathy together with systemic variables like hyperten-
sion, oxidative stress, inflammation and metabolic irregularities 
bring about structural alteration of the heart. These modifications 
include diastolic dysfunction, myocardial fibrosis, and left ven-
tricular hypertrophy.137 Myocardial fibrosis alters the natural 
structure of the myocardium, which impairs cardiac function and 
increases the risk of arrhythmias and heart failure.138 A vicious 
cycle is created by the interaction of both DKD and T2DM with 
renal damage being exacerbated by cardiovascular disease while 
DKD promotes the growth and advancement of the ailment. To 

Figure 3.  Pathophysiology involved in the rise of CVD in obese diabetic individual. Abbreviations: AGE, advanced glycation end product; ANG-II, 

Angiotensin-II; FFA-Free fatty acid; IL6, interleukin6; ROS, Reactive Oxygen Species; TNF-α, tumor necrosis factor-α.
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lessen the effects of DKD on cardiovascular health, effective 
management techniques should prioritize optimizing glycemic 
control, blood pressure management, cholesterol management, 
and renin-angiotensin system blocking. Figure 4 show the patho-
physiological pathway of the development of CVD in diabetic 
nephropathy.

Strategies for Managing Cardiometabolic Risks in 
Diabetes
Lifestyle modification

By practicing weight management, lowering inflammation, 
regulating blood sugar levels, controlling blood pressure and 

cholesterol levels, lifestyle changes have an impact on cardio-
metabolic diseases inT2DM, consistent implementation of 
which can greatly lower the probability of cardiovascular prob-
lems and enhance general wellbeing in T2DM patients. T2DM 
patients must consume complex carbohydrates, high-fiber 
foods, and spreading their carbohydrate intake throughout the 
day to avoid blood sugar spikes and maintain stable glucose 
levels. Physical activity improves insulin sensitivity, glucose 
uptake into cells, raise metabolism and maintain lipid profile 
that assist lowering hyperglycemia and obesity. The risk of car-
diometabolic disorders is decreased when a healthy weight is 
maintained because it eases the load on the heart and blood 
vessels.139,140 People can minimize the risk of CVD and 

Figure 4.  Physiological pathway that lead to development of CVD in diabetic nephropathy patients. Abbreviations: ANG II- Angiotensin II; JG cells, 

Juxtaglomerular cells; Na+, sodium ion; T2DM, Type 2 diabetes mellitus.
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enhance blood vessel function by giving up smoking.141 The 
release of stress hormones such cortisol, catecholamines and 
glucagon by the body during stress cause spike in blood sugar 
levels by boosting gluconeogenesis causing compromised gly-
cemic control and IR in people with poor glucose metabo-
lism.142 The release of pro-inflammatory cytokines and the 
activation of immune cells are 2 features of low grade inflam-
matory reactions that chronic stress sets off in the body which 
is linked to the onset and development of CVD.143 The dura-
tion and quality of sleep also affect the ratio of hormones that 
control appetite, such as leptin and ghrelin. Lack of sleep can 
interfere with these hormonal signals, causing cravings for 
high-calorie meals and increased hunger leading to obesity and 
lipotoxicity which are risk factors for T2DM.144 In order to 
enhance glycemic control, lower IR, and lessen cardiovascular 
risks, comprehensive care for T2DM patients must include 
implementing effective stress management techniques and 
promoting healthy sleep habits.

Pharmacological interventions

In order to manage cardiovascular risk factors, regulate blood 
glucose levels, and lower the frequency of cardiovascular events, 
extensive pharmaceutical therapies are employed. The follow-
ing section highlights the most widely used pharmaceutical 
treatments for T2DM’s cardiometabolic consequences.

Among oral antidiabetic medications the drug of choice for 
treating T2DM is metformin which promotes glucose absorp-
tion by peripheral tissues, raises insulin sensitivity, and decreases 
hepatic glucose synthesis.145 Sulfonylureas like glibenclamide, 
glimepiride and glipizide encourage pancreatic β cells to secrete 
more insulin.146 DPP-4 inhibitors that include sitagliptin, sax-
agliptin, and linagliptin improve glycemic management by 
increasing insulin production and decreasing glucagon 
release.147 Sodium-Glucose Co-Transporter 2 (SGLT2) inhib-
itors including empagliflozin, dapagliflozin, and canagliflozin 
decrease renal glucose reabsorption and increases urine glucose 
excretion and improve glycemic management as well as lowers 
cardiovascular mortality.148 Thiazolidinedione, in particular 
Pioglitazone are recommended as oral antidiabetic drug for 
increasing insulin sensitivity in peripheral tissues.149 Other 
than oral medication several injectables are also prescribed for 
glycemic control. Exenatide, liraglutide, and dulaglutide imi-
tate the effects of glucagon-like peptide-1 (GLP-1), a hormone 
that increases the secretion of the insulin and glucagon while 
inhibiting the release of glucagon, delaying gastric emptying 
and lowers the risk of CVD, GLP-1 receptor agonists have 
positive effects on the cardiovascular system.150 Patients with 
T2DM who cannot achieve appropriate glycemic control with 
oral medicines require insulin therapy.151 As part of the man-
agement of cardiometabolic problems in T2DM, antihyper-
tensive medicines are frequently prescribed to control 
hypertension, a comorbidity that is frequently present in 
T2DM patients and lessen the load on the heart and blood 

vessels reducing the chances of CVD. To better manage blood 
pressure, many antihypertensive drugs of various kinds are fre-
quently used in combination. When compared to a single med-
icine, combination therapy can reduce blood pressure more 
effectively due to its additive or synergistic effects.152 
Antihypertensive drug classes that are frequently prescribed 
include beta-blockers which majorly includes metoprolol and 
carvedilol that reduce heart rate and myocardial contractility, 
calcium channel blockers like amlodipine and verapamil that 
relax vascular smooth muscle cells, Angiotensin-converting 
enzyme inhibitors (ACE) and diuretics.153 The most com-
monly preferred lipid lowering drug is statin, that primarily 
function by blocking synthesis of cholesterol, lowers LDL-C 
level and slightly raise HDL-C levels lowering the risk of ath-
erosclerosis. Statins with its anti-inflammatory property help 
to stabilize plaque and prevents rupture, avoiding heart attacks 
and strokes.154 Monoclonal antibodies evolocumab and ali-
rocumab target proprotein convertase subtilisin/kexin type 9 
(PCSK9) which breaks down LDL receptors and increase the 
number of LDL receptors thus increases LDL clearance and 
lowers the risk of CVD.155 T2DM patients are more likely to 
develop thrombosis. Antiplatelet drugs like aspirin and clop-
eredogel supports healthy clotting process by preventing the 
development of thrombi inside blood vessels. Antiplatelet 
drugs are prescribed to T2DM patients having coronary artery 
stenting or other cardiovascular procedures in order to prevent 
stent thrombosis.156 By lowering platelet activation and inflam-
mation, antiplatelet medications not only reduce risk of CVD 
but also decrease progression of DKD.

Interplay of Cardiometabolic Disorders Manifesting 
Cardiovascular Complication in T2DM
T2DM is characterized by IR and reduced insulin production 
and cardiometabolic diseases are frequently linked to it that 
increase the chance of developing CVD and is illustrated in 
Figure 5. Hyperglycemia is a result of poor glucose uptake 
caused by IR, which in turn initiates several pathophysiological 
processes.157 By accelerating the release of free fatty acids from 
adipose tissue and decreasing the clearance of triglyceride-rich 
lipoproteins, it primarily encourages dyslipidemia that buildup 
of cholesterol-rich plaques in artery walls resulting in athero-
sclerosis.158,159 Furthermore, endothelial dysfunction, a cru-
cial factor in CVD is triggered on by persistent hyperglycemia 
and dyslipidemia.160 AGEs produced in hypertension encour-
age oxidative stress and inflammation and have the ability to 
bind to receptors on endothelial cells, initiating several sign-
aling pathways that worsen endothelial dysfunction.161 
LDL-C particles in dyslipidemia enter the artery and cause 
inflammatory response and the oxidation of which leads to 
foam cell formation that progress atherosclerosis.162 NO pro-
duction is decreased in endothelial dysfunction, while endothe-
lin-1, proinflammatory cytokines, and adhesion molecules are 
enhanced causing vasoconstriction, inflammation, and platelet 
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aggregation exacerbating the onset and progression of cardio-
vascular problems.163,164 Furthermore, by encouraging the gen-
eration of ROS and decreasing antioxidant defenses, 
hyperglycemia and dyslipidemia heighten oxidative stress.

TNF-, IL-6, and CRP are the inflammatory mediators that 
are produced in adipose tissue of obese T2DM patients that 
support IR, endothelial dysfunction and atherosclerosis by 
causing a persistent low-grade inflammatory state and promote 
plaque development.165 IR causes the activation of sympathetic 
nervous system and cause electrolyte imbalance that raises 
blood pressure.166 IR, dyslipidemia, atherosclerosis, endothelial 
dysfunction, oxidative stress, chronic inflammation, and hyper-
tension are all part of the interrelated pathophysiology under-
pinning cardiometabolic illnesses that show cardiovascular 
consequences in T2DM. Cardiovascular problems in people 
with T2DM emerge and advance as a result of the interactions 
and amplifying effects of these processes.

Therapeutic Targets for Reducing the Mortality of 
T2DM Patients due to CVD
Over the past decade there has been a dramatic rise in the mortal-
ity of T2DM patients, mostly due to cardiovascular complica-
tions. According to International diabetes federation in 2019, 
approximately 4.2 million deaths are reported in T2DM due to 
CVD.167 Epidemiological data supports that T2DM patients are 
at higher risk for incident of heart failure, MI and other cardio-
vascular complications. As discussed in earlier sections, IR is 
directly involved for the development of cardiovascular complica-
tions and several therapeutic interventions along with close glu-
cose monitoring arresting the development of CVD.167 Current 
research is focusing not only on glycemic control but arrest the 
cardiometabolic disorders of an individual can be an ideal way to 
reduce the mortality of T2DM patients by CVD. Figure 6 repre-
sents the major therapeutic targets that can effectively control the 
risk of development of CVD in T2DM patients.

Figure 5.  Interconnection between different cardiometabolic complications that results in development of CVD in T2DM. Abbreviations: FFA, free fatty 

acid; HDL-C, high density lipoprotein cholesterol; NO, nitric oxide; Sd-LDL, small dense low density lipoprotein; T2DM, Type 2 diabetes mellitus.
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Studies suggest that there exist a missing link that explains 
the excessive burden of CVD in T2DM patients despite being 
under optimal glycemic control. The cardiometabolic factors 
play underlying role in the manifestation of abrupt develop-
ment of endothelial dysfunction, severe vasoconstriction and 
ventricular dysfunction that ultimately impairs cardiovascular 
functionality.168 Several study reports that individual suffering 
from hypertension tends to show 50% to 60% mortality due to 
sudden heart attack. When this elevated condition of blood 
pressure associates with IR, the development of cardiovascular 
disease grows rapidly. Identifying hypertension as a therapeutic 
target to reduce risk of CVD is an important measure to deplete 
mortality rate. On controlling hypertensive state in individual, 
the arterial pressure and peripheral resistance reduces, thus 
reducing vasoconstriction, thereby reducing damage of vascular 
physiology. Also reduction of blood volume decrease cardiac 
output and load on heart decreases, thereby reducing risk of 
CVD development.169,170 On the other hand targeting to 
reduce dyslipidemia directly reduce the risk of cardiovascular 
complication. Study suggests that dyslipidemia and risk of 
CVD runs parallel, increasing the incidence of atherosclerosis 
by 2 to 3 folds.171 With almost 70% T2DM patient having 
LDL-C level of >100mg/dl, dyslipidemia can be considered a 
prominent therapeutic target to reduce the T2DM mortality 
by CVD. The reduction in LDL-C release and upregulation of 
HDL-C balances TG level and reduce chance of plaque depo-
sition in the artery walls. Further the increased NO level bal-
ances vasodialation thus keeping the vascular elasticity intact 
and downslide the chances of development of cardiovascular 
complications.172 Another therapeutic target for achieving 

intact and healthy vascular function in T2DM patient with 
high BMI is management of body weight. Obese individual 
having high BMI have an hazardous effect on cardiovascular 
health increasing risk of coronary heart disease upto 28%, even 
if individual is reported to show healthy blood pressure, con-
trolled glycemia and cholesterol level.173 Obesity is associated 
with not only development of CVD but also it acts as an 
underlying mechanism for the development of IR and hyper-
glycemia, as well as lipotoxicity leading to atherosclerosis and 
impaired vascular functionality. Obese patients if primarily 
treated to check body mass and BMI other than glycemic con-
trol can be at lower risk for CVD development.173 Another 
prime therapeutic target is the treatment of diabetic nephropa-
thy that disturbs the electrolyte balance in the body. Healthy 
functioning of kidney reduces cardiac arrhythmia by reducing 
systemic inflammation, balancing vasodialation and thus 
reducing risk of CVD development. There exist several drug 
classes that effectively reduce cardiometabolic factors individu-
ally. But introduction of combination drug regimen for T2DM 
patients with metabolic complications can be considered an 
important therapeutic intervention to control the mortality of 
T2DM patients due to cardiovascular complications.

Conclusion
The exploration of cardiometabolic risk factors associated with 
T2DM provides crucial insights into the intricate mechanisms 
underlying this complex and prevalent condition. Through 
comprehensive research and analysis, it has become evident 
that a multifaceted interplay of genetic, environmental, and 
lifestyle factors contributes significantly to the development of 

Figure 6.  Major therapeutic targets for the management of cardiovascular disorder in T2DM patient. Abbreviations: ANG II, Angiotensin II; FFA, free fatty 

acid; HDL, high density lipoprotein; LDL, low density lipoprotein; NO, nitric oxide; T2DM, Type 2 diabetes mellitus.
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T2DM, the identification of which pave way for advancements 
in prevention, early detection, and management strategies. 
Mechanistic insights into the relationship between cardiomet-
abolic risk factors and T2DM have illuminated pathways 
involving hypertension, dyslipidemia, obesity and diabetic 
nephropathy that not only deepen our comprehension of the 
disease but also offer potential targets for therapeutic interven-
tions. These cardiometabolic risk factors having interconnected 
pathway often pave way for extreme metabolic condition and 
induce multiple complication in individual. When conjoined 
with IR, the metabolic conditions manifest the progression of 
plaque building in arterial wall, enhance vasoconstriction, dis-
rupt vascular tonicity and also multiply cardiac output thus 
exposing T2DM patients at high risk of cardiovascular mortal-
ity. Other than close glycemic control, therapeutic regulation of 
cardiometabolic condition in T2DM patients can be consid-
ered as novel therapeutic targets to lower chances of cardiovas-
cular mortality and provide healthy life to the patients.

The review article on cardiometabolic risk factors associated 
with T2DM stands out for its comprehensive approach, 
encompassing a vast array of literature and present complex 
mechanistic pathways in an accessible manner. It adeptly iden-
tifies and discusses novel connections between cardiometabolic 
risk factors and T2DM, contributing significantly to the field’s 
advancement. However, the review does have limitations that 
involve its vast scope, potentially leading to the omission of 
certain relevant studies and findings, limiting its comprehen-
siveness. Moreover, there might be a bias in the selection of 
data sources, impacting the review’s objectivity. While the arti-
cle explores clinical implications, the practical application of 
mechanistic insights in real-world patient care settings is not 
thoroughly discussed. Additionally, the review does not exten-
sively delve into future research directions, and the heterogene-
ity of study populations across reviewed studies might not have 
been fully addressed. Despite these limitations, acknowledging 
the review’s strengths and weaknesses is crucial for a balanced 
evaluation, guiding both researchers and readers in their under-
standing of cardiometabolic risk factors in T2DM.
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